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correlation studies
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Scattering and enerqgy loss in the foil...
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cyclotron motion

Utilize the technology of Penning traps to provide a

backing-free source of localized radioactive ions!!
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Scattering and energy loss in the foil...

ez | UlINIZE the technology of Penning traps to provide a
backing-free source of localized radioactive ions!!
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Measure means instead of 2"d moments
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T =2, 3(2 pure Fermi and Gamow-Teller decaxs
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An IGISOL system at the Cxclotron Institute
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TAMU TRAP
2012

LIGHT <
ION GUIDE
2011

Beam Emittance
Station

1 Low cross-section for ions
of interest
\ L TAMUTRAP has high

K150 (88") CYCLOT! . -
ke tolerance to impurities, but
RFQ limited to 10° ions/sec

= Need isobar separation &

Design spec: M/AM > 2,000
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Develoging the RIBs for TAMUTRAP

# Efficiency Is absolutely critical
*— IGISOL at Jyvaskyla quotes

- TAMUTR&E
5% efficiency for gas cell | P A
il £ Fol g
* GaS Ce” [5%] - Separator [85%] = s 4 ]\ _~ K500 CYCLOTRON = s .‘7“ .
— cooler/buncher [20%] — B et 4 -

— Penning trap

. " /r | ' X (ON GUIDE™
*— Estimate for rates of proton-rich %
nuclel in the trap: L

D. Melconian

21Mg |2650 20Mg| 40 e
25Sj 11425 2451 | 30
29S | 850 285 | 25
S3Ar | 760 32Ar | 10
S7Cal| 190 6Ca| 2

WISArD Collaboration Meeting | Mar 22, 2021

Kt | TEXAS ASM



We have been developing a new gas cell

® Need highest efficiency possible, and to build a new beamline to get the
RIB to TAMUTRAP

To beam j dump

Reaction

products _
1.8 inch

€

target
g beam from K150
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We have been developing a new gas cell

® Need highest efficiency possible, and to build a new beamline to get the
RIB to TAMUTRAP

Chamber with target

Faraday cup & MCP and gas cell
Lens & Steerer
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lens & steerer

Si detector
P = 10~® mbar Pge = 1072 mbar

Accelerating region

concrete shielding

Epeam from 0.1 keV — 10 keV
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We have been deveIoEing anew gas cell

® Need highest efficiency possible, and to build a new beamline to get the

RIB to TAMUTRAP Efficiency of 2°Si production already
0.13(2)%!!

1-2% no problem; 5% is achievable

40 Chamber with target
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But 120° doesn’t fit our existing eguiEment...

® To bend up, need 45° + 45° instead

# Collaborate with G. Berg, M. Couder and M. Brodeur (ND) to build the
Light-ion guide Separator for TAMU’s K150 RIBS

to TAMUTRAP Total length: 8.54 m
= Rig=Dispersion
i
roof plank g
e
g /'/\\// i
2 < ' - Ri,=Focusing
electric quad doublet - | -
|
: L . R;1=Magnification
sextupole singlet ‘
electric quad singlet
Drift 1.73 m
45 deg : : : < >
__— magnetic o})acie Dispersive plane (vertical)
dipoles
e r [ ] R,,=Focusing
electrostatic > s =+ o ,
multipole = | ‘ R;1=Magnification
shielding Non-dispersive plane (horizontal)

block
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LSTAR Eerformance Specs and status

® Using COSY to optimize efficiency |
Versus resolution

# Higher-order abberations
corrected (G. Berg, M. Couder)

# SIMION to estimate emittance from ® AM/M=00003=1/3333 .

100 e e b b b b
gas cell & SPIG o i
%—- RFQ comparison = off by 2 x? ; 50 ] 3
D;n: 70 - -
9 60 R e
5 1 e e sosn mmmraal
# DOE funded $0.78M T
%— Start construction soon! (this spring) 04 06 08 10 12 14

RMS
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The TAMUTRAP facilitx at the Cxclotron Institute

Second Ion Deflector
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World’s largest Penning trap commissioned
# Most cylindrical Penning traps have a length-to-radius ratio of [/r = 11.75
# To confine the protons from T = 2 decays, need r = 90 mm

M.Mehlman et al., NIMA 712, 9 (2013)
P.Shidling et al., Hyperfine Interact 240, 40 (2019)
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World’s largest Penning trap commissioned
# Most cylindrical Penning traps have a length-to-radius ratio of [/r = 11.75

# To confine the protons from T = 2 decays, need r = 90 mm
%— Needed a new design to make it fit in the 7T magnet

Compensation

M.Mehlman et al., NIMA 712, 9 (2013)
P.Shidling et al., Hyperfine Interact 240, 40 (2019)
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Mass measurement of stable ions

# Find resonant frequencies for e
23Na. 8587Rp 133Cs and 29K 200 ms excitation time

98|_I""I""I""I""I“"I""I_ 98|""|""""I""I""I""I_
# Use AME value for K, and - _! | = '
calculate other masses = | =
£ 94 £ 94
o [ s ! I
_ « 92f w 92}
® Good agreement with AME & | g ;
g . © 90 D 9of 133Cg
values (within uncertainties) ¢ g "l S|
Hgagl 1 dgal ]
® Precision =% { =% _
¥— 23Na: 240 ppb 85105 0 5 10 15 °®15-10 5 0 5 10 15
¥ 85Rb: 5 ppb £-£.[Hz] f-f_[Hz]
*- S'Rb: 6 ppb P.Shidling et al., in preparation
*— 133Cs: 7 ppb (Int J Mass Spect)

Kt | TEXAS ASM
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Final thoughts, Eeogle Involved

¢ TAMUTRAP: commissioned, just need radioactive ions..

# LSTAR starting to be built; RIB in ~3 yrs? ﬁ TEXAS A&M
# PENELOPE simulations are starting B. Fenker B. Schroeder
%— Complement G4 for WISArD S. Behling N. Morgan
*%— Flush out the details of the concept for M. Mehlman A Ozmetin
TAMUTRAP’s detection D. Melconian  D. McClain
. . . P.D. Shidling V. Kolhinen
Backscattering, backscattering, backscattering G. Chubaryan V. lacob
# Benchmark G4 and PENELOPE using ENSI
TRINAT's system CAEN

M. Soulard (2015)
AR, U-S. DEPARTMENT OF Office of F BldaU|t (2016)

&) ENERGY  science E. Gilg  (2017)
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TRINAT backscattering from Aﬁ measurement

Systematics
Background 1.0014 8 x107*
p scattering 1.0230 7x107%
100 3 ] ) L ' " | " \ " L ] " ) L ) | " " " N ]
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TRINAT backscattering from Aﬁ measurement

Systematics
Background 1.0014 8 x107*
p scattering 1.0230 7x107%
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TRINAT backscattering from Aﬁ measurement

Systematics
Background 1.0014 8 x107*
p scattering 1.0230 7x107%

10 E ] " 1 L 1 | 1 ) 1 1 ] 1 ) 1 1 | 1 " 1 N I
f (cosf_) = 0.9775 I8 A0

0.88%
"scatter"” ‘

|"backscatter”

Fraction of events
o
|
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TRINAT backscattering from Aﬁ measurement

Systematics
Background 1.0014 8 x107*
p scattering 1.0230 7x107%
100 3 ] ) 1 L ] | ] . ] 1 ] ] ) 1 ) | ] f ] s ]
L (cos@_ ) = 0.9775 I840
10 =
107" - i
5 0.72% 0.88%
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o
|
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TRINAT backscattering from A, measurement
How well can we trust GEANT4 P
1.0014

to simulated f scattering?

8 x107*
p scattering 1.0230 7x107%
100 4 ] ) ] L ] | ] \ ] ] ] ] ) ] ] | ] f ] 2 ]
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Measurement of E scattering

# TRINAT geometry allows us to measure backscattering of s and
compare to GEANT4 simulations

® Obvious, very clean check: both telescopes
register a  event

® Due to small solid angle to go from one to
the other (~0.25%), not enough statistics with
current data set (~10~* of non-scattered)
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Measurement of E scattering

# TRINAT geometry allows us to measure backscattering of s and
compare to GEANT4 simulations

® Obvious, very clean check: both telescopes
register a  event

® Due to small solid angle to go from one to
the other (~0.25%), not enough statistics with
current data set (~10~* of non-scattered)

¢ Much more common: backscattered out of
the scintillator

® Signature: two separate pixels in the
double-sided Si-strip detector with energy
deposited in the scintillator
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How does GEANT4 do?

# With non-standard options: Surprisingly well!!

® Take 20 limit on 0-05;""'""""i"U"'t'l"" :
C o : 3 pper telescope 5
observed deviation, 5 005 : 5 Lower telescope |
or 5.1%, for 28 004 - — GEANT4 simulation
“backscattered” g*g 0.03 -
events §«‘: 0.02 -
" 001 :
8 20 : —++—+—+——+—— |+ |
=R 10 ] mean=(+2.6+13)% b3 I T i
o O ] ! -
5 0 oz ¢ 3 ;
S o ] 3 t { 1
e -0 —mb0—r——""""7""F7"+—"""7—"-"—"——
© 0 1000 2000 3000 4000 5000

Scintillator energy [keV]
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How does GEANT4 do?

# With non-standard options: Surprisingly well!!

# Take 20 limit on 100 +—t— -
observed deviation, » o (cos@_,) = 0.9775(12)
or 5.1%, for > A4, = 0.0007 /
“backscattered” 107
events s 0.72% 0.88%

|”backscatter“ "scatter” ‘

# Assign 10% uncert
to “scattered”
events

® All together, a 20  -15 -0 -05 00
+0.0012 uncert on cosf,  — cosf_ -
(cos Oqgr) and £0.0007 on Ag

.

Fraction of even
)
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