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Motivation

*Bring TAMUTRAP to attention of
trapping community

*Consider other possible uses for
facility

*Receive feedback and advice
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TAMUTRAP

* Texas A&M University Penning Trap Facility

* A new precision measurement facility for
studying the weak interaction

— ag,, b, ft values

 Plus

— Mass measurements
— Spectroscopy

— General purpose decay station: ultra pure, low energy,
spatially well-defined source
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Motivation
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T=2, 0*->0* B-delayed Proton Emitters

RIB ty, Production
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Penning Trap

Spatially confined source

In 7T field: *Minimal effect on proton energy
: Proton, 4.28 MeV, < 42.7mm radius °Conta|ns/collects protons
Blue: Beta, 10 MeV, < 5mm radius *Contains/collects Bs

*Reduced systematics

Nuclide Lifetime (ms) FEp, (MeV) Ry (mm)

20M\[g 137.05 4.28 42.7
24Si 147.15 3.91 40.8
289 180.33 3.70 39.7
32 Ar 141.38 3.36 37.8
36 = == 2k

GEANT 4 simulation — P.D. Shidling 40%? 11?%1}] 23;:; 338
18Fe 63.48 1.23 22.9

All radii for 7T magnetic field
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Penning Trap

2 traps within Agilent 7T, 210
mm bore magnet:

e Purification trap (ISOLTRAP)

* Measurement trap: new

— Large bore to contain decay |
products

— Harmonic, “tunable”,
o . )) « .
orthogonalized” for precision

mass measurements
Mehlman, et al. NIM A 712, 0168-9002 (2013)
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TAMUTRAP Beam Line
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TAMUTRAP Beam Line
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Cylindrical Deflectors
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Cylindrical Deflectors
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RFQ Cooler/Buncher

Up to 120V P-P RF
% 0.5-1.4 MHz frequency
3. (analog electronics)

102-10%mbar 99.999% He

2-10 ms cooling time
] = [ ] = | ] = T == [ 1

33 ?eglm((ejnts eI LT LT LT [T | ""ELQL. il AE =5 ev
ariable drag || | s R A L L F T At =1.2ps
(0-100V DC)
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RFQ 2.0 Design

3 AN
.75" CF FLANGE WITH 1.75" BORE, FIXED, TAPPED
er) - CUT TO LENGTH

2.00 1.00
RFF RFF
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Beam Line Install

Aligned optically to about <1mm from beam axis at any element
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Beam Line
Characterization/Optimization
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Preliminary Results

* Continuous Mode Efficiency

— (RFQ + Injection + Extraction)
* No gas, 112V, 1.1MHz, 1380eV Beam Energy
— Greater than 74%

* No gas, 112Vpp, 1.1MHz, 100eV Beam Energy
— Greater than 64%
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Preliminary Results

* Bunching
— Preliminary, but clear sighal over continuous mode

Trigger at t=0
“I 5x10*4 mbar He
L 1s Collect ‘| ﬂ ||'
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Nov. 19, 2014

Nov. 11, 2014
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Future Plans

* Continue beam characterization / .
optimization Emittance

Station

Faraday Cup

E \ N
— Emittance (MCP + pepper pot) =

* Simulation of traps, detectors,
etc. (GEANT) (P.D. Shidling)

 Mechanical design of traps,
detectors, etc.

Calculating

* Data acquisition, etc. -
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Backup Slides
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Bunched Over Continuous

RFQBunched Mode .0008 mbar He, 2.5 sCollect, 2.5 sEject
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Beamline Losses / Feasibility

Calculating 32Ar requirements

Element Efficiency (%) Rate After Element (p/s) Current (pA)

Measurement trap 100 5.00E+02 0.00008
Beamline 95 5.00E+02 0.00008
Purification 50 5.26E+02 0.00008416
Beamline 95 1.05E+03 0.00016832
RFQ (bunched mode) 1.11E+03 0.00017712
Beamline 95 2.21E+03 0.00035424
Magnet (coarse selection) 100 2.33E+03 0.00037296
Multi-RFQ 80 2.33E+03 0.00037296
Gas catcher 10 2.91E+03 0.00046624
Big Sol 30 2.91E+04 0.0046624
Production 100 9.71E+04 0.01554128
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Beam Line Alighment

lon Source Flange 15t Collimator (@2mm) 2 Collimator (#10mm)

=) =)

Injection 1 (@2mm) Injection 2 (@2mm) RFQ Entrance (@6mm) Extraction (@6mm)
s K | crctomon wsmrure .




“ompensation raps

71.36mm { TO Smm

Radius
90mm

| I
Penning

| End | [ J Ring
80mm 29.17Tmm

'7T-210ASR Magnet




Measurement Trap

Compensation
71.4mm

Electric fjoeld can be expanded as:

V=% Y G (d) Py (cos 6)

k even

C, and higher order are anharmonic terms

Adding compensation electrodes allows for C,
to be “tuned” out

L End B u Ring;.

80mm 29.2mm
C; TAMU TAMU TITAN LEBIT

Analytic  Simulated  Analytic  Simulated

A geometry exists where adjusting
compensation does not affect C,
(“orthogonal”)

Sin(kn(ZO_ZCZ))_Sin(kn(ZO_zc‘) k k k/2 CD _5 X 10_1 _5 X 10_1 - 8 X 10_ '
o 2 . bk -1) 0 moanel el
77]()(1](11}00) 2

n=0 k! Cﬁ
Csg —4x1072  —4x1072 - 3x1073
Calculated tuning (C,=0) condition: V/V, =-0.371

Maximum machining precision ~0.03mm
SIMION Precision limited to ~3x103
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Also minimize higher order terms (C,,), most
importantly C,
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Beam Properties

Production Big Sol m Pre RFQ n Post RFQ

e t=0 e In flight * Few ms * Few us ®2-10ms e Few us
e 200-250 mbar e 10 mbar e 102-10%mbar e 10 mbar e <10° mbar

Beam Pulsmg
m
e 10kV ¢ 0-7kV e 0-200V e 4-5kV e 10kV ¢ 10kV->2.5kV « 0-100V

¢ 2.5kV->10V
eTens of MeV eThermal (~.08 eV + KE) *10 keV eThermal (~.08 eV + KE) ¢10keV->2.5keV->10eV eTens of eV or less
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