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The Lecture
Series

An Introduction to lon-Optics

1st Lecture: 9/10/18: Formalism and ion-optical elements
2"d | ecture: 9/12/18: lon-optical systems and spectrometers
3% Lecture: 9/12/18: Recoil separators for nuclear astrophysics, St. G

4'd |_ecture: 9/13/18: The recoil separator SECAR for FRIB

Tutorials in the afternoon: 9/10/18 — 9/14/18: COSY Infinity



Review 2" |ecture

lon-optical systems, spectrometers
High resolution spectrometers

Full dispersion matching

Diagnostics and field measurements.




Observing faint radiation near the sun:

An analogy for observing nuclear
particles close to the beam

Solar Eclipse
Coronagraph

Solar Eclipse 1999 SOHO Iarge angle

2005/12/01 1442


http://upload.wikimedia.org/wikipedia/commons/4/4d/Solar_eclips_1999_4.jpg
http://upload.wikimedia.org/wikipedia/commons/4/4d/Solar_eclips_1999_4.jpg
http://soho.nascom.nasa.gov/data/realtime/c3/
http://soho.nascom.nasa.gov/data/realtime/c3/

The Chromosphere
of the Sun in Ha

Ha line, A = 656.28nm

AL =0.07nm
Narrow Band Filter




Magnetic (Bp) Separation
of Beam & Reaction Products
IN Spectrometer Experiments

near 0°

K600, Grand Raiden Spectrometers:

(CHe,0), (p.), (o), (p,p"), (o, He)

Special Faraday cups to stop beam
Inside spectrometer or near focal plane




K600

Spectrometer

Counts/5.0keV

(IUCF)

The K600 is shown in
0° Transmission mode

for inelastic scattering
at 0°

High Dispersion Plane
B(D1) > B(D2)

“Ni(p.p)
| Ep=160MeV, 0-deg.

OIPOLE 2

" PROTON BEAM, 200 MeV

PROTON BEAM, 200 MeV, 8 = 1° =



Grand Raiden High Resolution Spectrometer

Grand Raiden is shown in
0° Transmission mode
for reactions at 0°

(3He,b): Bp(t) ~ 2*Bp(3He)
S (p.h): Bp(t) ~ 1.7*Bp(t)

Faraday cup | . o o S
for (o.,8He,), or (a,,°He,) | W4 % o
Bp(®8He) ~ 1.1 - 1.25 Bp(w) o s| Mu(He He) My
e E = 206 MeV -
E 1 3 =0 deg
0 1 2 3m s
| : : I ~ ) — 10, 4 e 2 e —
g ' § z 4 X
E ”() P r- - E =
e e | |
Dipole for in- - \ J }l by ” h-
. : | g
plane spin L T A I
{ 15 5 1.5 10 125

IDSR component

Excitation Energy [ Me¥
Figure 1. Measured Mg spectrum with angle cut {) - 1.5° and & resolution of 75 keV.

Reaction Products
6He, 8He, t

recil Pine Dt



Superheavy
Elements in
Laboratories

S Process

Nucleosynthesis In the Cosmes

B Mass known

Pb {le u - [[] Half-life kmown
_-‘:. a3 [] nothing known
p process [kl —

A h / [_rprocessl
50) spilliipetint
"' an "

Get
Zi

7.

Supernovae I

Cosmic Rays I

Many different reactions are With recoil separators, we study the important

VAR T ol (P.v) and (oy) radiative capture reactions that
take place e.g. in the rp process.

Sn
P Process

Fe (26) s

4

stellar burning

protofis

neutrons




Ty By [MeV] E, [MeV] En[MeV]

Example: 2Ne(a,n)>Mg, 121 = e !
ZZNG(O(,,Y)26M9 0.4 0.990) — = ii:?l
0.828 == * I = 10,227

The potential existence of 0.3 O RT? LY PO
low energy resonances Bplem=0570 \Fommmmm e U 25Mg + 1
causes considerable 0.4 B
uncertainty in reaction rate 0.097] i 10.69
Stable Beams: St. GEORGE WNewra ;;"@&.%i};fﬁ'éfi;f

Rl Beams: SECAR

10
10 Low energy resonances
1 = Cannot be measure ‘due to low cross
% o é% g%eeeﬁ sections that do not rise above
S S5 & background from:
E 10 low energy @@@f %ﬁ 1)  Cosmic rays
~ 10° | _resonances? o 2)  Surrounding radio-active
E 107 %%?? . materials
e W? ? ¢ ? f T ﬁzggg? ;«?:’Mg | 3) Beam-related background
“ A Yield “Ne(a.y)" Mg, ¥ x 107
10 Solutions:
10_7.................................... 1)  Go underground (Salt minet)
06 07 08 09 10 11 12 13 , 2)  Inverse kinematics (recolil

energy £, [MeV] separator)



Rigidity and Acceptance Parameters Determined by
Reaction Kinematics and Target Effects

Einematics of producedions
Recoil maximum apertora:

a_ J an| L je J p.=rtp,

Most of the beam does notinteract

) y
Target Compound

Nuclaps

Need a recoil separator system to
*Eeject the beam
*Transport the recoils in a detector

Slide by Manoel

SECAR g Separator for

Capture Reactions G. Berg, October 2014 SECAR TCSM Review - 04, Slide 11




Table 1

Design parameters of the St. George magnetic recoil separator.

Maximum rigidity Bp
Minimum rigidity Bp 0.1 Tm
Angle acceptance, vert., horiz( +40 mrad
Energy acceptance
Mass separation m/Am
Bending radius

Table 2 Beam and recoils have

Sample of reactions of astrophysical interest Same momenta, ne?d
E field for separation.

Inverse (a, <) reaction

Beam|Recoil|Beam Recoil|Recoil| Recoil | Half | E Mom.
Q[9] |Abund.|Angle|Range
% mrad| =%

42 14.2 | 2.8
40 11.8 | 24
38 < 39.2Q) 7.8
42 30.9 | 6.2
32 104 | 2.1
32 720 | 14
31 9.10 | 1.8
30 6.70 | 1.3

St. George

Reactions
and
Design Parameters




Achromatic magnet separator

A

Dispersive Intermediate
focal plane, Bp = p/q
selection using slits

Achromatic Final focal
plane, small beam spot
e.g. for detector system

Assume fociat | & F, 1.e. A;, =B, = 0.

Derive the first order achromatic condition
of the system 0 -> F and compare with the
dispersion matching condition.

13



First order
TRANSPORT

Matrix Ry

Solution of
Exercise

Xi=Ap XotAp B+ Aoy  1Ap=0
= Ag Xo + A 0

Xe =By X+ By 0+ B0y 1B, =0
= By X, + By 0 | substitute X, using
= By (Agg Xo + Agg 8) + Byg 8
= By Ay Xo  (Byy Ags + Bag ) 9

Note: This is the
Dispersion Matching

Condition for achromaticity: A;g=- B,/ By, condition for C =T =1




Ly e

for fully stripped ions

Bp = p/q selection
Ap/pg range selection

for similar velocities v

-
S 200¢( A/Z selection
] -
el (-
180 N=z1 N=z N=2z+1
— — TTToi--one | =
% 160 E 21"_@|| _ " N‘d‘ ST
- 140
E N 19N e
n 120
Ué - ST TTTT18
100 - ST
S 160y 1%
80 ' '
AlZ = - =19 =20 ~ 2.1
60_IIII|IIII|IIII|IIII
-20 -10 0 10 20

TOF rel. to cyclotron RF

[ns]

Achromatic

magnet separator

N\

0.1 mm AE Si-detector
20 mm diameter

Example: Production of 2!Na via H(**Ne,n)**Na
with ?!Ne” beam at 43MeV/nucleon using the
TRIuP Separator, KVVI Groningen

lons after target fully stripped e.g. 2!Nel%* 1

2INe beam with = 10%° ions/s with
Bp(**Ne)/ Bp(**Na) = 1.09 is all but
eliminated by a slit (SH2) in front of
plane |

Note:

lons with A/Z ~ 2 are not separated !




Achromatic magnet separator with Wedge
d “Wedge” = 0.1 mm “Si=detector”

B

A E-loss in WEDGE AE ~ Z2/v?2

Isotopes with different Z have
different velocities v

Therefore A/Z selection in B

:f 200 Effect of “Wedge” = E 2005_
180 180 ¢
0 F N=z1 N=z N= .Z+1 } b - 2INag
© 1601 21Na’-"4“"_“$';7” -22 Note: _: 1605 *Z‘Ne
- - - i@ -
2 1403_ # 2; For large dp/p) the g ::z -
£ 120 - *@ 19 degrader should be TR
100 § - :3 Wedge-shaped to 1001
80 [ | restore achromaticity 80t
60 i effected by degrader 0
STIET IR  with constant thickness 20 40 o 10 20 [RI§

Relative TOF [ns] Relative TOF [ns]




TRIuP an achromatic secondary beam separator

SH = Slits
Q = Quadrupoles SH3
B = Dipoles

Wedge/AE-Si )
Section A

A
Design parameters Target T1 %\

\
Fragment Separator Gas-filled Separator \
M Beam rigidity Bp 3.6 Tm (Beam line) 3.6 Tm (Seetion 1) Beam '
0 1 Produet rigidity Bp 3.0 Tm (Section 1 and 2) 3.0 Tm {Section 2)
o, meter Solid angle, vert., horiz. 430 mrad + 30 mrad
” AE-Sl detector Momentum acceptance + 20% +25%
H B || F oC al Pl ane Resolving Power p/dp 22 1000 22 2000 (no pas filling)
|| IE_ _:i"T n, T 3 Momentum dispersion 3.9 em /%, 80 em/%
1 - Bending radins 220 em 180 cm




TRIpP Fragment Separator _ ;
3rd order COSY Infinity Calculation TR - P IOn-OptICS
Horizontal Plane :

I~

e

Target 2, disp.

-
\s

Final Plane, achrom.

Vi

A\

AN

Ray Definitions at Target | —
x = 4/~ 2mm

0 = +/- 30 mrad

dp= +- 2.5%



A1900 MSU/NSCL Fragment Separator

are the BigRIPS
Fragment Separator

Overwew of the Fraoment Separatlon Techmque Another example

The NSCL Coupled Cyclotron Fauhty A19OO Separator 8 msr aAtnEItKhEZJSleEEnS

RT.ECR _ &0 at GSI.
&, | Ap = 5%
: o . 1
86Kr 140 MeV/u  sceee Bk
\ "
o
stripping P i — a5
foil il (/j BEE
&
= Q > '1
BRI, ¥ Wedge
~ o
&
production 78\1:
. target NI

65% of the
78N1 18
transmitted

Wedge location
D=5cm/%
R =2500 p/Ap

Ref. B.Sherrill, MSU RIA R&D Workshop August 2003




Magnetic Field

G 'I: I I d t o Magnetic Field
- egion i
aS I e S e p ara O rS (Vacuum Mode) Ee%lﬁ::)m- He)

Concept

PROBLEM: After target, a distribution of
several charge states q exists for low E or
large Z, with Bp range typically larger than
acceptance causing transmission losses.

eavy lon

A

Target

REMEDY: gas-filled separator

Focal Plane Focal Plane

M. Paul et al. / Heavy ion separation

I Iy Rays in a magn. dipole field

075_080 085 090 085 090095100 105 075 080 085 090 without and with gas-filling
300. SOy - 350Mev—~600 Be1312T
_Bel426T ()
. 1EST
05Torr | 8. OTorr
0o
d - 2001 12 Torr -:
% . 2"I05Torr ]
-3 B | 2.0Torr (el c
5 ’- 4 200__IGT'orr A i)_
% — L
8 | T /\ %
200129 T j\ N
400+ 2x10%T le) 8.0 T c
, x laod. i Measured spectra as function of
2 20024 A Torr H A
2oct Lo j\ 1™ J§| o2s pressure (e.g. He, Ar)
ol e Tl o e | 1. Paul et al. NIM A 277 (1989) 418
DISTANCE ALONG FOCAL PLANE (cm)




x/cm

TRIuP Ion-optics

Section B

10 A “long” achromatic separator
system is not suitable for a
gas-filled separator that should be

5 “short” to reduce statistical E spread

and have “large dispersion”

|||||||||/D|\||||||||||

X [mm] | © [mrad] | AE/E [%] | y [mm] | © [mrad]
1 0 30 4.0 -15 30
2 2 30 0 0 30
- 3 0 30 0 1.5 0
4 0 0 4.0 0 -30
5 0 30 4.0 1.5 =30
10 6 2 0 0
7 0 -30 4.0
T2 8 0 -30 0
/ 9 0 -30 -4.0
y/cm
s [ Therefore:
— The TRIuP separator was
- Designed to be able operate
0 with Section A as beam line

& Section B as short gas-filled
separator with large dispersion




Charge state distribution in TRIuP separator with gas-filling

206pp, 7 MeV/A

N
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Ar gas pressure
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Magnetic Flux of Dipole B3 (T)
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Difference between Fragment and Recoll
Separators

¢ Fragment separators use high energy beams to produce efficiently
rare isotopes (RI).

¢ Recoll separators work at low energy to study astrophysical reactions.
CONSEQUENCES:
O Fragment separators use the AE loss in Wedges to separate RIS.

[ Recolls separators use Electric fields to separate beam and recalls
due to their mass differences. Either electric dipoles or Wien filters.

A



DRAGON

Recoll Separator
i with
Electric Dipoles

1 2 3

GAS
TARGET ED1 Study of astrophyscis reactions
Electric Dipole using radioactive beams:
e.g. 2Na(p,y)?Mg in inverse
DRAGQN e T Kinematics using a radioactiv 2!Na
(Detector of Recoils And sM2 beam of 4.62 MeV to
Gammas Of Nuclear reactions) Q_{q‘;? study NeNa cycle
MD2 -
Magnetic Dipole
as _¢&
MONS 54?3M?\ MON3
Q10 Q9 l gy .~
E{%Eﬁsﬂﬂj’ .= T~ mons Ref. Dragon Recoil
RECOIL sma ED2 Separator Optics,
DETECTORS 4 Electric Dipole The Recoil Group,

1/18/1999, TRIUMF




DRAGON
lon-optics

orizontal and Vertical projections
of "Ne trajectories

Ref. J. M. D’Auria et al.
TRIUMF

25




EMMA

Recoll Separator for
ISAC-Il at TRIUMF

Fig. 1. Schematic view of EMMA, showing the target, quadrupole and dipole mag-
nets, and electric dipoles. The detector box is also indicated.

B. Davids, TRIUMF &
C. Davids, ANL

26



Study of the astrophysicial E R N A

B «— "trogen reaction 2C(a.,y)60

tandem stripper gas g . :
in inverse kinematics ReCOiI Separat()r
“He(12C,y)160 with
- - atE,_ = 0.7 MeV _ _
Wien Filters
2.80 . "\
we Y
2.65 ERNA setup
Y
Jet
analysing gas-target

magnct

switching

magnet Sy 3 7
Fey ~wrl_ Qs; ’
i 5 s B 1 A~ g
325 \ 7 S FC‘?
6.85 - s
WEF in beam line to remove
10 contaminant in 2C beam ERNA Recoil Separator with
S _J ) :
™~ 2 Wien Filters WF3, WF4

beam purification



a) 0™ trajectories at E = 0.70 MeV OTHOIES O ERNA

vertical

160 3* and 6* ions

31 order calculations using Recoill Separator
COSY Infinity with

Wien Filters

12C beam mainly stopped in
b) '°0* trajectories at E =5.00 MeV Faraday cup between QS1 and MD

vertical

Fig. 2. Samples of %0 trajectories are shown for (a) E =
0.70 MeV (g0 = 37, fpax = 1.9, AE = 0.13 MeV) and (b)
E = 5.0 MeV (gg = 67, fpay = 1.0°, AE = 0.44 MeV).
The trajectories start at the jet gas-target (*He target density
=1 10" ﬂ’[lillllﬁa-"llflllzzl and are followed throngh the filtering
and focusing elements of ERNA (indicated by square boxes) up
to the telescope (WF = Wien filter, Q5 = quadrupole singlet,
(D = quadrupole doublet, QT = quadrupole triplet, MD =
magnetic dipole)

Telescope

\]]




Study of astrophyscis reactions using radioctive beams. AR E S

Example: Hot CNO breakout reaction 1°Ne(p,y)?°Na in inverse _
kinematics using a radioactive °Ne beam of 10.1 MeV Recoll Separator

with a
Ref. M. Couder, PhD Thesis July 2004, Louvain-La-Neuve Wien Eilter

AE < E
‘.L.,.J m detaector
Slits
_______________________ \
Tiplet of Doublet of
Quadrupoles _ Quadrupoles
R '\ [ wien Fitter |
¥—

Doublet of
Quadrupoiles

‘\‘ '! /.
CYCLONE44

-

7N

—, Dipole

Scattering Charge selector
chamber g



Recoll Separator St. George

Study of (a,y) [and (p, y)] of astrophysics importance,
for A < = 40 targets,

emphasis on low energies, i.e. very small cross sections,
max. energy of 4 MeV/A

An overview of reaction result in the following
DESIGN PARAMETERS

Maximum magnetic rigidity Bp: 0.45Tm
Minimum magnetic rigidity Bp: 0.10 Tm
Momentum acceptance dp: +/- 3.7 %

Angle acceptance, horiz & vert.: +/- 40 mrad

Further design considerations:

 Two phase construction

« Charge selection by Bp analysis (typical: 50% Transmission)

» High mass resolution (Am/m = 100, 15t phase with 2 Wien Filters)
 Higher mass resolution (Am/m = 600) 2nd phase

» Wien Filters for mass resolution (energy too low for “Wedge” method)

30



St. George, Layout

06 O7 Wien Fllter Q8 Q9 L'
B5

Wien Filter

!IIIIIIIII’IIIIIIIII‘IIIIlIIII‘Illllllll‘lllllllll‘ Flain
0 1 5 3 4 5m TOF & E-detectors

Momentum &

AN "¢ By charge selection
o slits
TP+ Q2
e
o3 @
Taget T1 — )
i Bean
Windowless
Gas target Fig. 1. Layout of the St. George recoil separator.




F= gE +qvxB The Wien Filter

Electric Magnetic
force force

F=0 when gE =qv x B with E L B
v = E/B with E L B

v#E/B
F = (m/g)a = E+vB)
a = acceleration

Leads to m/q separation Design study of
Select q before Wien Filter Wien Filter

1000

for St. George

Electrostatic system of Units in mm
Danfysik Wien Filter I B Field lines

E Field lines

1,813kV/mm 03T
|




St. George
lon-optics
Characteristic
rays




St. George, Envelope

iy

Wien
Filter

Fig. 3. Ion optics of the 2 Ne(a, 7)**Mg reaction in inverse kinematics at 4.6 MeV incident energy. Shown are the horizontal envelopes of the 5* reactic
products, and the most abundant 57 and the 6" beams. The lower panel shows the vertical envelope of the reaction products.




Standard Wien filter

| Optimized Wien filter St . G eo I’g e

o
(e

arb. units
o
[s)]

e
=~

lllll!llllllllllllllllllllll

o
N

ru ST A  EEREN SRENE NEENE FEREE AN

Wien Filter
(velocity
filter)

arb. units
o
o

o
@

o
~

o
(%]

mm

0
-600 -500 -400 -300 -200 -100 O 100 200 300 -600 -500 -400 -300 -200 -100 O 100 200 300

mm

Fig. 3. Fringe field comparison of a standard Wien filter (left panel) and the newly designed (right panel). The ratio of the fields is also shown.

C L =
~
L

|

Homogcnizing Electrode

A

=1 |

I[O_\‘_ AR r;é"! TR \\FieldClamp

Fig. 4. A top view of the horizontal midplane of the Wien filter is shown. Electrostatic dipole is mounted inside the magnet.




SECAR

SECAR radiative capture on unstable beams, can-only be measured in inverse
Kinematics

Designed to make use of high-intensity FRIB beams
Up to masses A = 65 to cover the expected mass range of the rp process, (p, v)
Beam rejection 1017, therefore mass separation m/dm > 750

4 ion-optical sections, charge selection, first Wien Filter, second Wien Filter, clean-
up section

Energy range E_, = 0.2 - 3 MeV

36



Broad Set of Reactions Define Rigidity and

Acceptance Parameters

Half i i
e lo lae |recol |Ange |8p  |Er | | These_ reactions deflng the
Beam | value | Range | Charge | Recoil | Recoil | Recoil | Beam fO”OWIﬂg reqUIred d@Slgn
Reaction MeV MeV | % q mrad Tm MV Tm
150(a,y)°Ne | 0.5 3529 | +£3.1 |3 +15.6 | 0.29 125 |0.14 parameters _
3 3529 | +21 |6 +10.3 | 0.35 3.75 |0.35 « Even at highest energy
44Ti(ay)*8Cr | 0.5 7696 | £23 |4 +11.7 | 0.58 2.74 | 0.19 most beams can be used
3 7.696 | =1.3 10 +6.2 0.57 6.59 0.48 for Setup Of experiments
19Ne(p,y)*°Na | 0.2 2193 [ +13 |4 +6.4 |0.31 1.88 [o0.21 : ..
3 2193 | +0.71 |9 +3.6 |0.54 12.5 0.81 with SufﬁClent count rate
23Mg(p,y)2Al | 0.2 1872 | 092 |4 +4.6 0.38 2.28 0.15 * Otherwise less-abundant
3 1.872 | +0.56 | 11 +2.8 053 |124 |058 higher charge states can
5Al(p,1)?°Si | 0.2 5517 | +2.3 |4 +11.7 | 0.41 248 |0.15 be used
3 5.517 | £0.90 [11 +45 |0.58 13.5 0.58
30P(p,y)31S 0.2 6.133 | +2.2 |4 +10.8 | 0.49 3.97 ]0.15 _
3 6.133 | +0.80 | 12 +40 |o063 |148 |oss | Min.- Max. Bp 0.14-0.80 Tm
BCI(p*HAr 0.2 14663 | +15 |5 +7.6 [0.43 26 o031 | Min.—Max Ep 1.0- 19 MV
3 4663 | 0.6 |14 +3.1 |0.59 14.0 1.19
1Cl(py)®Ar |02 | 5897 | +1.8 |5 +92 |044 27 |os32 |AngleAccept., X,y  +/-25 mrad
3 5.897 | +0.7 |14 +35 |o061 |144 1122 |Energy Acceptance +/-3.1%
37K(p,y)%8Ca | 0.2 4548 | 1.3 |5 +6.6 |0.48 2.9 0.27
3 4.548 | +£0.54 |15 +2.7 |0.62 14.6 1.04
38K(p,y)*°Ca | 0.2 5763 | +16 [5 +8.1 |0.49 3.0 0.27
3 5763 | +£0.61 |15 +3.1 | 0.64 15.0 1.06
5As(p,y)%¢Se | 0.2 2.030 | +0.35 | 6 +1.8 |0.70 4.3 0.18
3 2.030 [ +0.21 |21 +1.0 |0.77 18.4 0.71
Separator for
SECAR " G. Berg, July 2018, SECAR Progress Review - 04, Slide 37

Capture Reactions



SECAR Layout e

= SECAR consists of:

« 2 Velocity filters (VF1, VF2) ;t* 7% ReA3
- 8 Dipole magnets . : %&'
* 14 Quadrupoles ) ', H Ju% <
« 1 Quadrupole + Hexapole Q1(+Hex) ‘ Rir
« 3 Hexapoles a7 by
1 Octupole o Ay y
| ﬁ Plane JENSA \
i
VF2 Beam
FP3 Direction

&?&&3 FP2

Focal Planes: FP1, FP2, FP3, FP4

SECAR g Separator for

Capture Reactions G. Berg, July 2018, SECAR Progress Review - 04, Slide 38




SECAR Recoil Separator for Astrophysical Capture Reactions

S ECAR / Separator for Capture Reactions




lon Optics Optimized

Good-Field-Region Section1 Target to FP1
Charge state Selection
Dispersive focus

Section2 £pj to FP2

Mass Resolv. Power R, = 747
Mass Resolution R,5 = 508
Achromatic focus

Effective Field-

w
™

||||||||
vvvvvvvvv

J ==

Section 3 Fp2 to FP3

Mass Resolv. Power R, =1283
Mass Resolution = 767

Disp. R,4=0, focus R;, =0

Section 1

L | | 1 | | | 1 |

: y/cm

Vert_.» — Section 2 Section 3 Section 4 FP3 to Detl/Det2

. . | . Particle detection, HO correction
Il Cleanup section

A =8 D )
¥ |
3
ey
]
127

== : Optimized up to 4" order, using
4 Hexapoles, 1 Octupole
Dipole edges up to 4" order

\
ANNY

| ;) L
\

SECAR _» Separator for
Capture Reactions G. Berg, July 2018, SECAR Progress Review - 04, Slide 40



SECAR




End Lecture 3



Design Parameters of SECAR for the
FRIB at MSU

Design parameters of the SECAR magnetic recoil separator.

Malximum rigidity Bp 0.80 Tm

Minimum rigidity Bp 0.14 Tm

Angle acceptance, vert., horiz. | 25 mrad
Energy acceptance + 3.1 %

Mass separation m/Am ~ 800

Bending radius 25 cm

Direct measurement of astrophysically relevant (p,y) reactions
up to mass about 66 for the rp- process using radioactive beams
of FRIB

43
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nroduced ions

m aperture:

E /cC
= arctan y—/
2m E,

neam does not interact

Beam Target Compound
Nucleus



Charge and Mass Separation SECAR with cleanup and
detector section

1] | Simulation with m/dm=350

il Achieved m/dm= 508

F
F

..-'-""-‘!}----
.-/

I
|
|

Cleanup Section

Charge state separation RECOILS
m = 66
RECOILS ] RECOILS
e m = 66

BEAM RN A “| BEAM BEAM

o= 22 T — m=65 m=65
. Monte Carlo Simulations with
o= 21 10,000 rays by Manoel Couder .



SECAR WF1 Horizontal plane
Charge state &

. Wien Filter
Mass separation 1. Gap=+/-12cm
_ 15 O(a,y)
i WE1 +/- 15 mrad
g N
1 m/dm=350
i m/dm=600
M # e Resolution 508
M defined by the
worst of all
M % ~2 189 rays




7 SECAR (2 WF) ion-optics with
/.. cleanup and detector section

Corrected up to order 7

Resolution: m/dm=768 in FP2

15
xom
10 - msdm
= ¥l
- /
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Used in optimization:

189 rays within ellipsoid A=B=25 mrad,
dE/E=3.1%, and X=Y=+/- 0.75 mm
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SECAR Wien filter

Cross section in the center, Beam enters into the plane. The Good-Field-

Region is indicated by dotted lines between the Kidney shaped electrodeS




SECAR Wien Hilter

horizontal I 020
(zood-field
region vertical I 40
Iax. B field T 0.12
‘ Effective field length m m| L3h0
Dipole
magnet Pole gap, vertical I 680
Pole width mim 1020
E field, homogeneity +0.002 in GFR
BEstimated power kW 50
Iron weight kg 4000
Wealght of 2 coila kg 1150
Iax. E field KV /mm | 2.8
| Max. Voltage on electrodes kW + 300
Electrostatic
systermn Mazx. Homigenizing electrode kW + 110
Effective field length min 2350
BElectrode gap, horizontal I 020
Electrode height,, vertical I 378
E field, homogeneity +0.002 in GFR
BElectrode to grounded chamber | mm 141
IMax. B field in gap to wall kV /mm | 3.8
0 Electrodes, Ti, non magn, kg approx, 1000
WVacuum chamber, S5, non magn. | kg approx, 1000

SECAR WF
Parameters




