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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.

References
[1] W. Mittig et al. Nucl. Phys. A, 722:10c–16c, 2003.

[2] C.E. Demonchy et al. J. Phys. G: Nucl. Part. Phys., 31:S1831, 2005.

[3] C.E. Demonchy et al. Nucl. Instr. and Meth. A, 573:145, 2007.

[4] B. Blank et al. to be published.

[5] J. Giovinazzo et al. Phys. Rev. Lett., 99:102501, 2007.

[6] M. Caamano et al. Phys. Rev. Lett., 99:062502, 2007.

[7] C. Monrozeau et al. Phys. Rev. Lett., 100:042501, 2008.

[8] W. Mittig et al. Eur. Phys. J. A, 25:263, 2005.

[9] I. Tanihata et al. Phys. Rev. Lett., 100:192502, 2008.

†Address for correspondence: Facultad de Fı́sica (USC/Campus Sur), Departamento de Fı́sica de Partı́culas, E-15706 Santiago de Compostela, Galicia (Spain), Email: hapolyo@usc.es
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Abstract
ACTAR is a new active target/time-projection chamber, designed for reaction and decay
studies with nuclei far from stability. This class of instruments, initially developed
for high-energy physics, has found profitable applications in medium- and low-energy
nuclear physics as shown by a successful series of experiments. ACTAR builds on this
experience to go beyond, incorporating developments in gas detector technology and a
newly-designed electronic system of unprecedented scale in our research domain.

The physics cases for the new-generation active target are related to the ongoing
developments of facilities for radioactive ion beams. Thanks to its flexibility, this in-
strument will be capable of taking advantage of the most exotic beams produced at
in-flight fragmentation facilities, as well as the high-quality ISOL beams which will
become available for example at SPIRAL2.

The interest in the active target project has been lively: a dedicated research ac-
tivity within EURONS has brought together a large community, where the common
aspects of various instruments were studied. An outcome of those studies has been the
start of a project, now financed by the French ANR, for the realization of a general
electronic system for active targets and time-projection chambers (acronym GET) for
nuclear structure studies.

ACTAR, initially presented as a Letter of Intent to the SPIRAL2 project, will cru-
cially benefit from the GET ANR, to which it is strongly linked. This and the recent
addition of ACTAR to the SPIRAL2 Preparatory Phase (an FP7 project) provide the
framework to consolidate the collaboration and start a programme that will lead to the
construction of the new detector in a time frame of four years. This document illustrates
the physics goals and technical aspects of ACTAR, and presents the plan of the project.
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•Low threshold.
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The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
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• new radioactivities [5],

• nuclear structure [6, 7] and,
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To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.
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of reactions and energies, during the design phase.
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" auxiliary silicon and scintillator detectors,
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Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:
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θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
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of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
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2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,
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Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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1 Introduction

1.1 Overview

About twenty years ago, experiments in nuclear physics started employing accelerated
beams of unstable nuclei, having a large excess of protons or neutrons. In the years
that followed and up to the present day, truly exotic properties were discovered in these
nuclei. In some light systems, excess nucleons lead to large spatial extensions of the
wave function, developing into halos [1]; configurations of clusters of nucleons give
way to excitation patterns typical of molecular structures [2]. In heavier systems, the
extreme neutron/proton ratio modifies profoundly the effective nucleon-nucleon inter-
action, leading to a break-down of shell closures and to different “magic numbers”
[3]. Rare decay modes have been identified in dripline nuclei [4]. Such discoveries
challenge our understanding of the nuclear structure, and have important consequences
in related fields, such as nuclear astrophysics. New, more detailed experimental in-
formation, that can cast light on these questions, will be accessed by the concurrent
developments in the production of radioactive ion beams and new detection systems.
Here we present one of such systems.

Intensities of radioactive ion beams (RIBs) at the present facilities are much lower
than in the case of stable beams, ranging from few particles/day to some 107 particles
per second (pps); their optical qualities (beam size and emittance) are also often much
poorer than for stable beams. To overcome these difficulties, new detection systems
need to be developed, having high geometrical efficiency and fine spatial resolution.
In order to further increase the reaction yields, thick targets are also required. This
becomes a severe limiting factor as it leads to high energy losses and corresponding
resolution degradation. In addition, since usually reactions are performed in inverse
kinematics (a heavy projectile impinging on light target nuclei), the light recoil have a
very low energy and are difficult to detect. These issues become even more important
when using post-accelerated heavy secondary beams such as those that will become
available at SPIRAL2, HIE-ISOLDE and ISAC2.

The idea of an active target, based on a gaseous ionization detector where the nu-
clei of the gas atoms are also the target nuclei, overcomes most of these difficulties.
Gaseous detectors potentially have a very good geometric efficiency, a low detection
threshold and excellent tracking capabilities (thus allowing the measurement of angu-
lar distributions); also, they have possibilities in particle identification. A large target
thickness is possible without losing in resolution. In principle, the thickness can be
increased to the point where the incident ion beam is completely stopped in the target,
optimizing in this way the use of the exotic beam. The method offers also specific
advantages: in case of short-leaving or unbound reaction products, the decay and its
products can be detected in the gas volume itself; exploiting the energy loss of the in-
cident beam in the gas, excitation functions can be obtained for selected reactions with
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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1. INTRODUCTION

a single tuning of the accelerator, thus optimizing the beam time. Several results have
already been obtained in measurements covering different physics cases, as reported in
section 2.2.

The experience gained with the present active targets has led to the identification
of a number of critical improvements, which we intend to implement in a new gener-
ation of such detectors. A significant amount of development has already taken place
within the framework of various collaborations (section 1.2). We plan to continue this
work, finalising the various aspects (mechanics, electronics, software), and build the
new active target detector, ACTAR, in a time frame of about 4 years.

1.2 Context of the ACTAR collaboration

In the period 2005-2008, a broad research program on active target detectors has been
carried out within the EURONS FP6 Joint Research Activity “ACTAR” [5]. As result,
a number of documents were generated, which present in detail: the general physics
motivations and specific physics cases; studies and tests around the possible solutions
for the mechanics and detection technology; software developments for simulations
and data analysis; characteristics and performances required for the electronics of the
new generation of active targets.

The electronics in particular has been identified as a key element in the realization
of future detectors of this kind. Because of a wide interest, an initiative for a specific
development has been taken, in a form of a project aiming at building and testing a pro-
totype of such an electronic system in a time frame of four years. The project name is
GET (General Electronics for time-projection chambers, TPCs) [6]. A proposal to the
French National Research Agency (ANR) was submitted in the fall of 2008 by IRFU
Saclay, GANIL and CENBG, with MSU/NSCL participating as a foreign partner. The
project has been accepted and almost fully financed. In the same context, a Memoran-
dum of Understanding is in preparation between these laboratories (and the addition of
RIKEN) to ensure a supporting structure to the future R&D activities.

GET is a flexible, generic system covering the electronics from the front-end cards
(FEE) to the data acquisition and control (DAQ), which will instrument various active
target and TPC detectors with different specific nuclear physics requirements and char-
acteristics: The MSU active target (AT-TPC [7]), the SAMURAI TPC at RIKEN [8],
the future version of the IKAR target at GSI, the R3B active target planned for FAIR
[9]; and the ACTAR TPC for reaction and decay studies.

The latter was presented as a Letter of Intent to the SPIRAL2 project at GANIL
[10], by a collaboration that largely coincides with that involved in the ACTAR JRA.
The LoI received a positive review from the SPIRAL2 Advisory Committee.

Very recently, ACTAR has eventually been included in the FP7 SPIRAL2 Prepara-
tory Phase project [11], alongside the other new instrumentation proposed for SPI-
RAL2. This framework will allow continuing the R&D work, exploiting and improving
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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9

on the knowledge built during the JRA. Another goal is to arrive at the signature of an
MoU for the construction of the detector.

These developments are giving us the opportunity of re-launching and consolidating
the collaboration around ACTAR, also including new partners like ISOLDE (CERN).
This goes into the direction of building a device to be used at various facilities, in order
to exploit at best the possibilities offered by the instrument in conjunction with the
ongoing radioactive ion beam developments.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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2. DETECTOR CONCEPT

2 Detector concept

2.1 Detection principle

The ACTAR detector uses the principle of a time-projection chamber (TPC) [12]. The
latter is a gaseous detector, capable of tracking in three dimensions the charged particles
traversing its volume.

The working principle is illustrated in Fig. 1. In a TPC, electrons are produced by
the ionization of the atoms of the gas, induced by the energetic charged particles. An
electric field causes the electrons to drift to an amplification zone, where their number
is multiplied (with gain factors ranging from 103 to 106). Different technologies can
be used to achieve the amplification. The electrons cause a signal (either by induction,
or by direct collection) on a segmented plane, creating a two-dimensional projection of
the ionization track. The third dimension is reconstructed by measuring the drift time
of the electrons through the gas volume.

In the active target mode (see Fig. 2), the events of interest are those in which the
incoming beam nuclei interact with the nuclei of the gas atoms. From the detection
of the tracks, the reaction vertex can be directly reconstructed. This allows using a
very large target thickness, with an increase in luminosity of a factor 5 to 10 with
respect to solid targets, without losing in energy resolution. The energy of the particles
can be estimated from the amplitude of the signals collected along the whole track;
for particles that escape the gas volume, ancillary charged-particle detectors can be
placed to intercept them. In any case, information about the specific energy loss is
available: by combining such information with that related to the kinematics of the
process, identification of the particles can be achieved. In fact, for an identified particle
stopping in the gas volume, a more accurate energy measurement is provided by the
length of the track (range).

Besides reactions, the detector can be used to measure charged particles (ions) emit-
ted in the decay of unstable nuclei. In this case, a beam of such nuclei is stopped in
the detector volume, where the subsequent decay is recorded. Due to the very different
specific energy loss, ion emission is easily identified.

The choice of the gas and its pressure is set according to the physics case of inter-
est. For the pressure in particular, the requirements in terms of total target thickness
and range for the particles of interest have to be taken into account; for a decay mea-
surement, the pressure is such that the beam is stopped within the detector. In practice
however, the gas also has to ensure the good operation of the detector, responding to
several factors [13]: low working voltage, high gain, good proportionality and high rate
capability. In a number of reactions or decay studies, gas mixtures are employed to
reach higher drift velocities or gains.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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2. DETECTOR CONCEPT

2.2 Present active target detectors
The validity of the TPC concept, and in particular active targets, in low-energy nu-
clear physics has been proven by the important results obtained in several experiments
employing such devices.

IKAR The archetype of these instruments is IKAR, a hydrogen-filled chamber used to
measure elastic scattering of light exotic nuclei on protons in inverse kinematics [14–
16]. IKAR is operated at a pressure of 10 bar with the high-energy beams from the
GSI fragmentation facility. Results on nuclear matter distributions of 6,8He, 8,9,11Li
and lately on 12,14Be and 8B were obtained in the recent years.

MAYA For the lower energy range, the MAYA detector was developed at GANIL [17].
In MAYA, anode wires are used for the amplification, and induced charges are collected
on a plane (in this case a cathode) segmented into 32×32 hexagonal pads of about 0.8
cm size. The drift time is measured from the signals on the wires (with respect to an
external beam detector which provides the trigger). The wires are arranged parallel to
the beam direction, so that the signals of two traces projecting on opposite sides of the
centre are collected on different wires. The readout of the pads is performed with the
GASSIPLEX chips [18]. MAYA has been successfully used in a variety of conditions:

• A resonance state in the 7H system has been identified via the 12C(8He,7H)13N
transfer reaction [19, 20], with the ISOL 8He beam from SPIRAL at 15.4
MeV/nucleon. The events of interest were selected by detecting the 13N ions
in coincidence with tritons (from the breakup of 7H), the latter being stopped in
an array of CsI scintillators covering the forward angles. The filling gas in this
case was isobutane (C4H10) at a pressure of 30 mbar.

• In a campaign at TRIUMF, the correlation of the two neutrons in the halo
of 11Li halo nucleus was studied via the 1H(11Li,9Li)3H transfer reaction at 3
MeV/nucleon beam energy [21]. All the outgoing particles were detected in the
C4H10 gas at about 100 mbar pressure and, in some cases, stopped in solid-state
detectors placed at forward angles. From the Q-value of the reaction, also per-
formed at a different beam energy and at a gas pressure at 350 mbar, the mass of
11Li was re-measured as well [22].

• A 50 MeV/nucleon 56Ni beam produced by fragmentation and in-flight separa-
tion at GANIL was used to measure the inelastic scattering on deuterons in in-
verse kinematics, with the aim of populating the giant monopole resonance [23].
The position of the resonance is related to the nuclear matter incompressibility.
MAYA was operated with deuterium (D2) at a pressure of 1050 mbar, equiva-
lent to a CD2 target of 6.3 mg/cm2, and tuned to optimize the detection of the
scattered deuterons. To avoid saturation from the strong signals induced by the
incoming beam, the latter was shielded with two plates placed above and below
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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the beam trajectory. A similar experiment, this time with a 68Ni beam, has been
already approved at GANIL.

CENBG TPC The group at Bordeaux-Gradignan developed a time-projection chamber
[24] for the study of two-proton radioactivity. The proton-emitter nuclei are implanted
in the centre of the active TPC volume, where the decay takes place. The electrons
produced by the implanted nuclei and by the protons emitted in the decay drift towards
the amplification zone, which is constituted by a set of four Gas Electron Multipli-
ers (GEMs) [25]. The electrons are then collected on a plane (this time an anode),
segmented in two sets of 384 + 384 orthogonal strips with a pitch of 200 µm. The
system was recently used for the study of two-proton emission from 45Fe [26] with a
in-flight separated beam produced at GANIL. The two protons were clearly identified
by measuring their individual energies and their relative emission angle, which are the
quantities required to study the emission dynamics of two-proton radioactivity. The gas
used was a mixture of 90% argon and 10% methane (CH4).

Although successful in the measurements listed above, the present TPCs for low-
energy nuclear studies have characteristics that limit significantly the physics potential
of such instruments. For reaction studies:

• The dynamic range is limited: because of the very different specific energy loss
for particles of different charge, it is in most cases very difficult to select condi-
tions that would allow detecting at the same time the incident ion, the ejectile and
the recoil particles. This is probably the main limitation in MAYA at present.

• The physics cases are limited to two-body reactions, because the time measure-
ment does not allow dealing with multi-hit events.

• The angular coverage is limited in practice to ±45 degrees relative to the pad
plane because of the uncertainties in the reconstruction of “steeper” trajectories
from their short projections, thus halving the potential yield and statistics.

• With the present electronics, the achievable number of channels of such a set-up
is at maximum about 1000. This forces the use of large pad sizes and hence a
lack of energy and angular resolution.

• The lack in position resolution induces an uncertainty on range measurements
and thus on the identification of particles in mass and charge.

• The rate of accepted events is limited due to the capabilities of the data acquisition
system in terms of through-put.

Limitations of the present arrangement of the TPC for decay studies include the fol-
lowing:
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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2. DETECTOR CONCEPT

• Due to the use of strips instead of pads, only two particles can be observed in one
event. 45Fe also has also a three-proton decay branch which is difficult to identify
with this set-up.

• Also, the use of strips instead of pads creates ambiguities in the reconstruction
process for certain event geometries.

• Only one time stamp, and not the time evolution of the signal, is available for
each strip, which limits the separation of two protons for events where the two
protons overlay in the two-dimensional projection.

• The energy resolution for the protons depends on the position resolution which
in turn is limited by the charge spread due to the GEMs.

• The size of the chamber is limited by the number of electronic channels which
can be handled by the data acquisition system.

• Two-proton emitters have short half-lives (ms) and the data acquisition dead
time after the detection of the mother nucleus leads to losses of the radioactivity
events.

These problems are addressed in the development of the new detector ACTAR.
Other active target detectors are being developed by various laboratories. Besides

the instruments listed in section 1.2, involved in the development of the GET elec-
tronics, we mention the TACTIC chamber [27, 28] for nuclear astrophysics (York,
TRIUMF); the gas proportional counter of the ANASEN array [29] (Louisiana State
University and Florida State University); a TPC for fission studies [30] (Lawrence Liv-
ermore National Laboratory).

2.3 ACTAR description and performances
ACTAR will retain the versatility shown by MAYA. Since it will be used with low-
energy, heavier ion beams that will become available for reaction studies at ISOL facil-
ities, a better energy and position resolution than MAYA will be necessary.

The final list of specifications of ACTAR will be formulated in the course of the
project; one specific activity is dedicated to this purpose (see section 6.1.1). Nonethe-
less, the work carried out during the ACTAR JRA has identified some key physics
cases, which determine a number of performances required from the active target. The
physics cases are discussed further in the document, in section 4. The preliminary list
of performances is presented in Table 1.

Various elements of the detection setup play a role in several of the parameters, as
indicated in the Table. In the following, the complex interplay is discussed in detail,
providing a functional description of the ensemble. The systematic description of the
detector parts will be presented in section 5.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Table 1: Summary of the performances of ACTAR.

Parameter Value Depends upon

Dynamic range 103 - amplification technology
- detector geometry
- electronics
- ancillary detectors

Number of tracks all tracks detected - segmentation using pads
independently - electronics

Spatial resolution < 2 mm - amplification technology
- pad size and shape
- number of channels
- ancillary detectors

Maximum beam intensity 106 pps - drift velocity
- operating conditions
(gas type or mixture)

- detector size
- electronics

Timing resolution 20 ns - drift velocity
- electronics

Energy resolution 2% - spatial resolution
(signal amplitude) - operating conditions

- amplification technology

Efficiency > 90% - dynamic range
- detector geometry
- type of event

Counting rate 1 kHz - electronics
for accepted events - pad-to-electronics topology

Minimum half life decay events ≈10 µs - electronics

Portability - detector design
- electronics
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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2. DETECTOR CONCEPT

• Dynamic range It is the ratio between the largest and smallest charges detectable
in the gas volume. From the specific energy loss for different particles in the pro-
cesses of interest (see also appendix A), we see that a factor 103 is required. In
most cases, the largest ratios occur between beam or beam-like particles and light
recoils, with the former concentrated on a path in the central zone of the detector.
In this case, results can be achieved by using an amplification technology and
electronic slow-control versatility capable of producing different gains on differ-
ent areas of the segmented plane and for various events, with a lower gain in cor-
respondence of the projection of the beam tracks. Various solution are presently
at study (see section 5.4).
The detector will be designed to be adjustable electromechanically so that the ge-
ometry of the detection can be modified. For example when the detection of the
beam particles is of no interest, the segmented plane can be oriented perpendicu-
larly to the beam direction. This solution minimizes the area of the plane which
is “blind” due to the projection of the beam tracks.
For particles differing significantly in charge, outside the beam path, the main aid
will come from the newly-designed electronic system (GET, General Electronics
for TPCs, section 5.8), which will have an intrinsic dynamic range of a few hun-
dreds.
In some cases, even at high pressures, energetic light particles will escape the gas
volume. The use of charged-particle ancillary detectors becomes then necessary
to recover the full energy. However the position information could still be pro-
vided from the signals within ACTAR, relaxing the requirements on the ancillary
detectors in terms of segmentation.

• Multiple tracks Recording more than two tracks, preserving the three-
dimensional information, implies collecting the timing signals directly from each
point of the projected tracks in an independent way. This forces the choice of
pads (as opposed to strips) for the segmented plane, and requires an electronic
system capable of handling the information. Eventually, the limit for the identifi-
cation of separate tracks should be determined by the spatial resolution.

• Spatial resolution The spatial resolution in MAYA is better than the pad size,
because the induction created by an electron avalanche on the wires spreads on
several pads, allowing a fit for the calculation of the centre of the distribution. Be-
cause of other constraints, the amplification technology in ACTAR will be of the
planar type – GEMs [25] or Micromegas [31], see section 5.4 – with a negligible
spread of the electron signal. The resolution will then be essentially determined
by the pad size. The minimum size is eventually limited by the mechanical con-
straints related to the collection of all the signals from the pads in the small space
available. Also, for a given detector size, the number of electronic channels in-
creases for a smaller pad size. Using a larger pad size could be compensated by
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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scaling the detector accordingly, and using a lower pressure; however, this leads
to a larger area that ancillary detectors may need to cover, with a substantial im-
pact on the cost of the system. A compromise has thus to be reached.
With the present technology a pad size of 4×4 mm2 is certainly feasible; still,
new connector solutions are being investigated to go to even smaller values, pos-
sibly to 2×2 mm2. Possibilities to improve the spatial resolution beyond the
limit imposed by the pad size include adding a resistive layer on the pad plane to
spread the collected charge, or a design of the pad shape to relate the information
about the energy collected in each pad with the position of the signal on the pad
(see section 5.5).

• Beam intensity ACTAR is designed to allow performing experiments with the
most exotic radioactive beams, at intensities as low as 103 pps. In some cases
however, for processes with a very low cross section, the use of higher beam
intensities is desirable. We fix the limit at 106 pps, which would allow measure-
ments of exotic giant resonances, and give access to interesting cases in nuclear
astrophysics. The allowed beam rate sets a constraint on the minimum drift ve-
locity vd of the electrons, which in turn depends upon the filling gas and applied
voltage. The size of the detector also plays a role: to evacuate the electrons from
a chamber of about 40 cm in the direction of the field, before the following beam
particle arrives, a drift velocity vd = 40 cm/µs is necessary. This is a very high
value, but it can be substantially relaxed by using a multi-level triggering system
with pattern recognition capabilities, which would identify an event of interest
and subsequently block the collection of signals from the beam area. Typical
conditions for TPCs can then be used, with vd ≈ 5 cm/µs or less.

• Timing resolution The timing resolution determines the spatial resolution in the
direction parallel to the electron drift, via the value of the drift velocity. It should
be such, to match the spatial resolution in the other two directions. For vd ≈ 5
cm/µs, the required timing resolution is 20 ns. The information (evolution of
the charge signal) is collected on the pads, and the GET electronic system will
provide a numeric signal registration from which a precise time measure can be
extracted.

• Energy resolution For particles stopped within the gas volume, the energy in-
formation is extracted from the range, and thus the error depends on the spatial
resolution. The absolute values vary with the particle nature and energy, see ap-
pendix A.
More in general, the energy deposited in the detector is measured from the ampli-
tude of the signals collected on the pads. Achieving a good resolution, uniform
on all the pads, can be extremely challenging in a gas detector: the gas should
be operated in the best “proportional” conditions (accurately choosing the gas
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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2. DETECTOR CONCEPT

mixture, its pressure and the applied voltage), but certainly a key factor is the
choice of the amplification technology. In this respect, a planar solution (GEMs
or Micromegas) is preferable. Recently, tests for the NEXT detector (a TPC for
neutrinoless double beta-decay [32]) have shown that, using Micromegas, an in-
trinsic resolution of less than 1% for α particles from a standard source can be
achieved.

• Efficiency It is related to the dynamic range and the possibility of “using” the
events with tracks which lie at small angles with respect to the field direction, thus
having short projections and close to the beam. It is possible to act on the various
parameters influencing the track lengths and on the geometry of the detector (for
example by orienting the beam perpendicular to the pad plane, see section 5.5),
in order to optimize the detection efficiency for the events of interest. The goal is
to reach at least 90%.

• Counting rates (accepted events) This limit is essentially determined by the
performance of the electronics and data acquisition system. The GET system
(section 5.8) is designed to achieve 1 kHz for accepted events, and to have a
multi-level triggering system which will be capable of selecting the events of
interest by taking into account coincidence signals from external detectors, the
pad multiplicity and the hit pattern. Attention needs be put in the way the pads
are grouped with respect to the front-end electronic cards that perform the fast
event analysis (pad-to-electronics topology).

• Decay detection Nuclei showing an interesting decay pattern are often those
close to the driplines, with very short half lives. The decay takes place very
shortly after an implantation, thus it is important that the dead time of the ac-
quisition system be as short as possible. Again, the GET electronics is explicitly
taking this aspect into account, operating in an almost “continuous” acquisition
mode between an implantation event and the subsequent decay.

• Portability We intend to build a portable device to exploit the possibilities
offered at the various radioactive ion beam facilities in Europe and possibly else-
where. This has an impact in the design of the detector: we chose for a config-
uration which does not include a magnetic field – which could serve to confine
the particles within the gas volume. Instead, we will utilize ancillary charged-
particle detectors placed in order to optimize the dynamic range for the events
of interest. As a consequence, the detector will be rather compact, within the
constraints imposed by the mechanics of the pads readout. In addition, the GET
electronics is designed to reach a high level of portability and integration with
several types of ancillary detectors through the incorporation of a time-stamping
event building.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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The considerations made above show that the dimensions of the detection volume
in ACTAR strongly depends on the size of the pads. For an ideal size of 2×2 mm2, the
detection volume could be about 30 liters. In this case (but also for a slightly larger pad
size) the number of pads is very large, of the order of 20000. Clearly the development
of the GET dedicated electronics is necessary to handle all the information.

GET is also designed to be scalable, flexible and with a a number of features that
can be adjusted, in order to optimize its performances according to the needs of the spe-
cific measurement. The variety of operating conditions for the different physics cases
suggests in fact that ACTAR as a whole should be built as a detector with a variable
configuration. Through the ACTAR program two principle configurations topologies
were studied, with the field parallel (axial configuration) and perpendicular (planar con-
figuration) to the beam direction. It was shown that the optimal geometry depends on
the reaction under study. The cost of building the field cage and the associated am-
plification modules corresponds to only a few percent of the total costs, opening this
possibility of a flexible design.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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3. PHYSICS MOTIVATION

3 Physics motivation

3.1 Opportunities with Radioactive Ion Beams

The first category of physics cases for the active target can be characterized under the
general denomination of direct and resonant reactions induced by radioactive beams.
Forty years ago, stable nuclei were studied in direct kinematics with beams of light ions,
and a wealth of nuclear structure information was obtained from direct reaction results.
With radioactive beams, these reactions are nowadays studied in inverse kinematics on
light target nuclei such as protons, deuterons or α particles because light nuclei are
known to be the best probes to extract nuclear structure information. Since all these
light nuclei are gases, they can be used as detection gases in active targets.

Reactions of interest include elastic and inelastic scattering; transfer of one, two, or
few nucleons; resonant reactions where states in the compound nucleus are investigated.
In the following sections we present these cases and discuss the use of the active target
method.

Another application where these detectors present interesting features is the study
of exotic radioactivities, such as two- and three-proton radioactivity, which require the
precise determination of the energy and angle of the individual protons; or β -delayed
multi-particle emission, where the nature and correlation of the emitted ions is of in-
terest. The gas detector is in this case used a time-projection chamber and not as an
active target stricto sensu, since the gas only acts as stopping medium for the nuclei
of interest, however the technical requirements are very similar to those of an active
target.

From the above list, it is clear that the physics cases considered for the active target
cover a very broad range of nuclei, from light halo nuclei up to the relatively heavy
beams which will be available from SPIRAL2. The energy range also goes from the
lowest energies of an ISOL post-accelerated facility for resonant reactions studies up
to several tens or hundreds of MeV/nucleon of the in-flight facilities for matter density
determination, giant resonance studies and proton radioactivity. Active targets have the
possibility of exploiting all these regimes, as already shown by the results obtained with
the present devices.

3.2 Elastic scattering

The simplest of all reactions, elastic scattering, is used at high energy (few hundreds
MeV/nucleon) to study matter density distributions. A complete experimental program
is dedicated to this subject at GSI with the IKAR active target, and has produced many
impressive results on the matter density distributions of halo nuclei [15, 33, 34]. At
lower energy, elastic scattering is often the first reaction to be studied, because the
cross sections are high, and also because it allows to determine the parameters of the
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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optical potential which is needed to analyse inelastic scattering and transfer reaction
data.

3.3 Spectroscopic studies with inelastic scattering and transfer re-
actions

The second type of experiments where active targets can have a large variety of appli-
cations is structure studies of very exotic nuclei from inelastic or transfer reactions.

Proton inelastic scattering can yield important information on the structure of nu-
clei, in particular on transition densities. Protons interact with both protons and neu-
trons in the nucleus, whereas Coulomb excitation on a heavy partner or lifetime mea-
surements probe directly only the proton density distributions. The combination of the
two types of measurements can disentangle proton and neutron contribution to excited
states [35, 36]. Another possible use of inelastic scattering is to study giant resonances,
in particular the giant monopole resonance, as detailed in section 3.5.

One-nucleon transfer reactions are particularly useful as a spectroscopic tool due
to their selectivity in favour of the population of single-particle (or hole) levels. The
application of such reactions to exotic nuclei is a major tool to explore the evolution
of the shell structure with isospin. The excitation energies of the different states in the
nucleus under study can be obtained directly from the measured energy spectra. The
Q-values measured for the ground state in these spectra sometimes provide the first de-
termination of the mass in the case of very exotic nuclei, at the limit of drip lines or
even beyond [19]. While the angular distributions of the differential cross sections de-
pend on the transferred angular momentum, and therefore bring information on the spin
and parity of the state, the absolute values of these cross sections are directly related to
the spectroscopic factors and therefore to the structure of the states. Major results have
already been obtained, in particular from (d,p) reactions [37]. Other reactions such as
(p,d), (d,t) or (d,3He) are also considered to study neutron hole or proton hole states,
respectively.

Many regions of the nuclear chart are of particular interest for transfer reaction stud-
ies. The light nuclei, where the drip lines are accessible and where many exotic prop-
erties have been evidenced, such as one-neutron and two-neutron halos, or borromean
structures, have already been studied extensively but many experiments suffered from
the lack of statistics which prevented to draw firm conclusions. The availability of
higher intensities in the next-generation facilities will help to shed some light on sev-
eral controversial results in systems such as 5,7H or 7,9He. The change of shell structure
in regions far from the valley of stability has opened a new challenge to our traditional
models of the nucleus. Some of the conventional shell gaps have been quenched in
extreme neutron-rich regions while new ones have surfaced up. A complete under-
standing on the evolution of nuclear orbitals over the nuclear chart is therefore now an
important task. The nuclei far from stability corresponding to both the traditional magic
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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3. PHYSICS MOTIVATION

numbers and to the predicted new ones, are of course the focus of transfer reaction ex-
periments. The new regions of nuclei that will become accessible with SPIRAL2 with
unprecedented intensities are a strong motivation for the development of new genera-
tion detection devices such as ACTAR.

Finally, transfer reactions are also an important tool for nuclear astrophysics exper-
iments. Despite recent improvements in detection systems, the direct study of some
astrophysically important reactions is simply not feasible at the relevant energies and
thus indirect techniques must be exploited. However, many of the reaction rates under
investigation are dominated, at astrophysical temperatures, by the contribution from
one or two resonances, and so information on the properties of these resonances (en-
ergy, spin and width) allows the contribution to the total reaction rate to be calculated.
Transfer reactions, such as (d,p) and (3He,t), are powerful tools for investigating these
properties for key energy levels in the relevant nuclide.

In general transfer reaction experiments use a sophisticated set-up which consists of
a spectrometer to detect the projectile residue, an array of solid state detectors such as
TIARA [38] or MUST2 [39] to detect the light target recoil, and a gamma spectrometer
to detect in coincidence the de-excitation γ rays. This is needed when the nucleus under
study has a high density of excited states, where γ-ray detection is the only way to ob-
tain the needed resolution. Moreover, the target thickness is limited due to the very low
energy of the recoil nucleus. As a consequence, this type of detection set-up requires
reasonable beam intensities, of the order of a few 104-105 pps at minimum. The advan-
tage of active targets in this kind of studies lies in the possibility of using high pressures
and thus having a very large target thickness, that allows performing precise measure-
ments already with beam intensities as low as 103. There exists therefore a niche for
active target experiments with the most exotic nuclei where incident intensities are too
low, or when the recoil nucleus has such a low energy that it cannot exit from a solid
target without drastically destroying the energy resolution. Schematically, such active
targets will increase the sensitivity by two orders of magnitude with respect to pure Si
devices such as MUST2, therefore allowing to reach nuclei with two nucleons further
away from stability.

3.4 Resonant reactions

Resonance reactions allow for the production and observation of particle-unstable iso-
topes, or highly-excited unbound states in nuclei. In both cases, the reaction is per-
formed in inverse kinematics and the states of interest are populated by the resonant
capture of a (light) target nucleus onto the incident nucleus. The nuclear state which is
created decays after a very short half-life, depending on its decay width. The measure-
ment of the decay channels allows the deduction of spectroscopic information on the
nuclear state populated, its energy, its spin and parity, and other characteristics.

When one particular state is studied, the beam energy is chosen in order to cover
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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the corresponding centre of mass energy when the beam is degraded through the target,
usually a CH2 foil in case of a reaction on protons. In this case the light particles corre-
sponding to the various decay channels escape the target and are detected in the forward
direction. Alternatively, an excitation function on a broader range can be obtained by
using a very thick target – a gas target is preferred in this case in order to avoid degrada-
tion of the light-particle energy. A gas target is also necessary when studying resonant
reactions on α particles.

Among the exit channels, elastic scattering has the advantage of having by far the
largest cross section. Resonant scattering on protons with a neutron-rich AZ nucleus can
be used to populate the Isobaric Analogue States (IAS) of the A+1Z nucleus and deduce
information on their structure [40], complementing the (d,p) reaction method. Reso-
nant scattering on α particles are used to study states that present pronounced molec-
ular structures [41]. More in general, resonant reactions are particularly interesting for
nuclear astrophysics, for which many processes of interest proceed through resonance
states. A precise knowledge of the structure of such states can be obtained through the
measurements of the various decay channels (elastic, inelastic, other particle-emission
channels) after population with reaction on protons or α particles.

Such studies have been performed up to now using conventional set-ups with solid
state detectors (sometimes placed within the volume of the target gas [42, 43]). These
types of experiments will strongly benefit from the use of active targets, because of the
possibility of improving resolution by the determination of the position of the reaction
vertex. Several groups are already using such devices [44] or are presently constructing
new active target devices for that purpose [27–29].

3.5 Inelastic scattering and isoscalar giant resonances

The study of the compression modes, the isoscalar giant monopole (ISGMR) and dipole
(ISGDR) resonances, in stable nuclei has been pursued for the last three decades with
the aim to determine the incompressibility of nuclear matter [45]. This fundamental
property of nuclear matter is of crucial importance. It determines the excitation ener-
gies of the compression modes and, as an important parameter of the equation of state
(EOS), it plays a crucial role in nuclear collisions and in the outcome of the collapse
of heavy stars in what is known as supernova explosions. Through these extensive
experimental and theoretical studies, it is now accepted that the incompressibility of
nuclear matter K∞ has a value of around 230 MeV. The asymmetry term in the ex-
pansion of the nucleus incompressibility Kτ has been poorly determined, since it re-
quires studies of the compression modes in an isotopic chain spanning a wide range
of δ = [(N−Z)/A] values. This has been done recently for the stable Sn nuclei and a
value of Kτ = (−550±100) MeV was obtained [46].

With the availability of exotic neutron-rich and proton-rich nuclei, it becomes pos-
sible to cover a wider range in δ -values allowing a more accurate determination of
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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3. PHYSICS MOTIVATION

Kτ and also of K∞, because of the slight dependence of these two parameters when
extracting them from a limited set of data. Furthermore, in these exotic nuclei new
phenomena emerge, such as pygmy resonances that are multipole strengths reflecting
the collectivity due to the extra neutron-skin or proton-skin relative to the core.

The study of giant resonances in unstable nuclei is quite involved experimentally
and has up until recently been restricted to the study of isovector giant dipole resonance
(IVGDR) in a number of nuclei at GSI [47, 48] and RIKEN [49]. Recently Monrozeau
et al. measured the ISGMR and giant quadrupole resonance (GQR) in the exotic 56Ni
nucleus [23] using MAYA. The centroid of the ISGMR was determined with an uncer-
tainty of 0.5 MeV.

The measurement relied on the detection of the recoil deuterons from the inelastic
scattering of the beam particles on the D2 gas in MAYA; the uncertainty of the re-
sult is related to the difficult measurement of the range of the deuterons. A significant
improvement could be obtained with the use of ACTAR, since a more precise determi-
nation of the reaction vertex and track lengths would be possible; and the use of He as
a gas would bring an increase of the cross section. This case is examined in section 4.3.

3.6 Exotic decay modes at the driplines

Exotic decays like two-proton radioactivity or β -delayed multi-particle emission are
sensitive probes to study nuclear structure at the limits on nuclear stability. Often these
decays are the only means to access information this far from stability. In addition,
these decays or their reverse, i.e. the capture of particles are of prime importance in
astrophysics.

Two-proton radioactivity is supposed to give access to basic information like pro-
ton-proton pairing in nuclei, but also on final-state proton-proton interactions [4]. De-
tailed theoretical models reproducing the experimental results will also allow to de-
termine the composition of the wave function of the emitting nucleus in terms of the
orbitals contributing to the decay and the mixing of the different spin contributions (“ j-
content” of the wave function). In certain cases, the tunneling process might also be
studied while the deformation changes between the parent and the daughter nucleus,
a particularly challenging task. Two-proton capture, the reverse process of two-proton
radioactivity is discussed as a possible bridge to overcome the slowing-down of the
astrophysical rp-process at waiting points like 68Se or 72Kr [50].

Studies of exotic decays like two-proton radioactivity or β -delayed multi-particle
emission is usually performed at fragmentation facilities like GANIL/LISE, GSI/FRS,
MSU/A1900 or in the future at RIKEN/BigRIPS or FAIR/SuperFRS where the most
exotic nuclei are produced in the most efficient way. Such studies cannot be done with
silicon detector arrays as it is done for simpler decays, because the different particles
emitted in these decays cannot be resolved due to their range.

As the particles cannot escape from the detectors, only the total decay energy, the
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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half-life and the branching ratios can be accessed. However, to measure e.g. the energy
sharing of the different particles or their relative emission angle, which are the observ-
ables which allow studying the decay dynamics and to perform detailed comparisons
with theoretical models; or in order to distinguish between single-particle emission and
multi-particle emission, the individual particles have to be observed with their energy
and their angle. This is only possible with gas detectors allowing to visualize individual
particles in three dimensions.

Beyond the measurement of the observables mentioned above, another challenge
for the study of two-proton radioactivity is the fact that the two-proton emitters have
rather short half-lives of the order of 2-10 ms. This means that the experimental device
has to be able to treat the implantation of the emitter and its decay in a very short
time, which is at or often beyond the limit of data acquisition systems used today. In
order to study these decays without significant losses due to acquisition dead time, the
detector itself, the electronics and the data acquisition has to be tailor-made for these
applications. Typically, the GANIL data acquisition in its standard implementation
loses about 30% of the decay events of 45Fe due to its dead time.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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4. DETAILED PHYSICS CASES

4 Detailed physics cases

In this section we develop a few physics cases in more detail. We intend to show the
capabilities of ACTAR in these measurements, also with respect to the performances of
present active gas detectors. We mostly consider measurements that have been already
attempted or actually performed with the present devices, to point out the improvements
that ACTAR could bring. In one occasion, that of reactions with the 78Ni nucleus, we
have chosen a case which is representative for similar measurements, that will become
possible in that region of the chart of nuclei with the development of the new RIB
facilities – in particular SPIRAL2, even if the intensity of 78Ni beam itself may still be
too low.

That of 78Ni is also the test case where the simulation work has focused in the past
months. Results of detailed event-by event-simulations will be presented for this case.
For the other ones, calculations of the performances of ACTAR were made based on the
known characteristics of the reaction (kinematics), tabulated values for the energy loss
of particles (summarized in appendix A) and the characteristics of the ACTAR detector.

4.1 Transfer reactions on 78Ni

Doubly-magic nuclei have traditionally formed the cornerstones of our understanding
of nuclear physics. These nuclei have proton and neutron shells which are completely
filled and so they have a particularly simple structure. Their properties and those of their
nearest neighbours have constrained key ingredients of nuclear structure theories, such
as single-particle energies and effective interactions. Doubly-magic nuclei are also es-
sential to be used as the cores for shell-model calculations. This allows the model space
to be substantially reduced and makes the shell-model calculations of heavy nuclei fea-
sible. If we consider the classical shell gaps known from studies of stable nuclei, the
doubly-magic nucleus with the largest imbalance of neutrons to protons is 78Ni. It is
clearly of great interest to establish whether 78Ni is indeed a doubly-magic nucleus and
then to study its structure. It therefore represents a crucial testing ground for the struc-
ture of very neutron-rich nuclei, where the most unusual nuclear structure is expected
to develop. Studies of the single-particle properties and shell structure of nuclei in the
region of 78Ni, as well as other doubly-magic nuclei, will thus be needed.

Here we consider an experiment where a 78Ni beam at 8 MeV/nucleon is used to
induce transfer reactions on the deuterium atoms of the ACTAR gas at atmospheric
pressure. Different reactions can potentially be studied simultaneously, if the different
sides of ACTAR are covered with Si-CsI telescopes. Indeed the protons coming from
the (d,p) reactions are emitted at backward angles in the laboratory for small centre
of mass angles, whereas (d,t) and (d,3He) produce tritons and 3He at forward angles.
Finally the deuterons from elastic and inelastic scattering are found close to 90 degrees
in the laboratory frame. The missing-mass method is applied to reconstruct the level
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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‡Supervised by Hervé Savajols and Patricia Roussel-Chomaz.

27

scheme of the heavy partner from the kinematical characteristics of the light recoil.
We immediately point out one of the strong advantages of an active target over

more classical devices. If a solid target CD2 is used, to keep a sufficient resolution in
the charged-particle spectra its thickness must be below≈500 µg/cm2, and hence≈125
µg/cm2 of D2, or 2×1019 atoms/cm2. In an active target filled with D2 at 1 bar pressure,
a vertex resolution of 1 mm corresponds to 3×1018 atoms/cm2, and hence to a very thin
target slice of ≈20 µg/cm2. Thus the influence of the energy loss for the final energy
resolution is only of about 20/500 with respect to the solid target. Nonetheless, using a
detector of 50 cm length, the total thickness will be ≈1021 atoms/cm2; this is 70 times
more than the solid target. This fact, combined with the geometric efficiency, means
that lower beam intensities can be used: while in practice solid target experiments for
such a reaction are limited to beam intensities above 104 pps, with the active target
good statistics results were obtained with beams in the range of 100 pps to 1000 pps
[21]. This implies that experiments performed with active targets allow studying two
isotopes further away from stability as compared to a solid target experiment.

To evaluate the performances of ACTAR for transfer reactions on 78Ni, detailed
simulations have been performed using the program ActarSim [51]. The program cal-
culates the ionization (in various possible gases) along the tracks of particles undergo-
ing the reaction of interest, the drift of the electrons in the electric field, their multipli-
cation in the amplification region and the signal collected on the pad plane. Different
amplification technologies can be implemented, as well as ancillary charged-particle
detectors surrounding the gas volume. For this simulation, the beam was described as
having an emittance of 10π mm mrad. The active volume was taken as a cube of 30
cm side; it was filled with deuterium gas at a pressure of 1 atm (1013 mbar) and room
temperature. The amplification was that of a Micromegas system (see section 5.4) and
the anode pads were squares of 4×4 mm2, located at the bottom of the cube. Si-CsI
telescopes were positioned on the left and right sides of the cube, and on the beam
entrance side of the chamber, optimizing for the detection of protons from the (d,p)
reaction. The arrangement is shown in Fig. 3.

At atmospheric pressure, the incoming beam loses 2 MeV/nucleon between the en-
trance and exit of the gas volume. The reaction energy has to be deduced from the
reconstruction of the vertex. This was systematically performed using the projection of
the tracks of the light particles (eliminating a “blind” region around the beam projec-
tion); the resolution on the vertex position was defined as the difference between the
reconstructed position and the original one, and it was slightly less than 2 mm FWHM
(thus less than half the pad size). At the rate of energy loss of the beam this corresponds
to 1.2 MeV of uncertainty on the beam energy, which can be completely neglected with
respect to the effect on the energy and angles of the outgoing light particles.

We assumed that 4 states were populated in the (d,p) reaction: the ground state,
and three excited states at 1 MeV, 2 MeV and 5 MeV respectively. Fig. 4 shows the
results of the simulation for the correlation between the range and the scattering angle
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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protons

beam

counter

telescopes

beam

Figure 3: Configuration of ACTAR for the measurement of (d,p) transfer reactions in
inverse kinematics. Two proton tracks are shown, one for large angles in the laboratory
frame (small centre of mass angles) for which the low-energy proton is stopped in the
gas volume; and the second around 90 degrees in the laboratory frame, for which the
proton escapes to one of the Si-CsI telescopes (some telescopes have been removed
from the view). The beam can be stopped in a counter for normalization and identifica-
tion purposes; alternatively, ACTAR could be coupled to an external beam detector or
spectrometer.

of the recoiling proton, for the different populated states. At large angles, the protons
are stopped in the gas volume and the states are clearly separated (see black, red, blue
and pink dots at large angles), showing that an energy resolution better than a few
hundred keV in the centre of mass frame can be achieved under these conditions. For
angles below 120 degrees, the protons have sufficient energy to escape the gas volume:
the nearly horizontal lines correspond to the geometric limits of the gas volume. For
completeness, the kinematic lines corresponding to elastic, inelastic scattering and (d,t)
reactions (excited states at 1 and 3 MeV in both cases) are also shown in Fig. 4. They
appear respectively close to 90 degrees and at the most forward angles. In these cases
too, the length of the trajectory of the light particle is limited by the geometry of the
gas volume. In order to get the full kinematics of these reactions, additional ancillary
detectors would be needed at forward angles.

The total energy of the particles hitting the array of Si-CsI telescopes is shown in
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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4. DETAILED PHYSICS CASES

Fig. 5, where the quantity is plotted as a function of the laboratory scattering angle.
The figure shows that a large fraction of the total angular range can be covered with the
present geometry, at least for the (d,p) reaction, elastic and inelastic scattering.

In Fig. 4 one can notice that the protons emitted when the 5 MeV excited state is
populated in 79Ni (pink dots) do not appear for angles larger than about 90 degrees in
the laboratory frame (centre of mass angles lower than 10 degrees). For such angles the
proton energy becomes lower than 400 keV, which corresponds to a track length of less
than 20 mm which was conservatively set as the minimum range value for which the
emission angle and position vertex could be safely determined. Such states at higher
excitation energy could be measured by setting a lower pressure to obtain longer tracks
and thus the full angular distribution. This was confirmed by simulations run at a
pressure of 400 mbar; on the other hand, at that pressure the protons from the transfer
to the ground state escape the gas volume at all centre of mass angles.

The geometric efficiency of the ACTAR detector in this configuration and for the
various channels is obtained from the simulation. For example for the (d,p) channel at
a pressure of 1 atm, the efficiency varies from about 28% of the total solid angle for the
transfer to the ground state, to about 22% for the transfer to the state at E∗ = 5 MeV.
To obtain the corresponding yields, one would have to fold in the efficiency, which
depends upon the scattering angle, with the angular distributions of the cross section.
We can nevertheless make a crude estimate for a constant cross section of 1 mb/sr in
the covered range: with a beam intensity of just 103 pps, about 10 events/h would be
detected for a target slice of 1 cm (corresponding to a range in the centre of mass energy
of the scattering of less than 100 keV), i.e about 300 events/h for the whole detector.

The dynamic range required to detect the beam particles together with the light re-
coil nuclei can be extremely large, because of the very different specific energy loss
dE/dx. At a pressure of 1 atm, the beam particles (8 to 6 MeV/nucleon) deposit
about 700 keV/mm; protons which are stopped in the gas deposit a little more than
10 keV/mm at the Bragg peak, but more energetic protons may deposit less than 1
keV/mm (0.5 keV/mm at 20 MeV: see Fig. 23 in appendix A). To detect the light ions
stopped in the gas volume, also on trajectories close to the beam, the electronic system
will ensure a dynamic range of at least 102. For particles escaping the gas volume, the
energy will be recorded in ancillary detectors; however, to relax the requirements on
the granularity of the latter, it is desirable to detect the tracks of such particles in the
gas. For this purpose, the corresponding areas of the pad plane will amplify the electron
signal with a higher gain than the area of the beam projection, utilizing the technologies
that are described in section 5.5.

These simulations show the performances that can be expected for such type of
experiments with beams produced by SPIRAL2 in this energy region, since the kine-
matics is mainly determined by the mass of the light partner. The necessary intensity
for this type of experiment is as low as 103 pps.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Figure 6: Resonant reactions in a thick target in inverse kinematics: the energy of
the beam is degraded through the target, and reactions mainly occur at centre of mass
energies corresponding to a resonance. The beam is stopped in the target, while the
light recoil escapes and is detected and identified at small angles.

4.2 Resonant reactions: 26Ne+p

Resonant reactions are used to gain access to states of the compound nucleus, which lie
above the threshold for breakup into the colliding particles. In section 3.4 we mentioned
how resonant elastic scattering is a valuable tool for nuclear spectroscopy studies via
the population of isobaric analog states (IAS). Here we consider the 26Ne+p resonant
scattering to populate the isobaric analogs of states in 27Ne. This nucleus is of interest
as the presence of an excited state with negative parity [52, 53] points to the reduction
of the N = 20 shell gap in this region. A 26Ne beam is available for example at SPIRAL
with an intensity of a few 103 pps.

In resonant elastic scattering measurements, the beam energy and the target thick-
ness are chosen so that the energy range of the states of interest is covered by degrading
the beam through the target (see Fig. 6). The recoiling light particles are detected at
forward angles, and the centre of mass energy of the scattering is reconstructed from
the kinematics (angle and energy of the light particle). Information about the spin and
parity of the state can be obtained from the angular distribution, and also, in some cases,
from a fit of the shape of the resonance. Usually a thick target is used to completely
stop the incoming beam, so that the light particles can be detected around zero degrees
(in the laboratory frame) in a charged-particle telescope. Either a solid target (CH2, for
proton scattering) or a gas target (for He or proton scattering) can be used. A rather
good resolution can be achieved thanks to the inverse kinematics conditions; at 0 de-
grees (180 degrees in the centre of mass frame), the centre of mass energy Ec.m. at the
scattering point (energy of the resonance) is related to the energy of the recoil light
particle Er through the ratio of the masses of the target and projectile:

Ec.m. = Er
mp +mt

4mp
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.

References
[1] W. Mittig et al. Nucl. Phys. A, 722:10c–16c, 2003.

[2] C.E. Demonchy et al. J. Phys. G: Nucl. Part. Phys., 31:S1831, 2005.

[3] C.E. Demonchy et al. Nucl. Instr. and Meth. A, 573:145, 2007.

[4] B. Blank et al. to be published.

[5] J. Giovinazzo et al. Phys. Rev. Lett., 99:102501, 2007.

[6] M. Caamano et al. Phys. Rev. Lett., 99:062502, 2007.

[7] C. Monrozeau et al. Phys. Rev. Lett., 100:042501, 2008.

[8] W. Mittig et al. Eur. Phys. J. A, 25:263, 2005.

[9] I. Tanihata et al. Phys. Rev. Lett., 100:192502, 2008.

†Address for correspondence: Facultad de Fı́sica (USC/Campus Sur), Departamento de Fı́sica de Partı́culas, E-15706 Santiago de Compostela, Galicia (Spain), Email: hapolyo@usc.es
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4. DETAILED PHYSICS CASES

which reduces to Ec.m. ≈ Er/4 for proton scattering, with a corresponding reduction of
the error. However, the resolution degrades very rapidly with the angle of the recoil
particle, and only the events around zero degrees can be used to measure the excitation
function.

A problem can occur if the projectile nucleus has low-lying excited states, because
inelastic scattering cannot be separated; its contribution is usually neglected. But the
most important limit is represented by the small solid angle for the detection of the light
particles, which makes it necessary to have rather high beam intensities to perform such
measurements. In the case considered here, with a detector covering the forward angles
at±10 degrees from the beam direction at a distance of about 10 cm from the scattering
point, one can calculate that the number of events originating from a resonance width
of 100 keV is about 0.3 per hour, for a beam intensity of 103 pps and an average cross
section through the resonance of 100 mb/sr.

The use of an active target brings two significant advantages to this method. On one
side, the position of the reaction vertex can be directly detected from the projection of
the tracks on the pad plane or, for scattering at zero degree, by the change in the charge
profile on the pads. The resolution in terms of centre of mass energy depends upon
the energy loss rate of the beam and thus the gas pressure. In order to stop the beam
(26Ne at 3 MeV/nucleon, corresponding to a compound nucleus excitation just above
the position of the IAS of the 27Ne ground state) in about 40 cm of gas, a pressure of
50 mbar of isobutane is sufficient; at an energy loss of about 12 MeV/(mg/cm2) (value
at the energy of the IAS resonance) this translates into a distance of 20 mm for 100
keV of energy loss. The vertex position is determined by the intersection of the tracks,
and its resolution is better than the pad size; we make here a conservative estimate of
1 mm corresponding then to a centre of mass energy resolution of 5 keV; this should
be compared to the 30 keV obtained in a similar measurement with a solid target [54].
This configuration, however, would place the IAS (ground state) resonance near the
entrance of the chamber, preventing seeing resonances at higher energy; in addition,
the recoil protons would have a large range in the low pressure (already 15 cm for an
energy of 1 MeV), escaping the gas at all positions around the volume.

A more convenient configuration is that using a higher beam energy and a higher
pressure, in order to place the resonance of the ground-state IAS closer to the end of the
chamber: for example, at 8 MeV/nucleon and 200 mbar the scattering would take place
after at 40 cm from the entrance of the chamber. This allows measuring a more extended
excitation function, but especially makes it possible to exploit the second advantage of
the active target, which is the determination of the full kinematics: the recoil proton
(angle and energy), the vertex position and the range of the scattered beam nucleus
are measured (the latter is unique to active targets). With this information, the events
where the protons are scattered at angles larger than a few degrees can also be used
to measure the excitation function without any loss of resolution; and events due to
inelastic scattering can be completely separated.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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The range of the recoil protons, calculated from their energy after the scattering, is
shown in Fig. 7 as function of the scattering angle. The forward scattered protons have
energies up to almost 10 MeV, and cannot be stopped in the gas. ACTAR can be ar-
ranged as shown in Fig. 8, with ancillary detectors placed in the forward direction. The
beam energy and the pressure are tuned so that the recoil protons from the ground-state
IAS resonance are either stopped in the ancillary detectors or in the gas volume. With
this arrangement the efficiency increases significantly (a few hundreds times) with re-
spect to a solid target. To correctly estimate the gain in yield, a full simulation should
be made taking into account the angular dependence of the cross section; but it is al-
ready possible to conclude that an improvement of a factor 50 to 100 in statistics is
achievable, making the measurement feasible with the present SPIRAL 26Ne beam.

Other resonances, higher in energy, are situated in regions closer to the target en-
trance and produce protons at higher energy, for which the detection efficiency is lower
as they may escape through the sides of the gas volume. We observe however that
the information about the scattering energy (assuming an elastic scattering) can be re-
constructed from the range of the scattered beam nucleus and the angle of the recoil
proton.

In this illustration of the performances of ACTAR we have supposed that it is pos-
sible to detect at the same time the heavy beam nucleus and the light recoil proton. The
energies deposited by the two particles in the gas are very different, as shown in Fig.
23 in appendix A. There is a factor ≈500 between the maximum energy deposited by
26Ne and the minimum energy of protons when they recoil in the forward direction at
about 10 MeV energy. This factor dictates the dynamic range in ACTAR, as specified
in the requirements listed in Table 1. It has to be achieved by a combination of the
electronic system GET and other specific solutions for the various cases. Here, one
can use a lower amplification on the central area of the pad plane, where the projection
of the beam track occurs (the methods are discussed in section 5.4). For the protons
diffused close to zero degrees, thus in the beam path, accurate information about the
energy and angle can be obtained by using a finely segmented silicon detector covering
a few square centimeters. For larger angles the proton recoil out of the beam path and
their direction can be measured in the gas volume; the ancillary detectors in the for-
ward direction would complete the information on the energy, but they do not need to
be highly segmented.

4.3 Inelastic scattering and GRs: 56Ni(α ,α’)

The measurement of this type of reaction has already been performed using MAYA
[23], with a 56Ni beam at 50 MeV/nucleon, delivered by GANIL, and deuterium
as detection gas and target nucleus. The available beam intensity was 106 pps, but
MAYA could only accept 5× 104. From the detection of the inelastically scattered
deuterons (angle and energy, the latter deduced from the range of the deuterons), the
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

200 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

400 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

800 mbar

Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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4. DETAILED PHYSICS CASES
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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giant monopole (GMR) and giant quadrupole resonances (GQR) in the excitation spec-
trum of 56Ni were observed with a resolution of a few MeV. In order to detect the small
signals of the deuterons, the beam was shielded with two plates above and below its
path, to prevent the electrons created by the beam particles from reaching the amplifi-
cation wires. As a consequence, part of each deuteron track was lost; and the vertex of
the reaction could not be measured with great accuracy.

With ACTAR the study of this reaction could advance further, with improvements
both in efficiency and resolution. The measurement of the isoscalar giant dipole reso-
nance (ISGDR), situated higher in excitation energy at about 30 MeV in 56Ni, would
also become feasible; and the microscopic structure of the GRs could be investigated
by detecting the protons emitted in the decay [56].

As detection gas we consider a mixture of He and CF4. Helium is a better target
nucleus than deuterons for these reactions, as it ensures a larger cross section and less
background from other reaction channels (for example deuteron breakup). CF4 is added
as a quenching gas, allowing to operate the amplification stage at a tension high enough
to have the necessary gain, without incurring in discharges; our recent tests showed that
5% of CF4 is sufficient.

The gas pressure should be set high in order to have the largest possible target
thickness; at the same time the range of the recoil α particles should be long enough to
ensure a good resolution in the determination of their energy. In addition, the detection
of the α’s should be covered for angles up to about 10 degrees in the centre of mass
system, to allow performing a fit of the angular distribution and thus identify the GR
mode [57]. Notice that the beam particles do not play a role in the choice of the gas
pressure, because they only lose a fraction of their energy traversing the whole target.

Fig. 9 shows, for a given scattering point placed at the origin of the diagrams, the
loci of the α particles stopped in the gas (He + 5% CF4 at 1 bar pressure); elastic
and inelastic scattering with Q-values from −25 to −35 MeV are shown (the width
of the ISGDR is expected to be about 5 MeV [58]). The left panel shows that, at
this pressure, α particles with a centre of mass scattering angle up to 10 degrees are
certainly stopped in the gas volume; the right panel is an enlargement close to the
scattering point, that shows the resolution that can be achieved with ACTAR. The grid
reproduces the maximum expected size of the pads of ACTAR, 4×4 mm2; a position
resolution of 2 mm on the determination of the range corresponds to about 1.5 MeV
resolution on the Q-value of the reaction — or excitation energy of the 56Ni projectile.
We can see that for this physics case, a very good position resolution is crucial; in
any case, it is not useful to increase the pressure beyond 2 bar at maximum. The
angular resolution, on the other hand, is better than one degree in the centre of mass
system. This is important, because it allows a fit of the angular distribution, which can
help disentangling the various GR modes. A calculation of expected cross sections for
exciting GRs is shown in Fig. 10 (from Ref. [59]): the maximum for the ISGDR is
at about 2 degrees, corresponding to 20 degrees in the laboratory frame; even though
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Figure 9: Loci of α particles scattered (at the origin point of the plots) by 56Ni at 50
MeV/nucleon, both elastically and inelastically (Q = −25 to −35 MeV), after energy
loss in a He-CF4(5%) gas at 1 bar pressure. The energy loss calculations have been
performed using SRIM [55]. In the blow-up on the right panel, the grid reproduces the
maximum expected pad size for ACTAR.

those α particles have a low energy, about 1.5 MeV, they are well separated from the
beam track.

An estimate of the statistics can be made using an average cross section of 10 mb/sr
and assuming to detect particles between 2 and 10 degrees in the centre of mass frame.
With a beam of 106 pps and a target thickness of 1.2×1021 at/cm2 (50 cm at 1 bar) one
comes to a yield of about one event per second.

Some remarks should be made concerning the efficiency of the detector. Once
again, the heavy beam particles and the light recoils have different specific energy
losses (see appendix A), however the problem is less severe than in other cases: 56Ni
at 50 MeV/nucleon deposits less 500 keV/mm, while the slow α particles of interest
(10 MeV at maximum) deposit a few tens of keV/mm. This factor can be managed
by the GET electronics. The same electronics would be capable of dealing with an
incoming beam of 106 pps: the system would make a rapid pattern analysis of each
event, and issue a trigger only for those events for which a signal was recorded outside
the beam track. An actual limitation comes instead from the drift time of the primary
electrons generated in the gas; usually drift velocities are in the order of a few cm/µs,
which sums up to a few µs to traverse an important volume such as that of ACTAR.
After a scattering event, the following beam particle may enter the detector before all
the electrons are collected, for example if an α particle was diffused in the direction
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

200 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

400 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

800 mbar

Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Figure 10: Differential cross sections for exciting isoscalar giant resonances via the
(α ,α’) reaction on 208Pb calculated using the distorted-wave Born approximation (from
Ref. [59]).

opposite to the pad plane. The correlation between the beam particle and the light re-
coil is thus lost, and this can certainly be an issue for some measurements. In this case
however, all the information is collected from the light recoil, and there is no need for
a correlation: a beam rate of 106 pps can therefore be accepted. The final remark is
about the detection of those α particles that, in the normal ACTAR configuration, are
diffused “above” and “below” the beam with respect to the field direction: the much
stronger beam signal would shadow theirs, and those events would be lost. The size
of the beam shadow depends upon the spread of the beam signal on the pad plane: by
using planar amplification systems (section 5.4) such a spread is completely negligible
for what concerns the amplified signal (contrary to the induction from wires); and for
the other possibility, that of a lateral diffusion of the electrons in the drift volume, both
theory and simulations agree in estimating this to be a small effect, smaller than the
pad size. The efficiency loss due to the beam shadow is then rather small, limited to a
double “cone” occupying about 15%-20% of the full solid angle.

However a different arrangement of the drift field could be employed, orienting the
field parallel to the beam. The beam projection on the pad plane would then reduce to
a point, and all the recoil α particles (beyond, say, one degree in the centre of mass
frame) would be visible. Such an arrangement, completed by a confining magnetic
field, is the one designed for the TPC at MSU. In ACTAR, this would happen without
the magnetic field. The arrangement is also presented in section 5.5.

As mentioned at the beginning of this section, a further interesting possibility in
this kind of measurements is to observe the decay channels of the ISGDR and collect
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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proton

! particle

beam

stop

telescope

beam

Figure 11: Configuration of ACTAR for the measurement of inelastic scattering on
α particles and detection of charged particles emitted in the in-flight decay of the IS-
GDR. The beam can be either stopped before the telescope (as shown), or leave the gas
detector through a central hole in the telescope.

information about its fine structure; in particular we consider here the proton channels.
With about 20 MeV available for the decay, protons are emitted in flight within a cone
of almost 40 degrees aperture and with energies up to 130 MeV in the laboratory frame.
Their energy loss varies between 1 keV/mm for the slowest ones (8-10 MeV) down to
200 eV/mm for the most energetic ones. Their detection in the gas together with the
other particles is at the limit of the capabilities of ACTAR; in any case, protons are not
stopped in the gas and only the use of ancillary charged-particle detectors can provide
the energy information, which is necessary together with the angle to reconstruct the
Q-value of the decay. For the protons which cannot be seen in ACTAR, a segmented Si-
CsI telescope would be placed in the forward direction; the angular information could
be reconstructed using the position on the Si detector and the position of the vertex
of the inelastic scattering (a “delayed” correlation with the recoil α-particle can be re-
stored using the proton signals as trigger). The efficiency of such a setup would depend
upon the size of the telescope: a MUST2 module could reach about 20% efficiency.
Such an arrangement is shown in Fig. 11.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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4.4 Two-proton decay measurements

The decays of 45Fe [26] and 54Zn have been studied at GANIL/LISE3 with the Bor-
deaux TPC [24]. These measurements allowed to observe for the first time directly
the two protons emitted. In addition, the energy sharing between the two protons and
their relative angle are observables that are extracted from the data. Although the full
analysis is not yet finished, it is clear that other nuclei cannot be studied at GANIL,
simply because the production rates for other candidates like 59Ge, 63Se, and 67Kr are
too small in order to perform experiments on these nuclei.

However, in the future experiments with these nuclei can be performed at the Bi-
gRIPS separator at RIKEN. A proposal to search for these nuclei, to study their decay
and to determine whether they are two-proton emitters is accepted at RIKEN and waits
scheduling. In this first experiment, a silicon detector array will be used because of its
simplicity and in particular because it allows to determine the total decay energy with
high precision (typically with an uncertainty of 20 keV), whereas gas detectors only
reach uncertainties of the order of 150 keV. Once one of these nuclei is discovered to
be a two-proton emitter, it will be studied by means of a time-projection chamber in
order to determine the individual proton energies and the proton-proton angle.

For this purpose, a TPC of length of about 50 cm is needed to stop all fragmentation
products of interest in the active volume of the chamber. Due to proton ranges of
only a few centimeters (2.5 cm in a gas mixture of 90% argon and 10% methane at
atmospheric pressure), the chamber has to have a width and a height of about 10-15
cm only. However, the pad size should not exceed 2 mm to cover a sufficiently large
number of pads for the low-energy protons in order to correctly define the traces of the
protons. In the same sense, the projection time resolution has to be of the order of a few
tens of nanoseconds to achieve the same resolution in the third dimension. In addition,
due to the expected short half-life, the chamber, the electronics and the data acquisition
should allow to treat two subsequent events within a millisecond.

As the two-proton emitters are produced in very tiny amounts (typically 1-10 per
day), basically 100% detection efficiency is needed. This can be achieved due to the fact
that unambiguous identification of the implanted nuclei is feasible by means of time-
of-flight and energy-loss measurements. Then, these identified nuclei are correlated
with their subsequent decays. This time and position correlation eliminates basically
all background.

Although the different fragment separators used for this physics have very good
performances in terms of rejecting contaminant fragments, the count rates at the end
of these separators are nevertheless of the order of a few tens to hundred events per
second. Therefore, the whole TPC system should be able to handle these rates.

A critical problem of the use of the ACTAR-TPC with two-proton radioactivity
studies is the dynamical range needed to observe protons and heavy ions with the same
setting of the gas and the electronics. A typical example is as follows: The heavy ion
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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4. DETAILED PHYSICS CASES

(e.g. 59Ge) at the end of its track has an energy loss of 10 MeV per 2 mm (the pad
size). The following protons (typically 1 MeV) have an energy loss of 40 keV per 2
mm. Therefore, a dynamical range of 1000 is necessary if we do not want to saturate
the electronics for heavy ion implantations.

With such an implementation of the ACTAR-TPC, a total number of two-proton
events of some tens to hundred can be expected for a typical one-week experiment.
A shown by past experiments [26, 60], this will be enough statistics to compare the
experimental data to theoretical models in order to deduce the prime observables.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5 Design of the detector

The physics cases discussed in section 4 are based on the ambitious goals set for the
performances of the ACTAR detector. In order to reach such performances, each aspect
of the detector plays an important role: the geometry of the drifting field, the detection
gas, the amplification technology, the use of ancillary detectors, the front-end electronic
system for the data acquisition. One important aspect concerns the modularity of the
detector: its main components (field structure, amplification module, pad plane) can be
changed separately to obtain the optimal configuration for each measurement.

The breakdown of the detector in its components (Product Breakdown Structure,
PBS) is given in Fig. 12. In this section, each element is presented and discussed.

PBS

ACTAR

Chamber
Vacuum and
gas system

Field
structure
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Electronics
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and DAQ
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•Gas mixer Mechanics
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•Field guides

•Geometry

•Pad shape

•Amplification
technology

•Si, CsI

•Geometry

•Protection

•Electronics

•Data acquisition

•Slow control

•Calibration

•Security

•Stability

Figure 12: Product Breakdown Structure of the ACTAR detector.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5. DESIGN OF THE DETECTOR

5.1 Vacuum and gas system
The pumping station has to ensure the reliable operation and control of the gas flow
in the detector. A continuous, adjustable flow is necessary, to avoid degradation of the
conditions of the gas that may alter its detection properties. The pressure will have a
double control, manual and an automatic adjustment to correct for temperature changes
of the detection gas in order to keep a constant gas density. The unit will include
a turbomolecular pump and a backing pump for the rapid evacuation of the detector
chamber (volume about 150 l).

The gas control system will allow using pure gases and gas mixtures. The pure gases
are typically isobutane (C4H10), hydrogen (H2) and deuterium (D2), used in reaction
experiments where usually protons and deuterons act as target nuclei. Gas mixtures are
used when it is necessary to improve the detection characteristics of the gas of interest:
in decay experiments, methane (10%) is used with argon (90%); to study reactions with
He nuclei as targets, a quencher is added. As for pumps, such a gas control system is
standard equipment available commercially.

Because of the potential hazard of some gases, the gas handling system and the
local infrastructure will have to ensure safe operations.

5.2 Mechanics of the chamber
The chamber contains the actual detector. It will have to be designed taking into account
the following aspects:

• It has to accommodate and hold in position the detection volume, defined by
the structure creating the drift field (cathode and field guides) and the pad plane,
the ancillary detectors and the related cabling in the possible different geometric
configurations (see further in 5.3). Easy opening and access to each component
should be ensured.

• Coupling with magnetic spectrometers: the possibility to shield against the fringe
field has to be taken into account.

• The flanges will allow the passage of electric lines for the high-voltage (for the
fields and the ancillary detectors) and the signals. In particular the one for the
signals of the pads has to be designed carefully, taking into account the speci-
fications of the GET electronics. Another flange will allow the flow of the gas
(entrance and exit).

• For calibration purposes, a laser will be installed with the possibility of inducing
signals on all the pads. In addition, a system will allow introducing a calibration
source into the detection volume without opening the chamber. An example of
the latter system has already been designed for the MAYA detector.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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‡Supervised by Hervé Savajols and Patricia Roussel-Chomaz.

43

• A temperature probe inside the gas volume will transmit its data to the pumping
station for automatic correction of the pressure.

• At the interface with the volume of the beam line an entrance window will be
present; the detection volume will have to be shielded from particles scattered on
the window.

• The whole chamber should be certified for safe operation with pressures up to 3
bar and with explosive gases.

5.3 Field structure
The structure generating the drift field includes the cathode plate and the field guides
(the amplification element and the pad plane are discussed further). The voltage applied
(over a total field distance of about 30 cm) is typically 10-15 kV.

In order to allow the use of ancillary detectors for (light) charged particles escaping
the gas volume, the structure holding the field guides should be as “transparent” as
possible. The favourite solution is the use of thin Mylar foils (about 1.5 µm thick) with
aluminium evaporated on the foil surface to form the conductive tracks. The technique
is routinely used, for example for the large gas detectors built for the spectrometers at
GANIL.

Different structures will be manufactured, having different field geometries, namely
with the field lines either perpendicular or parallel to the direction of the incoming
beam, to be used in different experiments. The design will be supported by simulations
with appropriate codes such as Garfield [61] and Magboltz [62].

5.4 Amplification technology
As discussed in section 2.3, in order to ensure good performances (energy resolution
and uniform response) and use different gas mixtures, a planar solution is the one of
choice for ACTAR. With these methods, electrons are amplified in a high field zone that
is oriented as the drift field. The electrons are eventually collected on the pad plane,
which we will indicate from here on as anode.

Two solutions are attractive for ACTAR:

• Micromegas Micromegas (Micro-mesh gaseous structure) is a technology de-
veloped at Saclay [31]. The arrangement is illustrated in Fig. 13. A metallic
micromesh, typically 5 µm thick, separates the drift space from the amplification
gap, which is only about 100 µm. The uniformity of the gap is obtained using
different technologies [64, 65]; in the most recent versions, the spacers are pillars
with diameters as small as 50 µm.
A high electric field in the gap ensures the electron multiplication as shown in the
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

200 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

400 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

800 mbar

Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5. DESIGN OF THE DETECTOR

title

metallized quartz

Micro Mesh
(5 µm)Spacers

(every 2 mm)

Anode (pads)

Signal

3 mm

100 µm

-1000 V

-700 V

0 V

Figure 13: Arrangement of a Micromegas electron amplification device.

total charge in the avalanche, Np! gain. As shown
in Fig. 9, not much difference is observed between
the three noble gases. The discharge threshold
defined as the total avalanche charge for which the
discharge probability reaches 0.1% is about 1:3!
107: The mixture argon–CO2 is a preferred choice
since it is a fast nonflammable gas which is known
to be less prone to induce aging. With a discharge
threshold at 0:5! 107; this mixture is seen to be a
factor 2.6 worse than isobutane based mixtures. In
Fig. 10 we show how the discharge threshold
changes with the volume proportion of isobutane
in a mixture with helium. The total avalanche
charge is plotted as a function of the concentration
of isobutane for two amplification gaps. It is seen
that the discharge threshold increases when the
quencher concentration diminishes. The effect is
not negligible since varying the concentration from
16% to 4% results in an increase of the threshold
by a factor of about 7, for both values of the gap
thickness. From this figure we also deduce that a
smaller gap corresponds to a higher threshold.
This behavior was also observed for other noble
gases.

In Fig. 11 we present the current pulses mea-
sured with a fast preamplifier witho1 ns rise time,
for the 55Fe source. The primary charge produc-

tion is well localized around the position where the
photoelectric effect occurred since the photoelec-
trons range is very short. All electrons arrive
grouped in time in the amplification gap and the
signal can be considered as the impulse response of
the detector. The sharp peak at the beginning of
the signal represents the contribution of the
electrons mostly produced close to the anode and
the long and constant tail is due to the migration
of the ions through the 120 mm amplification gap.
The current pulse for the 243Am source is shown in
Fig. 12. In this case the primary charge is
distributed uniformly throughout the conversion
gap. The observed signal consists of a uniform
distribution convoluted with the impulse response
of Fig. 11. The rise time allows to estimate the
electron drift velocity through the 3 mm conver-
sion space. Here we have about 85 ns which gives a
electron drift velocity of about 3:5 cm=ms in good
agreement with other measurements for this
mixture of neon and isobutane (91–9%) and a
drift field of 2 kV=cm at atmospheric pressure.

We have also tested aging and resistance of the
detector against discharges using a mixture of
helium and isobutane (91–9%) and a 50 mm
amplification gap. The gain at the beginning was
55,000 for a sparking rate of 33 Hz: The average
charge involved in each spark was 26 nC: Each
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Figure 14: Left: simulation of the avalanche of an electron as it comes to the region
of high field. Right: corresponding current pulse with the fast electron signal and the
slower ion signal (taken from Ref. [63]).
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Figure 15: Left: electron microscope picture of a GEM device. Right: sketch of the
working principle of a GEM.

simulation on the left panel of Fig. 14. The signal recorded on the anode, on the
right panel of the same figure, has a very fast component (less than 1 ns) due to
the collection of the electrons, followed by the induction due to the movement of
the ions; the latter is however also reasonably short (about 200 ns) because of the
reduced size of the gap (ions are almost entirely collected on the grid). Besides
the high rate capability, these detectors have proven very robust, as discharge is
not destructive [66]. Gains reach easily factors from 103 to 105, with an intrinsic
resolution that in some conditions can be better than 1% [32]. Another not negli-
gible advantage is that the manufacturing is rather inexpensive: the cost is of the
order of 5 e/cm2.

• Gas Electron Multipliers (GEMs) GEMs were designed at CERN [25]. An
electron microscope picture of such a device is shown in Fig. 15: it consists of
a Kapton foil, 50 µm thick, covered with copper on each side, and perforated by
bi-conical channels. A voltage (some hundreds volts) is applied between the two
surfaces; the field lines focus through the hole, where the field intensity reaches
values which are sufficient to trigger the electron multiplication. The electrons
are then driven by a transfer field to the anode (on the bottom in the picture),
giving a very fast signal with almost no tail due to the positive ions. The GEM
holes are totally free after less than 1 µs, allowing detection at high rates. An
advantage of the GEM configuration is the flexibility, as they are de-coupled
from the anode. For example, even though it is possible to obtain large gains
employing only one GEM, usually two or three GEMs are arranged in cascade
and operated at lower voltage, with a significant improvement in stability. As for
Micromegas, GEMs too are relatively inexpensive (less than 1000 e to equip an
area like the anode of ACTAR).
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5. DESIGN OF THE DETECTOR

The two devices, collectively called micro-pattern gas detectors, have similar per-
formances; the differences may depend on the operating conditions (type of the gas,
voltage applied). Micromegas has shown higher breakdown limits [67]. Since these
detectors were conceived mainly for the measurement of high-energetic leptons, not
much is known about the performances in presence of much stronger signals such as
those induced by light and heavy ions. For example, for ACTAR we are interested in
the energy resolution for such signals. For this reason, tests with the two modules are
foreseen in the course of the ACTAR project (section 6.1.3).

The tests investigate the performances (gain as function of applied voltage, dis-
charge limits) for different gas mixtures, in search of the optimal conditions for the
detection of the signals of interest in the various physics cases identified for ACTAR.
The first measurements have already been carried out at IPN Orsay with a Micromegas
module on a pad plane, and with various gas mixtures containing He; the results are
part of the report of the ACTAR JRA [5]. Other tests have started at GANIL.

One feature of particular interest concerns the possibility of having different gain
factors in well-defined areas of the amplification zone. Typically, this would allow the
simultaneous detection of the very strong signals from a heavy beam particle along the
projection of the beam trajectory, and of the much weaker signals from the scattered
light ions. This may be achieved for example with GEMs, placing (additional) modules
outside the region of the beam projection. With Micromegas, there is the possibility
of using the coupling to the anode by applying different bias voltages on the pads in
the different regions, thus effectively modifying the value of the amplification field;
another method consists in using a special micro-mesh, formed by weaving together
metallic wires in one direction and insulating ones in the other, to give the possibility
of applying a different voltage in separate areas.

5.5 Anode

The anode collects the electrons generated in the amplification zone. It is segmented
into pads, in order to allow the independent collection of energy and time information
from more than two tracks.

By using GEMs or Micromegas, the amplification zone is very close to the anode
surface. Because of this and the field orientation, there is no spreading of the electron
signals on different pads as it happens, for example, using wire amplification in MAYA.
This means that the size of the pads represents the limit to the spatial resolution. More
precisely, for a given particle energy the resolution depends on the ratio between the
size of the pads and the length of the tracks in the gas, where the latter is determined by
the gas pressure. In principle, and within certain limits, these quantities can be scaled
together with the size of the whole anode, resulting in about the same performances. It
has already been discussed in section 2.3 that mechanical constraints limit the minimum
size of the pads, to accommodate the connectors; on the other hand, the area that is
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Figure 16: Effect of the pad shape: on the square pads (right) the two tracks induce
the same signal. By using a triangular form (right), the two signals differ, because the
fraction of the projection on the pad depends on the position. The information can be
correlated with that of neighbouring pads to increase the resolution.

ionization charge clusters arriving at the TPC endplate will
then often be confined to only one or two pads. This makes
the anode pad centroid determination difficult and results
in loss of resolution. Reducing the pad width to improve
resolution will require a larger number of readout channels
and increase the detector cost and complexity.

In an attempt to improve the charge centroid determina-
tion and hence the spatial resolution for wide pads, a novel
concept of position sensing from charge dispersion [9] has
been developed where the MPGD anode is made of a thin
high surface resistivity film. The resistive anode is bonded
to the readout plane with an insulating layer of glue, which
acts as a dielectric spacer between the two planes. The
composite anode-readout pad plane structure forms a
distributed 2-dimensional resistive-capacitive network.
Any localized charge arriving at the anode surface will be
dispersed with the RC time constant determined by the
anode surface resistivity and the capacitance per unit area,
the latter determined by the spacing between the anode and
readout planes and the dielectric constant of the glue. With
the avalanche charge dispersing and covering a larger
number of pads with time, wider pads can be used for
position determination. The charge dispersion process can
be completely described by material properties and
geometry and, in contrast to diffusion which is statistical
in nature, there is no loss of accuracy in determining the
centroid of a wider distribution. Fig. 1 shows the
schematics of the double GEM test cell used in our initial
tests of the charge dispersion readout concept.

The first proof of principle tests of charge dispersion for
the GEM were carried out using a collimated soft X-ray
source and have been previously published [9]. These were
followed by cosmic ray resolution studies of a prototype
TPC read out with GEM [10] and with Micromegas [11]
using the charge dispersion technique. In this paper, we
present the results of a detailed simulation of the charge
dispersion phenomenon based on the model described in
Ref. [9]. The charge dispersion effect is first calculated
for a single point-like charge cluster deposited instanta-
neously on the resistive anode. The finite extent of the
charge cluster due to longitudinal and transverse diffusion,
the effects of intrinsic rise-time of the MPGD charge pulse

and the rise- and fall-time effects in electronics are then
included. Track signals can be generated by summing
signals due to individual charge clusters along the
track. The simulation is in excellent agreement with the
observed features of charge dispersion and can be used to
optimize the charge dispersion readout system parameters
for TPC.

2. Modeling the charge dispersion phenomena

If a charge is deposited on the resistive anode, the
equation describing the time evolution of the surface
charge density function on the two-dimensional continuous
RC network is given by [9]:

qr
qt

¼ h
q2r
qx2

þ
q2r
qy2

! "
, (1)

where h ¼ 1/RC.
The solution to Eq. (1) for a resistive anode of finite size

is an infinite Fourier series. A closed form solution
becomes possible, however, for the case of a delta function
point charge deposited at x ¼ y ¼ t ¼ 0 and when the
edges are at infinity:
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The true initial charge profile is not a delta function but has
a finite size and can be described by a Gaussian with a
width determined by transverse diffusion. For a cluster
with charge Nqe, the anode surface charge density as a
function of space and time is obtained by convoluting Eq.
(2) with the Gaussian describing the finite charge cluster of
width w:
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The charge on a pad can be found by integrating the charge
density function over the pad area:
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where xlow, xhigh, ylow, yhigh define the pad boundaries, and
sxy ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2thþ w2

p
.

The charge is also not deposited instantaneously. The
detector pulse has a finite intrinsic rise time and the signal
is also affected by electron arrival time spread due to
longitudinal diffusion. To compare to experiment, the
characteristics of the front-end charge preamplifiers need
also to be included. The parameterization of these time
dependent effects is described below.
The intrinsic rise-time of the detector charge pulse: From

Ramo’s theorem [12], the charge pulse on the GEM anode

ARTICLE IN PRESS

Fig. 1. Schematic of a double GEM test cell designed for charge
dispersion studies.

M.S. Dixit, A. Rankin / Nuclear Instruments and Methods in Physics Research A 566 (2006) 281–285282

Figure 17: Scheme of a double GEM amplifier and anode with resistive layer (from
[68]). The charge is distributed on the neighbouring pads.

covered by ancillary detectors should not be too large.
The present technology certainly ensures a pad size of 4×4 mm2, and other solu-

tions are being considered that would allow a smaller size. In parallel, other methods
are at study to improve the spatial resolution beyond the limit imposed by the size. Two
ways are being considered:

• An adapted design of the pad shape: the principle is illustrated in Fig. 16. For
certain pad shapes, it is possible to extract more precise information about the
position of the track on the pad. In practice, this method requires a very good
calibration and uniform response of the pads. The influence of the electronic
chain can be important; such effects will be investigated.

• Use of a resistive layer on the pad plane: the resistive layer has the effect of
spreading the charge on a larger area, to the neighbouring pads (see Fig. 17). The
centre-of-gravity method can then be applied to derive the centre of the distribu-
tion, with a precision better than the pad size. This technology is being developed
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5. DESIGN OF THE DETECTOR

electric
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Figure 18: Left: planar configuration, with the field perpendicular to the beam direc-
tion. Right: axial configuration.

by several groups (for example see Ref. [68]) with very encouraging results: it
was possible to achieve resolutions of 1/40 of the pad size. The disadvantages are
a worse separation of tracks; and, especially, a change of the time characteristics
of the signals, with a rise time that is in the range of a few hundreds nanosecond.

The cost of anodes, like for amplification stages, is affordable. This will allow
investigating the solutions mentioned above with tests employing several different an-
odes, besides using simulations. In fact the intention is to produce different anodes,
satisfying the needs of the various physics cases. As we have seen, this flexibility will
be a characteristic of the whole detector. An example is shown in Fig. 18, where two
geometries are shown, with the field perpendicular to the beam direction (planar config-
uration) or parallel (axial configuration). The second arrangement is useful to minimize
the projection of the beam tracks.

5.6 Ancillary detectors
Charged-particle detectors can be placed around the drift volume to catch the escaping
ions. The tracks of such particles would still be visible in ACTAR, providing the posi-
tion information; the ancillary detectors would complete the information about the en-
ergy of the particle. Identification of the particle could also be made, using the recorded
∆E–E.

The ancillary detectors should have an energy resolution at least comparable with
that of ACTAR, while a high segmentation is not required. For backward angles, where
only low-energy light particles are expected, silicon detector are the obvious choice.
For intermediate and forward angles, multiple-stage detector would be necessary to
stop the most energetic light particles. As with other components, the configuration of
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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these detectors will be adaptable for different measurements, covering the angles where
the particles of interest are expected. Thus it will not be necessary to reach a complete
coverage of the whole detector.

Even though there is no need for a high segmentation, the area of each silicon
detector should not be too large, to avoid a large capacitance and preserve a good energy
resolution. Even with detector sizes of the order of a few centimeters on each side,
the total number of channels would easily run into the hundreds. A very interesting
option for the electronics of the ancillary detectors is that developed for MUST2 and
also used in MUSETT, based on ASIC chips. It is an integrated solution, with all the
electronics concentrated on a card which manages a large number of channels in a
multiplexed mode. This would provide a reliable system, greatly reducing the amount
of cabling inside and outside the detector. An attractive possibility would even be that
of integrating the ASIC chip of MUSETT (ATHED) into the GET electronics.

An issue to be considered is that of insulation of the surface of the ancillary detec-
tors from the drift field. We already mention in section 5.3 that, to ensure transparency
for the escaping particles, the field guides would be metallic strips evaporated on thin
Mylar foils. A second, insulating Mylar foil can be accommodated between the first and
the surface of the detectors, increasing protection and reducing the chance of discharge.

Size of the ACTAR detector

Clearly the cost of the ancillary detectors is a crucial factor in the determination of
the overall size of ACTAR. From the point of view of performances, the physics cases
illustrated in section 4 show that such results can be achieved when a spatial resolution
of 2 mm is attained in a detection volume which is roughly a 30 cm-size cube. Such
spatial resolution should be feasible with pads with a linear size larger than 2 mm –
possibly already with 4×4 mm2 pads.

Still, it is obviously important to explore all the possibilities to reduce the overall
dimensions of ACTAR by reducing the pad size further. If the technology allows 2×2
mm2 pads, the size of the detection volume could be safely reduced to a box of about
20×20×20 cm3. The number of ancillary detectors that the collaboration intends to ac-
quire, combined with the existing ones already available from the partners (see section
6.3) would allow a coverage of such a volume at the level of 40%, thus already very
interesting to perform the measurements discussed as physics cases for ACTAR.

5.7 Detection gases
The choice of the main component of the detection gas is dictated by the requirement
of the physics case. For reaction measurements, the gas should be mainly composed
of atoms of the target nuclei; for decay studies this constraint is not present, and an
element with a high stopping power is chosen. The list of gases, as function of their
use, includes a) isobutane (C4H10) or pure hydrogen (H2) for reactions on protons, b)
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5. DESIGN OF THE DETECTOR

deuterium (D2) for reactions on deuterons, c) helium (He) for reactions on α particles
and 3He, and d) argon (Ar) for decay studies.

A good detection gas should fulfill several requirements: operation at a low voltage,
high gain, good proportionality, rapid drift time for electrons, high rate capability. To
reach optimum performance, we have the following possibilities:

• Change the gas pressure: all other parameters the same, lower pressures corre-
spond to higher drift velocities. The effect on the gain, on the other hand, is
not trivial. For example for Micromegas, one can show that there is an optimum
value of the pressure [69]: below it (which translates in lower density of the gas
atoms) the number of electron multiplications becomes small in the amplifica-
tion gap; above it, the electron mean free path is short and electrons do not reach
enough energy to trigger a multiplication.
As a general rule however, the pressure should be chosen to optimize the physics
goals: to have a high target thickness but preserving a good spatial resolution; a
density sufficient to stop the incoming beam or outgoing particles as necessary.

• Change the drift field: within some limits (a few hundreds kV/cm, depending on
the gas), the drift velocity of electrons scales with the ratio E/p, where E is the
drift field and p is the pressure. Given the size of ACTAR, we expect to work
in such range; therefore the pressure and the drift field can be scaled together
keeping the drift velocity constant.

• Change the amplification voltage: in most cases the gain factor increases expo-
nentially with the applied voltage. To detect the weakest signals, one would nor-
mally choose the highest possible voltage, just below the discharge limit. How-
ever, with the signals generated by heavy ions, the gain may be even too high for
the electronics of the pads. The correct gain needs be found for each case. In this
respect, it is important to build a database with this information.

• Change the composition of the gas: even small quantities of a second gas
can change the properties of the mixture dramatically. For example, tetrafluo-
romethane (CF4) can be added to He to decrease the average energy necessary
to create an electron-ion pair, and thus obtain a better energy resolution; the drift
velocity also increases significantly, and effects are present on the gain factors.
For the same reasons, methane (CH4) is normally used in mixtures with argon.
If ACTAR is used as an active target, the added component should be kept as
small as possible, to reduce background reactions.

The test measurements foreseen within the ACTAR project (section 6.1.3) aim at the
determination of the best conditions with respect to these parameters, in particular with
attention to gas mixtures.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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5.8 Electronics and data acquisition: the GET project

The electronic system for the collection of the pad signals is of key importance for AC-
TAR. The reasons were discussed in section 2.3; Table 1 summarizes the parameters
on which the electronics can play a role. Already within the work of the ACTAR JRA
it became clear that a system having all the desired features would have to be a newly
developed one. For this reason a dedicated project was started: GET, General Elec-
tronics for TPCs [6]. A proposal submitted to the French National Research Agency
(ANR) has been accepted recently. This ensures that a prototype of the system will be
designed, built and tested in the next four years.

We recall here the main features of GET, its performances and the architecture.
GET is designed from the start to be a very flexible system. It takes into account the

needs of different detector devices, planned or under construction for measurements at
low and medium energies (ACTAR, the AT-TPC at MSU) and high energies (at FAIR
and RIKEN). The main characteristics are:

• A very high density at the front-end, where up to 30000 signals can be collected
from a small volume. Beyond the needs of ACTAR, the system is foreseen for
use with future, larger detectors also in high-energy physics.

• An unprecedented dynamic range, to cope with the very different signals gener-
ated in the gas: the ratio between the energy deposited by heavy incident beam
particles and light recoil nuclei can be as much as 3 orders of magnitude.

• An internal trigger possibility. In some experiments all the particles will be
stopped in the gas volume requiring this feature, not available in present TPCs.

• The possibility of recording the whole signal shape: the time evolution of the
signals can provide additional information regarding the spatial properties of the
track (for example to identify long tracks almost perpendicular to the pad plane).
The system will sample continuously the signals from the pads; to cope with
the different conditions of operation (different gases, pressures and drift fields,
that determine a large range of drift velocities), the sample rate can be adjusted
between 1 MHz and 100 MHz.

• A high data rate: the goal is to reach 1 kHz of accepted events. The corresponding
data throughput is very large (of the order of almost 1 Gbit/s) and has to be
handled by very fast connections (optical links are being used) between all the
parts of the system, but also by an effective data reduction at the beginning of
the electronic chain. This implies that each event needs to be pre-processed to
select only the events of interest, by employing fast algorithms implemented on
the front-end cards.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

200 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

400 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

800 mbar

Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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In many respects, these features make of GET a unique system in nuclear physics.
The architecture of the system is shown in Fig. 19. At the core of the system

there are ASIC chips named AGET, that process continuously the signals from the
pads (sampling at adjustable rates) through a preamplifier (which can be bypassed)
and shaper (with adjustable gains), and keep the information in a circular buffer (512
cells or less, programmable). A special feature foreseen for decay measurements is
that of splitting the buffer in two parts, the first to record the implantation event and
the second for the decay (within a programmable time), without performing a read out
in between and hence reducing the dead time to a very minimum. The buffer is read
out upon a trigger, that is originated from the signals provided by a discriminator in
AGET. Each AGET handles 64 channels. The front-end card ASAD accommodates
4 AGET and their corresponding ADCs (12 or 14 bits). The low-level trigger from
the pads is passed to the multiplicity and trigger card (MUTANT) that performs a fast
(programmable) pattern analysis and selects the events of interest. For a selected event,
the concentration cards (COBO: one card for 4 ASAD) perform the readout of the data,
a compression, and then send the information through a fast switch to a computer farm
for further processing and storing.

The MUTANT card can also trigger the system upon external signals, for example
those provided by beam detectors or ancillary detectors. The back-end card BEM has
the function of providing a clock that can be internal or external, acting possibly as an
interface to other data acquisition systems for their synchronization.

The system can be scaled: up to 9 COBO cards can be driven by a single MUTANT
(thus 9216 channels), and the system can be expanded up to three MUTANT cards.

Included in GET there is a control and monitoring system, through which the pa-
rameters of AGET (gain, threshold, sampling rate, buffer size, configuration for decay
measurements), COBO (data processing and compression) and MUTANT (trigger al-
gorithm) can be controlled. A way to automatically adjust the parameters of AGET
depending on the signal pattern (as elaborated by MUTANT) is under investigation.

The GET project will produce a prototype, to be tested with a TPC in an actual
physics experiment in 2012. The ACTAR project includes such test in its timeline.

At the interface between GET (the ASAD card) and ACTAR (the anode), the physi-
cal connection has to be studied to handle the high density of the pads. Such connection
has to include a device to protect the electronics from discharges occurring in the gas;
this is not included in the GET baseline project, because it may depend on the detector
(GET may be used for other types of detectors, like solid state ones). The arrangement
of the connectors is also important: depending on the expected occupancy of the pads
for a typical event, the occupancy of each COBO should be minimized to increase the
rate of the data flow. These aspects will be tested within the ACTAR project.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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6. PLANNING

6 Planning
This part presents a first plan for the ACTAR project. The timeline (section 6.2) is
consistent with that of the GET project, and takes into account the milestone of the
SPIRAL2 Preparatory Phase for the signature of a Memorandum of Understanding
(MoU). Concerning the resources (costs and manpower), a first evaluation is presented;
more accurate figures, including a breakdown into the participation of the different
partners, will be made after the consolidation of the collaboration and in view of the
signature of the MoU (Sep 2010).

6.1 Organisation - WBS
The Work Breakdown Structure (WBS) of the ACTAR project is shown in Fig. 20.
Table 2 gives the deliverables for each work package (WP). Here, like further when
discussing the resources, we do not indicate the assignment of activities to the partners
of the collaboration, because this aspect is still under discussion.

We present now the tasks and goals within each WP.

6.1.1 WP1 - Coordination

The coordination group will be typically composed of four people. Its duties are:

• Control the advancement of the project, coordinate the tasks;

• Keep a record and manage the available resources (finances and manpower).

• Inform the collaboration of the status of the project, through regular reports and
organizing periodic meetings. One general collaboration meeting will be held in
the fall of each year.

• Manage the relations with external parties such as future users;

• Promote and direct the negotiations to reach the signature of a Memorandum of
Understanding (MoU) between the partners. The MoU will include the guide-
lines for the management of ACTAR and its routine use after the completion of
the construction and commissioning phase.

6.1.2 WP2 - Physics support

The main aim of this WP2 is to define the physics specifications of ACTAR, and ensure
that they are implemented in the design. This work follows and builds upon the output
of the ACTAR JRA, where the range of interest for the new active targets was identified
along with specific physics cases. This WP will develop in further detail those cases,
arriving at the final list of the performances required from the detector.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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‡Supervised by Hervé Savajols and Patricia Roussel-Chomaz.

55

WBS

1.
Coordination

2.
Physics support 
and validation

3.
Tests

4.
Detector design
and assembly

4.1
Chamber

3.1
Gases and
mixtures

5.
Documentation

4.2
Anode

4.3
Ancillary
detectors

4.4
Electronics
and DAS

3.2
Anode

prototypes

5.1
Manuals

5.2
Directory

of material

5.3
Webpage

2.1
Physics
cases

2.2
Simulations

3.3
Test GET

4.5
Assembly and
commissioning

Figure 20: Work Breakdown Structure for the ACTAR project.

Table 2: List of the deliverables for each work package.

WP Deliverables Date

WP1 - Periodic status reports Every 6 months
- Memorandum of Understanding Sep 2010

WP2 - Report: physics cases Dec 2010

WP3 - Report tests gas mixtures Dec 2010
- Report anode prototypes Dec 2010
- Report test GET Dec 2012

WP4 - Technical design: chamber Jun 2011
- Technical design: anode Jun 2011
- Technical design: ancillary detectors Jun 2011

WP5 - Complete documentation All phases



56
Simulation of The Active Target Detector: ACTAR

H. Alvarez Pol1†, D.Y. Pang2‡, E.A. Benjamim1, D. Cortina-Gil1, W. Mittig2, P. Roussel-Chomaz2, H. Savajols2

1GENP, Univ. de Santiago de Compostela, 2GANIL
For the ACTAR collaboration

Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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6. PLANNING

The WP2 will coordinate the work of two auxiliary tasks.

• Task 2.1 - Physics cases The list of the physics cases will be evaluated in view
of the experimental and theoretical development in the field. The preliminary
selection (section 4) will be validated or changed in function of the relevance of
the scientific results that each measurement can bring.

• Task 2.2 - Simulations Each physics case will be studied through a complete
simulation of the related measurement as performed with ACTAR. The simula-
tion will eventually determine the values of the parameters for the ACTAR de-
tector, that will allow reaching the desired results in terms of accuracy, statistics,
resolution. The package ActarSim [51], developed within the ACTAR JRA, will
be used for this purpose.

This WP2 will provide the guidance for the other WPs in the project: besides pro-
ducing the basis for the design of the ACTAR detector (WP4) it will also follow closely
the activities of WP3 (tests). Possible technical constraints, either from the tests per-
formed within this project or from the specifications of the GET electronics, will have
to be taken into account in the evaluation of the detector possibilities. For this purpose,
regular communications with the tasks in WP3 and with GET will be kept.

The deliverable of WP2 is a report containing a) the final characteristics of ACTAR
(required performances); b) a list of key experiments with motivations and expected
results.

The report will be made available for the start of the technical design of the detector.
The activity of WP2 will still continue afterwards, keeping a supervision of the tests
(prototype and GET). Eventually, this activity should evolve into a support forum to
promote and guide the physics to be performed with ACTAR.

6.1.3 WP3 - Tests

A series of test measurements will be performed to investigate the possible solutions
for some aspects of ACTAR, in particular concerning the detection gases (and gas mix-
tures, section 5.7), the amplification technology (section 5.4), and the design of the
anode. In addition, an experiment is foreseen to test the full prototype of the GET
electronics (section 5.8) in line with the schedule of the GET project.

The tests will make use of the existing MAYA active target and Mayaito TPC.
Mayaito is a small chamber, about 30×3×3 cm3, which was designed to measure the
range of incoming ions in various gases.

Three tasks are identified within this WP:

• Task 3.1 - Gases and mixtures The properties of the gases and gas mixtures of
interest will be investigated, to build a knowledge about their characteristics. The
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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aim is to find the best operating conditions for the possible experiments (target
thickness, background reactions, drift velocity of the electrons, gain) by varying
the pressure, the applied voltages, and the composition of the mixtures. The first
tests of these kind already took place at IPN Orsay. At GANIL, both MAYA
and Mayaito will be used (tests with Mayaito are already in progress at GANIL;
measurements using MAYA are planned in the fall of this year).
A report will be produced at the end of these tests (end 2010).

• Task 3.2 - Anode prototypes For this task, various anode prototypes will be
manufactured, together with the corresponding amplification modules. Concern-
ing the latter, Micromegas, GEMs, and a combination of the two will be tested
with the aim of controlling the gain in different regions of the pad plane. For the
anode, the aspects illustrated in section 5.5 will be studied, namely the resolution
limits for different pad sizes. This will offer the chance of verifying solutions
which are at study to use smaller sizes than 4×4 mm2, in conjunction with the
first prototypes of the GET front-end cards (ASAD), which will be available in
2010. These tests will provide an essential feedback to GET for possible modi-
fications of ASAD or its components. It is noteworthy to mention that tests with
the ASAD card will also be performed at MSU, in the framework of the devel-
opment of the MSU AT-TPC [7]; both active target projects, and of course GET,
will benefit from the strong exchange of information which is in place between
the collaborations.
A report will be produced in correspondence with the ones from task 3.1 and
WP2, to serve as basis for the design of the anode of the ACTAR detector (WP
4.2). After the report, further tests will be still carried out, in the framework of
the GET project, of the new-version prototype cards of the system.
Mayaito, with its compact dimensions, is a convenient device to perform the
tests for this task; a system is already in place that allows changing the anode and
amplification stage, and the manufacturing of new modules is rather quick and
inexpensive. The first anode equipped with Micromegas is already available. It
is not excluded that a larger anode is built for tests using the MAYA assembly.

• Task 3.3 - Test GET This task is shared with the GET project. The aim is
to test and validate the prototype of the GET electronics; the test is an actual
physics case experiment to be performed at an accelerator facility. The detector
will be composed of a version of the ACTAR anode, having the required high
pad density. The MAYA chamber is the one of choice for installing this anode.

6.1.4 WP4 - Detector design and assembly

This WP is central, as it concern the actual manufacturing of the ACTAR detector. The
subdivision into tasks essentially follows the PBS (section 5).
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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6. PLANNING

• Task 4.1 - Chamber The design of the chamber will respond to the criteria listed
in section 5.2. The task includes the design of the structure holding the field
cage (section 5.3), the mechanics for the ancillary detectors, and the calibration
devices (source, laser). A complete technical design will be produced before the
construction phase.

• Task 4.2 - Anode This task is responsible for the design and manufacturing of
the anode or anodes, following the specifications provided by the reports of WP2
and WP3. This part includes the pad plane and the amplification technology,
since the two elements are connected. A technical design will be produced.

• Task 4.3 - Ancillary detectors Aim of this task is to define, starting from the
physics specification of ACTAR, the required system of ancillary detectors to
be put in place around the gas volume (section 5.6). The study phase will be
concluded by a technical design. The acquisition of the detector will take place in
phases; the first measurements will also employ detectors made available within
the collaboration.

• Task 4.4 - Electronics and DAQ The electronics of the system will be designed
and tested within the GET project. This task will provide a GET system tailored
to the ACTAR detector, purchasing the necessary electronic components and the
computing facilities for the Data Acquisition and Control system (DAQ).

• Task 4.5 - Assembly and commissioning The assembly will proceed with the
arrival of the components (electronics and ancillary detectors). An important
commissioning task will have to be performed on the electronic components.

6.1.5 WP5 - Documentation

This WP deals with the aspects relative to the collection and distribution of information,
both within the project and to external parties. It comprises three tasks.

• Task 5.1 - Manuals This task ensures the collection of all the information
about the hardware and software of ACTAR. User manuals, technical designs
and reports. It also carries the responsibility of verifying that the documentation
is complete, and take the necessary steps to ensure this goal.

• Task 5.2 - Directory of material A list of all the material related to the ACTAR
detector will be made and then constantly kept up to date. This task will continue
after the end of the project (commissioning of the detector).

• Task 5.3 - Webpage The ACTAR webpage will have a public section, dedicated
to the presentation of the detector to the public; and a private one, which will
collect the documents mentioned above plus internal news concerning the project,
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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such as minutes of meetings, reports on the status of the project. The webpage
will be maintained past the commissioning of the detector, as a communication
instrument for the collaboration.

6.2 Timeline

The timeline for the construction of ACTAR is shown in Fig. 21. A summary of the
expected timeline of the GET project is also given, as its development closely concerns
the ACTAR project.

As mentioned in the introduction, the collaboration is in a phase of consolidation.
In this process we benefit from the framework provided by the SPIRAL2 Preparatory
Phase project, that offers support for organizing purposes.

Beginning in the second half of this year (2009) and for a period of two years, the
collaboration will work on raising the funds necessary for the realization of this project.
The partner laboratories and institutes will apply to their own financial Institutions,
backed by the collaboration as a whole. During this period, negotiations will be carried
out to reach the signature of a Memorandum of Understanding, that will define the
terms of the commitment of the partners in the collaboration and will set up a structure
to manage the future of the ACTAR detector once it will have become operative. These
activities are coordinated within WP1.

The physics support (WP2) will be active throughout the duration of the project,
and beyond to eventually become a permanent forum with propositional and advisory
duties. It will interact with WP3 (guidance and feedback of tests) and WP4 (techni-
cal design of ACTAR), and will produce a report in December 2010 describing the
performances of the detector and the expected physics results.

The tests (WP3) of the gas mixtures and the anode prototypes are articulated as
illustrated in section 6.1.3 (the first tests with Mayaito are already in progress). The
tests of the anode include those for the amplification technology and the first tests of
the ASAD prototype (2010). After the reports in December 2010, tests of the GET
prototype cards will still be possible. The final test of the whole GET system will be
performed in 2012 using a version of the ACTAR anode.

The design of the parts of the ACTAR detector (WP4) will move from the reports
produced in December 2010. The design of the chamber, however, will start earlier, for
the definition of those mechanical aspects independent from its contents. All technical
designs will be completed in June 2011. They will be followed by the construction
phase; for the anode, a version to be used with an existing chamber (like MAYA) will
be produced by the beginning of 2012 for the test of GET.

The assembly of the detector and commissioning of the GET components will take
place in the second half of 2012 and first half of 2013.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Table 3: Description of the costs for the project, in ke (manpower not included).

WP Description Cost

WP1 Meetings, communication 20
WP2 Meetings, communication, visits 24
WP3 Anode protoypes 31

non-GET electronics 35
Total WP3 66

WP4 Gas handling system 20
Calibration Laser 30
Mechanics (incl. chamber) 40
Anode 20
Ancillary detectors (4× MUST2-type) 120
non-GET electronics 50
Computing 10
GET electronics 300
Total WP4 590

Total 700
Existing ancillary detectors:

Huelva (Si ∆E–E) 150
MUST2 (8× Si-CsI telescopes) 200

Total cost of the project 1050

Table 4: Detail of costs per year (ke).

WP 2009 2010 2011 2012 2013 Total

WP1 4 4 4 4 4 20

WP2 6 6 6 6 – 24

WP3.1 2 2 – – – 4
WP3.2 2 45 5 – – 52
WP3.3 – – – 10 – 10

WP4.1 – – 90 – – 90
WP4.2 – – 20 – – 20
WP4.3 – – 50 50 20 120
WP4.4 – – – 300 60 360

Total 8 59 167 372 84 700



62
Simulation of The Active Target Detector: ACTAR

H. Alvarez Pol1†, D.Y. Pang2‡, E.A. Benjamim1, D. Cortina-Gil1, W. Mittig2, P. Roussel-Chomaz2, H. Savajols2

1GENP, Univ. de Santiago de Compostela, 2GANIL
For the ACTAR collaboration

Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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6. PLANNING

6.3 Resources
Tables 3 and 4 present a summary of the estimated costs (excluding the cost of man-
power), and a distribution along the duration of the project. The main expenses are
those for the GET electronics and for the ancillary detectors. For the latter, we intend
in a first phase to acquire four three-stage telescopes (DSSD+Si+Si; the cost includes
the associated MUST2-type electronics), and to integrate them with existing detectors
available from within the collaboration; in particular, detectors from Huelva (Spain)
and from the MUST2 collaboration. The cost of these detectors is explicitly added in
Table 3 to obtain the total cost of the project. In a further future, outside the time frame
of this project, other telescopes will be added.

In Table 5 the summary of the required manpower is given; the detail for each task
is presented in Table 6. Concerning the physicists involved, there are two tasks (WP2.2
Simulations and WP3 Tests) where a large time occupation (50%) is required. These
positions could typically be fulfilled by postdocs hired for the specific task.

The GET project, financed by the ANR, will pursue the development of the elec-
tronic system; the scope of the project includes several instruments, that will utilize the
final product. This ANR project injects a strong impulse into the whole active target
programme, providing a very solid base for ACTAR. The ANR has financed the GET
project for 515,224 e (of the 545,814 e requested), covering the expenses for material
and missions, and 44 man-months of manpower in CDDs.

GET also represents a commitment from the participating partners. Concerning the
French laboratories, and besides the 44 man-months mentioned above (18 at IRFU, 26
at GANIL), IRFU provides a total of 114 man-months of permanent personnel on four
years; CENBG contributes for 80 man-months, and GANIL for 88 (of the latter, 18 are
on CDD).

Thanks to the support of the GET ANR and the recent inclusion into the SPIRAL2

Table 5: Summary of estimated manpower, in man-months (2009 and 2013 are on six
months).

2009 2010 2011 2012 2013 Total

Phy 12.6 25.8 28.2 21.6 10.8 99.0
Eng 3.0 6.6 2.4 10.8 4.8 27.6
Tec 1.5 4.8 9.0 7.8 1.5 24.6

Total 17.1 37.2 39.6 40.2 17.1 151.2
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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‡Supervised by Hervé Savajols and Patricia Roussel-Chomaz.

63
Ta

bl
e

6:
M

an
po

w
er

fo
rt

he
A

C
TA

R
pr

oj
ec

t,
by

se
m

es
te

r,
an

d
to

ta
lm

an
-m

on
th

s
(M

M
).

W
P

N
um

be
r

Fu
nc

tio
n

2/
20

09
1/

20
10

2/
20

10
1/

20
11

2/
20

11
1/

20
12

2/
20

12
1/

20
13

M
M

W
P1

4×
Ph

y
Pr

oj
ec

tc
oo

rd
in

at
io

n
10

%
10

%
10

%
10

%
10

%
10

%
10

%
10

%
19

.2

W
P2

1×
Ph

y
W

P
co

or
di

na
tio

n
10

%
10

%
10

%
10

%
10

%
10

%
10

%
10

%
4.

8
W

P2
.1

4×
Ph

y
Ph

ys
ic

s
ca

se
s

10
%

10
%

10
%

10
%

10
%

10
%

10
%

10
%

19
.2

W
P2

.2
1×

Ph
y

Si
m

ul
at

io
ns

50
%

50
%

50
%

50
%

50
%

50
%

50
%

50
%

24
.0

W
P3

1×
Ph

y
Ph

ys
ic

s
co

or
di

na
tio

n
10

%
10

%
10

%
10

%
10

%
10

%
10

%
10

%
4.

8
1×

Ph
y

Te
st

s
50

%
50

%
50

%
50

%
50

%
15

.0
1×

E
ng

Te
ch

ni
ca

lc
oo

rd
in

at
io

n
50

%
50

%
50

%
5%

5%
9.

6
W

P3
.1

1×
Te

c
Su

pp
or

tt
es

ts
10

%
10

%
10

%
1.

8
W

P3
.2

1×
Te

c
D

es
ig

n,
su

pp
or

tt
es

ts
10

%
10

%
10

%
10

%
10

%
3.

0
W

P3
.3

1×
E

ng
Su

pp
or

te
xp

er
im

en
t

10
%

10
%

1.
2

1×
Te

c
Su

pp
or

te
xp

er
im

en
t

10
%

10
%

1.
2

W
P4

1×
Ph

y
Ph

ys
ic

s
co

or
di

na
tio

n
10

%
10

%
10

%
10

%
10

%
10

%
3.

6
1×

E
ng

Te
ch

ni
ca

lc
oo

rd
in

at
io

n
10

%
20

%
10

%
10

%
10

%
10

%
4.

2
W

P4
.1

1×
Te

c
D

es
ig

n,
co

ns
tr

uc
tio

n
30

%
30

%
30

%
30

%
7.

2
W

P4
.2

1×
Te

c
D

es
ig

n,
co

ns
tr

uc
tio

n
30

%
30

%
30

%
5.

4
W

P4
.3

1×
Ph

y
D

es
ig

n,
pu

rc
ha

se
20

%
10

%
10

%
10

%
10

%
3.

6
W

P4
.4

1×
E

ng
C

oo
rd

in
at

io
n,

pu
rc

ha
se

20
%

20
%

20
%

3.
6

W
P4

.5
1×

E
ng

A
ss

em
bl

y,
co

m
m

is
si

on
in

g
50

%
50

%
50

%
9.

0
1×

Te
c

Su
pp

or
t

20
%

20
%

20
%

3.
6

W
P5

1×
Ph

y
Ta

sk
co

or
di

na
tio

n
10

%
10

%
10

%
10

%
10

%
10

%
10

%
10

%
4.

8
1×

Te
c

Su
pp

or
t

5%
5%

5%
5%

5%
5%

5%
5%

2.
4

To
ta

l
15

1.
2



64
Simulation of The Active Target Detector: ACTAR

H. Alvarez Pol1†, D.Y. Pang2‡, E.A. Benjamim1, D. Cortina-Gil1, W. Mittig2, P. Roussel-Chomaz2, H. Savajols2

1GENP, Univ. de Santiago de Compostela, 2GANIL
For the ACTAR collaboration

Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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6. PLANNING

Preparatory Phase, the ACTAR collaboration can enter into a phase of negotiations in
view of a signature of the MoU, and at the same time start the procedure for acquiring
the funds for the project.

In this respect, the evaluation of the project by the Scientific Council of the IN2P3,
when positive, represents an important step to generate a real commitment of the dif-
ferent partner laboratories and institutes to start this negotiation phase. We would like
to have such an evaluation, and possible suggestions on both the scientific and the or-
ganizational aspects.

When this first phase is completed, within a year, we will be able to present a
detailed work plan with the participation of each partner to the required resources.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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A Energy loss of ions
In this appendix we have collected data concerning the energy loss of ions in gases of
interest for ACTAR. The figures have been obtained from table calculated using SRIM
[55]. A comparison with the results of simulations made using ActarSim, which is
based on the CERN package GEANT4 [70], has shown that the differences for the light
particles are negligible, while discrepancies up to a factor of two have been seen for
medium-mass ions (Ni). The ions for which data are shown are representative of the
physics cases presented in section 4. The gases are C4H10, D2 and a mixture of 95%
He and 5% CF4. In all cases, a pressure of 1 bar was assumed; for other pressures, the
plotted quantities (range and energy loss) scale linearly.

Fig. 22 shows the range of ions as function of their energy. This relation can be
used in ACTAR to obtain the energy of particles stopped in the gas from their range.
The straggling is not indicated in the figure; its value is calculated by SRIM to be less
than 5% of the range, thus inducing a corresponding uncertainty on the measurement
of the energy. The functions have a similar behaviour for the three gases, as expected,
with a scaling factor due to the different densities, or more properly to the different
number of electrons which can absorb the energy of the traversing particles. The same
holds for the quantities presented in the following figures.

In Fig. 23 the specific energy loss dE/dx of the particle is plotted as function of
its energy. These graphs are useful to compare the energies deposited by the various
particles in different areas of the detector, for example close to the reaction vertex,
where their energies can be estimated.

Finally Figs. 24 and 25 give dE/dx as function of the range of the particle. From
these plot one can deduce the effective energy deposited by unit length on the detector,
and thus the amplitude of the signals which are expected on the pads.



66
Simulation of The Active Target Detector: ACTAR

H. Alvarez Pol1†, D.Y. Pang2‡, E.A. Benjamim1, D. Cortina-Gil1, W. Mittig2, P. Roussel-Chomaz2, H. Savajols2

1GENP, Univ. de Santiago de Compostela, 2GANIL
For the ACTAR collaboration

Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.

References
[1] W. Mittig et al. Nucl. Phys. A, 722:10c–16c, 2003.

[2] C.E. Demonchy et al. J. Phys. G: Nucl. Part. Phys., 31:S1831, 2005.

[3] C.E. Demonchy et al. Nucl. Instr. and Meth. A, 573:145, 2007.

[4] B. Blank et al. to be published.

[5] J. Giovinazzo et al. Phys. Rev. Lett., 99:102501, 2007.

[6] M. Caamano et al. Phys. Rev. Lett., 99:062502, 2007.

[7] C. Monrozeau et al. Phys. Rev. Lett., 100:042501, 2008.

[8] W. Mittig et al. Eur. Phys. J. A, 25:263, 2005.

[9] I. Tanihata et al. Phys. Rev. Lett., 100:192502, 2008.

†Address for correspondence: Facultad de Fı́sica (USC/Campus Sur), Departamento de Fı́sica de Partı́culas, E-15706 Santiago de Compostela, Galicia (Spain), Email: hapolyo@usc.es
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.

References
[1] W. Mittig et al. Nucl. Phys. A, 722:10c–16c, 2003.

[2] C.E. Demonchy et al. J. Phys. G: Nucl. Part. Phys., 31:S1831, 2005.

[3] C.E. Demonchy et al. Nucl. Instr. and Meth. A, 573:145, 2007.

[4] B. Blank et al. to be published.

[5] J. Giovinazzo et al. Phys. Rev. Lett., 99:102501, 2007.

[6] M. Caamano et al. Phys. Rev. Lett., 99:062502, 2007.

[7] C. Monrozeau et al. Phys. Rev. Lett., 100:042501, 2008.

[8] W. Mittig et al. Eur. Phys. J. A, 25:263, 2005.

[9] I. Tanihata et al. Phys. Rev. Lett., 100:192502, 2008.

†Address for correspondence: Facultad de Fı́sica (USC/Campus Sur), Departamento de Fı́sica de Partı́culas, E-15706 Santiago de Compostela, Galicia (Spain), Email: hapolyo@usc.es
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70 80

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

200 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

400 mbar
Theta_CM (deg)

0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

Theta_CM (deg)
0 10 20 30 40 50 60 70

E
ff

ic
ie

n
c

y
 (

%
)

0

20

40

60

80

100

800 mbar

Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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Introduction

Present radioactive ion beam studies:

•New facilities available.

• Suitable for various reaction types.

•Require new experimental techniques.

Active target detectors offer:

•Essentially 4π solid-angle coverage.

•High efficiency.

•Low threshold.

•Good resolution.

The present active target detectors, MAYA [1–3] and Bor-
deaux TPC [4] have been proved to be successful in the
study of

• new radioactivities [5],

• nuclear structure [6, 7] and,

• nuclear reactions [8, 9] of exotic nuclei.

To improve the performance of MAYA, the new generation
of active target detector ACTAR is being developed.

The Simulation Tool: ActarSim

1: Aims of ActarSim:
•To answer questions about which setup is more ade-

quate for obtaining the better response under the variety
of reactions and energies, during the design phase.

•To serve as a simulation and analysis platform for
the data analysis and evaluation when experimental data
were available.

2: Features of ActarSim:
" written in C++, based on the ROOT and GEANT4,

" drift and diffusion calculated from the energy de-
posited in the gas,

" cubic or cylindrical geometry of the gas chamber,

" auxiliary silicon and scintillator detectors,

" magnetic field

Test Case: The d(78Ni,79Ni)p Reaction

1: Basic information:
• Incident energy: Einc = 10A MeV.

• Purpose: compare proton detection efficiency between

• cubic geometry with auxiliary detectors, and

• cylindrical geometry with magnetic field,

•with different pressures of the deuteron gas.

2: The reaction kinematics:

Figure 1: Kinematics of the d(78Ni,79Ni)p, d(78Ni,78Ni)d
and d(78Ni,77Ni)t reactions at 10A MeV.

• θLAB = 180◦ corresponds to θCM = 0◦,

• Protons are well separated from deuterons and tritons,

•Up to 5 MeV excitation energy of 79Ni, the corre-
sponding proton energies are large enough to be possibly
detected.

Simulations For The Cubic Geometry

1: Basic information:
•Gas chamber: cubic geometry of 50× 50× 30 cm3,

•Auxiliary detectors: silicon detectors covering the left,
right, and back sides of the chamber.

Figure 2: Gas chamber and auxiliary detectors in the
simulation.

•The beam incident along the Z direction.

2: Simulation results:
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Figure 3: Efficiency η(Z, P, θCM), as a function of the
center-of-mass angles, for detecting protons correspond

to the ground state (points) and the excited state (5
MeV) of 79Ni (shaded area), with different pressures of

the deuteron gas. Reaction vertex at Z = 10 cm.
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Figure 4: Same as Fig.(3), with reaction vertex at
Z = 25 cm.
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Figure 5: Same as Fig.(3), with reaction vertex at
Z = 40 cm.

Simulations For The Cylindrical Geometry

1: Basic information:
•Gas chamber: r = 30 cm and L = 50 cm.

•With magnetic field along the Z direction.

Figure 6: Cylindrical geometry with magnetic field
BZ = 1 T and Pressure of 400 mbar.

2: Efficiency (%) with reaction vertex at Z = 10 cm:

Z=10 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 0 0 100 100
with 5 0 0 100 100

ground 10 0 0 100 100
state 20 0 0 100 100

of 79Ni 50 100 100 100 100
70 100 100 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 100 0 0
excitation 20 100 100 100 100

energy 50 100 100 100 100
of 79Ni 70 100 100 100 100

3: Efficiency (%) with reaction vertex at Z = 25 cm:

Z=25 cm 400 mbar 1013 mbar
θCM B=1 T B=2 T B=1 T B=2 T

proton 2 100 100 100 100
with 5 100 100 100 100

ground 10 100 100 100 100
state 20 100 100 100 100

of 79Ni 50 100 100 100 100
70 100 66 100 100

proton 2 0 0 0 0
with 5 0 0 0 0

5 MeV 10 100 90 0 0
excitation 20 100 100 98 100

energy 50 100 100 100 100
of 79Ni 70 100 98 100 100

Conclusions

The simulation of the d(78Ni,79Ni)p reaction at 10
MeV/nucleon shows that

1. The efficiency of proton detection η(θCM) can be changed
by adjusting the pressure of the gas.

2. For cubic geometry, η at larger θCM is mainly determined
by the geometry of the detector.

3. The cylindrical geometry with magnetic field can have
very high efficiency for the ground state of 79Ni for all
θCM , but for its excited state, η at small θCM is very small.
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