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Spiral2 Cases MAYA... ...to ACTAR

Future at GANIL: Spiral2

M. Lewitowicz  26/11/07 SPIRAL 2 Week 2007

Fission products (with converter)

Fission products (without converter)

High Intensity Light RIB: ISOL & In-flight (S3)

N=Z: ISOL & In-flight (S3)

SHE: 

In-flight (S3)

Fusion reaction

with n-rich beams

Transfermiums

Deep Inelastic Reactions with RIB/stable beams

Regions of the Chart of Nuclei Accessible with
SPIRAL 2 Beams : LINAG & RIB

Production of radioactive beams/targets: 
(n,!), (p,n) etc.

!light-ion stable beams

!heavy-ion stable beams

!RIB induced reactions
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Physics cases

Structure of exotic nuclei: one-nucleon transfer reactions

Detailed structure...?

High density of final states
⇒ high resolution
⇒ γ-ray detection
⇒ reasonable beam intensities

“Niche” for active target:

Very exotic cases

One or two states populated

Very low counting rates

Low recoil energies

A+1Z

∆E < 100 keV
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Physics cases

“Thick” target

High efficiency

Angle and energy
of light ejectile

Detection of recoil
(low threshold)

Example 1: 78Ni(d,p)

reactions: (d,p), (p,d), (3He,d)...
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Physics cases

Example 2: unbound states in light nuclei

A+1Z

AZ+ n
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Physics cases

Resonant reactions

a + A→ C∗ → b + B, ...

Learn about...

Structure of the resonance:
energy, width, spin,
parity, decay modes

Scan the energy region by

varying the beam energy
or

using a thick target
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Physics cases

Resonant reactions

Nuclear astrophysics

reactions on p, α...

Nuclear structure

molecular states
giant resonances

Isobaric analog states

resonant elastic scattering:
AZ+ p → A+1(Z+1) → AZ+ p

⇒ information on the g.s. of A+1Z

...angular distributions!
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How MAYA works
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Figure 2.8: The active target MAYA. Shown here is an example of the
transfer reaction that creates the 7H resonance.

a set of Gassiplex chips3 [San94]. The signals induced in the pads are recorded and
stored in the Gassiplex through a Track & Hold procedure, triggered by a signal
from the wires, until they are sent to data acquisition.

In a typical event the beam enters MAYA through the Mylar window after
traversing several monitor detectors and ionizes the filling gas. If a nucleus from
the beam hits the nucleus of an atom in the gas a reaction takes place. The elec-
trons from the atoms in the gas that have been ionized by the reaction products
drift to the amplification zone by means of an electric field applied between the
upper cathode and the proportional wires, while the Frisch grid is kept grounded.
The induced charges in each cathode pad form a projected image of the particles
trajectories. The homogeneity of the electric field is maintained by metallic strips
covering the sides of the detector, except at the back, where they are replaced by
field wires to reduce interaction with the forward escaping particles. The electric
field can be set as high as 15 kV in the upper cathode, and 5 kV in the proportional
wires, depending mainly on the pressure and the detection energy threshold of the
specific particles.

Direct kinematics generates scattered particles in a large energy domain. High
energy light particles cannot be stopped in a reasonable gas volume and pressure, and

316 analogical multiplexed channel ASICs developed at CERN.
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there is a beam detector 
before MAYA, to start the 
DAQ.

cathode

anode:
amplification

area.

wall of Si 
detectors

the projectile makes reaction 
with a nucleus of the gas.

the product leaves enough energy to induce an image of its 
trajectory in the plane of the segmented cathode.

the light scattered 
particles do not stop 
inside, and go forward 
to a wall made of 20 Si 
detectors, where they 
are stopped, and 
identified.

        segmented 
cathode

t1 tn

Φ

we measure the drift time up to each 
amplification wire. The angle of the reaction 
plane is calculated with these times.

5 mm
COG over
3 axes

➠ Si-wall (20 Si), CsI-array (20 csi)
Pulse height (~energy loss)

➠ Anode wires
Pulse height, 
drift time (time from incident beam by PPAC)  provide y-coordinate

➠ Pads (32 x32)
Pulse height, provide x-z coordinates

➠ Three dimensional track of a charged particle is determined from wires and pads data. 

Maya principle

ACTAR meeting - Mars 10th-11th 2007Hervé Savajols (GANIL) 4

there is a beam detector 
before MAYA, to start the 
DAQ.

cathode

anode:
amplification

area.

wall of Si 
detectors

the projectile makes reaction 
with a nucleus of the gas.

the product leaves enough energy to induce an image of its 
trajectory in the plane of the segmented cathode.

the light scattered 
particles do not stop 
inside, and go forward 
to a wall made of 20 Si 
detectors, where they 
are stopped, and 
identified.

        segmented 
cathode

t1 tn

Φ

we measure the drift time up to each 
amplification wire. The angle of the reaction 
plane is calculated with these times.

5 mm
COG over
3 axes

➠ Si-wall (20 Si), CsI-array (20 csi)
Pulse height (~energy loss)

➠ Anode wires
Pulse height, 
drift time (time from incident beam by PPAC)  provide y-coordinate

➠ Pads (32 x32)
Pulse height, provide x-z coordinates

➠ Three dimensional track of a charged particle is determined from wires and pads data. 

Maya principle

PPAC as start detector

reaction with a nucleus of the target gas

drift electrons induce signals
on the cathode pads (after amplification)

3D track determined from pads signals
and drift time (resolution ≈ 1 mm)

particle ID and energy from range
R ∝ E 2/MZ 2

or from Si and CsI detectors
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MAYA: results

Transfer reactions:
12C(8He,13N)7H → 3H+4n

M. Caamaño et al., PRL 99 (2007) 062502
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MAYA: results

Transfer reactions:
11Li(p,t)9Li, mass measurement...
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MAYA: results

Transfer reactions:
11Li(p,t)9Li, mass measurement...

I. Tanihata et el., PRL 100 (2008) 192592
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MAYA: results

Resonant reactions:
11Li(p,p’) → IAS of 12Li g.s.

12Be

11Li+p
E∗ ≈ 23 MeV

Scanned region12Li

T. Roger et al., in progress
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MAYA: results

Resonant reactions:
56Ni(d,d’)
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From MAYA to ACTAR

MAYA limitations, our needs...

Restricted dynamical range
Reactions with heavy beams

Small gain
Low thresholds

Vertical angle within ≈ ±45◦

Maximum efficiency

Limited spatial resolution
Efficiency...

One time signal each row
Efficiency, multiple tracks

...and the solutions

Magnetic field
(electronics)

Read-out with
GEMS or MICROMEGAS

Geometry
(electronics)

Smaller pad size

One time signal each pad:
electronics
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The geometry

, simulations

Cubic geometry Cylindrical geometry
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Outlook

GANIL (AC) / DAPNIA  / CENBG 

CCLRC DARESBURY (FC)

U. LIVERPOOL (AC) / U. BIRMINGHAM *

U. SANTIAGO DE COMPOSTELA (AC) / GSI  / INP CRACOW *

 (* associated participant)

ASIC

cards

Pads

Cathode

Cylindrical geometry:  symmetry around beam axis

   E // beam axis, uniform

   Projection on the endcap of the cylinder

   B // beam axis

Quantities to be measured:

curvature radius, collected charge, range, angles
For 0.5 mm position resolution, !E/E=2!R/R,

expected energy resolution!100 keV for "cm>20°

TACTIC:  A New Detector for Nuclear Astrophysics

8Li( ,n)11B

- for use at TRIUMF for nuclear

  astrophysics experiments

- cylindrical geometry

- curved GEM foils

- preliminary design TRIUMF; 

- detailed design at Daresbury

 to be constructed at York University

Investigate the best options for the realisation 
of active target  detector concepts, and define 
the R&D effort.
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The geometry, simulations

Cubic geometry Cylindrical geometry
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Hector Alvarez Pol (USC), Pang Danyang (GANIL), Elisangela Benjamin (USC)
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Tests with MICROMEGAS at IPN Orsay
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