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OUTLINE

= ATLAS and CARIBU

» Past ECR-CB performance

= On going efforts to reduce stable background
= Present EBIS-CB performance

= Comparison with ECR-CB

= Future plan
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= ATLAS is a National User Facility delivering stable, low energy, ion beams with a focus on

nuclear physics research

= ATLAS has a rich history of radioactive beam research
— lrradiated source materials

— In-flight beam production
— CARIBU - reacceleration of Cf fission fragments
@ENERGY s Argonne &




ATLAS FACILITY

Front end

ECR1 ECR2

» Delivering beams for low-energy nuclear
physics research for over 30 years

» |n 2005 launched a project expanding
our reach into radioactive nuclei near the
r-process pathway
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CARIBU

Californium Rare lon Breeder Upgrade

B\ AE = 252Cf fission source provides radioactive
; L. [ g species

— 500 mCi source installed 2018

— Effectively 150 mCi due to thickness

» Fission fragments are thermalized in a large
volume helium gas catcher with RF and DC
carpets and extracted as 1+ or 2+ ions

252(Cf fission
distribution

» |sobar separator - 1:20,000 resolution

» For the stopped beams
— RFQ cooler/buncher and MR-TOF

= What to use in order to raise the charge state
to something the linac could accept
s— ECR or EBIS Argonne &
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CARIBU

Californium Rare lon Breeder Upgrade

22CT DC gradient

»
>

252(Cf fission
distribution
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= 252(Cf fission source provides radioactive
species
— 500 mCi source installed 2018
— Effectively 150 mCi due to thickness

» Fission fragments are thermalized in a large
volume helium gas catcher with RF and DC
carpets and extracted as 1+ or 2+ ions

» |sobar separator - 1:20,000 resolution

» For the stopped beams
— RFQ cooler/buncher and MR-TOF

= What to use in order to raise the charge state
to something the linac could accept
6— ECR or EBIS Arg?.ﬂﬂgie



GENERAL COMPARISON — ECR vs. EBIS

ECR EBIS
24% Best Efficiency 32%
4-8 AIQ 22-55
10-20 ms/q Breeding time 10 - 100 ms (total)
> pA Contamination <pA

Maximum injected

beam pnA (~10'0 pps)

PUA (~10"3 pps)

CW or pulsed Mode of operation Pulsed
(DENERGY (st 7 Argonne &




ATLAS FACILITY
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ECR CHARGE BREEDER

Operational 2008'3:)15 = Solenoid coils provide axial

confinement

* Permanent magnet hexapole
provides radial confinement
— Open hexapole
— Symmetric iron
— Direct pumping of plasma
2* chamber

» Plasma excited by multiple
frequencies in the 10-14 GHz
range and <500 W total power

Plasma chamber //
Hexapole

N = Step-wise ionization via
collisions with energetic

#77%, U5 DEPARTMENT OF  Argonne National Laboratory is a Solenoid coils e I eCt ro n S
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ECR CHARGE BREEDER PERFORMANCE
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Worldwide ECR charge breeding as of 2017
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ECR CHARGE BREEDER PERFORMANCE
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T s, DEPARTMENT OF  Argonne National Laberatory is o
ENERGY ° & Bepanment of Energy 13boratory
manogtd by UChicage Agenne. LG

10

EXPERIMENT #1448-2a SILICON BARRIER DETECTOR 27-FEB-2015 10:15:63
Time Since Last Clear: 240295 ENERGY
DIAGNOSTIC AREA: ATLAS

ATOMIC MASS 146 CENTROID AT CHANNEL 3246.7

ATOMIC NUMBER 56 ENERGY 792.48 MEV

CHARGE STATE 1 28 FWHM 23233 MEV

CHARGE STATE 2 28 AREA 11337

CHARGE STATE 3 28 WINDOW RANGE: From 3163 to 3325

94\ o018+ Ba-146: 10* pps
[s)
p 947,18+ 3% of total beam
g
A current
é 47Ti10+ 682n13+
e "
. 193 | r37+
" 120 S n 23+
D
c
c
h 198 H 38+
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n
i
h L
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2000
ADC Channel

Contamination of RIB with stable background
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STABLE BACKGROUND

Sources

= Foremost mechanisms
— O-ring permeation
— Chamber surfaces
— Bulk materials
* Plasma chamber
* Grounded tube
» Extraction plate
 RF waveguides

= | EBT discrimination is 1:400

— Many species were closer than 1:1000

— Only solution was to eliminate

contamination at the ion source

f*\ U.5. DEPARTMENT OF _ Argonne Natios
{ZJENERGY 5=

Time Since Last Clear: 240235

ATOMIC MASS

ATOMIC NUMBER
CHARGE STATE 1
CHARGE STATE 2
CHARGE STATE 3

47Ti10+

EXPERIMENT #1448-2a

68Zn13+

SILICON BARRIER DETECTOR 27-FEB-2016 10:16:53
ENERGY
DIAGNOSTIC AREA: ATLAS
146 CENTROID AT CHANNEL 3246.7
56 ENERGY 792.48 MEV
28 FWHM 23233 MEV
28 AREA 11337
WINDOW RANGE: From 3163 0 3325
94Mol8  Ba-146: 10* pps
0,
947,18+ 3% of total beam
current
193 [ r37+
120 S n 23+
198 H g38+
3500 4000

Contamination of RIB with stable background
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STABLE BACKGROUND

Mitigation - clean and cover

Chamber before cleaning

Established a baseline for
F, Cl, Fe at ECR source as
well as Mo beam on target
detector
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STABLE BACKGROUND

Mitigation - clean and cover

-“ﬂ—\

causes the surface

==}

loose.

completelydry snd
clean. The coating can

easily be sweptup.

Chamber before cleaning

Established a baseline for
F, Cl, Fe at ECR source as
well as Mo beam on target
detector
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CO, surface cleaning

F: factor of 20 reduction
ClI: factor of 4 reduction
Fe: factor of 50 reduction
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STABLE BACKGROUND

Mitigation - clean and cover

Joln

A ¥ causes the surface completelydry snd
10300 m/se i clean. The coating can
loose. easily be sweptup.

Chamber before cleaning

Established a baseline for
F, Cl, Fe at ECR source as
well as Mo beam on target
detector

tory is a

f\ U.5. DEPARTMENT OF _ Argonne National Laboral
ENERGY ° & Bepanment of Energy 13boratory
mansged by UChicago Aronne, LLC.

CO, surface cleaning
F: factor of 20 reduction

ClI: factor of 4 reduction
Fe: factor of 50 reduction

12

Aluminum coating

F: factor of 160 reduction
ClI: factor of 17 reduction

Fe: not detectable

Mo: factor of 5 reduction

Contaminants of Ta and W

introduced by heating
element

Argonne &



STABLE BACKGROUND

Mitigation - clean and cover

Joln

= | =

causes the surface compietelydey and
clean. The coating can

loose. easily be swept up.

1 micron
aluminum
layer

Shadow from
current lead

Chamber before cleaning

Established a baseline for
F, Cl, Fe at ECR source as
well as Mo beam on target
detector

tory is a
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CO, surface cleaning
F: factor of 20 reduction

ClI: factor of 4 reduction
Fe: factor of 50 reduction

12

Aluminum coating l/
Some areas not coated
F: factor of 160 reduction
ClI: factor of 17 reduction
Fe: not detectable
Mo: factor of 5 reduction

Contaminants of Ta and W

introduced by heating
element

Argonne &



ATOMIC LAYER DEPOSITION

A better way to coat with aluminum?

» Thin-film deposition technique based on the use of a gas-phase chemical process
» Two chemicals react with the substrate in a sequential and self-limiting fashion

= Thin film is slowly deposited over the course of successive exposures

= For Al,O, the chemical precursor is trimethylaluminum Al(CH,); (TMA)

Substrate has water monolayer TMA bonds to OH sites Water reacts with CH, sites
CH
K 3 2CH, H,0 CH,
H,C CH, \ /
OH OH
?H3 H3C\ /CH3 | |
> Al > Al Al Al
7 N 1 - ~ - ~
OH OH OH OH OH OH O O OH OH o O O O O
I | I I I | | I | | I I I I
(DENERGY (st 13
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ATOMIC LAYER DEPOSITION T

Characteristics e LS EEEL Y

= Conformal
» Self-terminating

ALO, Growth Rate (A/Cycle)

= Linear film thickness
— 1 micron: 7752 cycles, 65 hours

oL@ L I . L . L . 1
0 0.05 0.1 0.15 0.2
TMA Exposure (Torr s)

= |n situ

T
4000 -

= No hot filament Growth Rate =

1.29 A/Cycle

3000

= High purity materials
» Qutstanding questions
— Effectiveness

— Longevity
: : J. Lu, J. W. Elam, and P. C. Stair, Surface
- TeStS Wlth ECR3 10N source Science Reports, 71, 410-472, (2016)

2000

Thickness (A)

1000 |

0

2000 3000
Al,O; ALD Cycles
14 Argonne &
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ATLAS FACILITY

Front end — present day

P =

Radiological
1 Preplab

/;/— CARIBU Stopped

CARIBU _
' EBIS | 1| Beam Stations

ECR Il
lon Source

ATLAS Linac

S ki Booster Linac

ECR III
lon Source

ECR2
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EBIS CHARGE BREEDER

» Developed in collaboration with BNL and is based
upon the TestEBIS design

= October 2015 — Replaced the ECR-CB at the
ATLAS front end

= September 9, 2016 - First accelerated radioactive
charge bred beam ('42Cs)

T s, DEPARTMENT OF  Argonne National Laberatory is o
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EBIS Operating Parameters
Solenoid field 55T
et oo
IrCe cathode diameter 4.2mm
Electron beam current 1.12A
Electron ::‘e::pdiameter 0.692 mm
Electron btteraar: density in 296 Alem?
R, b‘;z:‘ S - 8118eV
Trap length 0.532m
Trap capacity 11nC
Injection time 10-40 ps
Repetition rate 10 Hz
Duty cycle 33%
EBIS bias 20 kV
Pressure 1x10-'° Torr

Argonne &



Trap electrodes provide axial ion confinement

Electron beam provides radial ion confinement

Strong solenoid for electron beam compression

= Interaction with e-beam produces HCI S S A S S

Drift tube applied voltages (kV) Argonne &



Establish e-beam: 0>1 ms

Injecting 1+ ions: 12>1.1 ms
Breeding to n+: 1.1->30 ms
Ejecting n+ ions: 30>33 ms

-
o
% .
oo
o®
o®

= Trap electrodes provide axial ion confinement
= Electron beam provides radial ion confinement 2

= Strong solenoid for electron beam compression

= Interaction with e-beam produces HCI 1 3 3 4 @ & 7 & & @B
@eNERSY 7 17 Drift tube applied voltages (kV) Argonne &




EBIS CHARGE BREEDING CYCLE

Isobar Separator . experimental area
Resolution: 1:14,000 %
Transmission: 100%

Resolution: 1:20,000
Transmission: 60%

Electrostatic el
switchyard

EBIS
Breeding time: 30 ms
Frequency: 10 Hz
252Cf source _~" Total efficiency: 90%

Helium gas catcher

Elevator RFQ cooler/buncher
Raises beam energy Capacity: 108 ions/bunch
2kV > 25 kV Accumulation: 100 ms
Transmission: 70% (2+)
MR-TOF Pulse width: 2 ys
Capacity: 104 ions/bunch P
Resolution: 1:50,000 8 o
Transmission: 50% <3
Hold-up time: 15 ms e o € HIGH VOLTAGE
\ J- PLATFORMS ARE NOT
Dipole Magnets o e SHOWN IN THIS VIEW
Resolution: 1:400
(@ ENERGY 225 Transmission: 100% 18 Argonne &




EBIS CHARGE BREEDING CYCLE

Isobar Separator . experimental area
Resolution: 1:14,000 %
Transmission: 100%

Resolution: 1:20,000
Transmission: 60%

Electrostatic el
switchyard

EBIS
Breeding time: 30 ms
Frequency: 10 Hz
252Cf source _~" Total efficiency: 90%

Helium gas catcher

Elevator RFQ cooler/buncher
Raises beam energy Capacity: 108 ions/bunch
2kV > 25 kV Accumulation: 100 ms
Transmission: 70% (2+)
MR-TOF Pulse width: 2 ys
Capacity: 104 ions/bunch P
Resolution: 1:50,000 8 o
Transmission: 50% <3
Hold-up time: 15 ms e o € HIGH VOLTAGE
\ J- PLATFORMS ARE NOT
Dipole Magnets o e SHOWN IN THIS VIEW
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EBIS CHARGE BREEDING CYCLE

RIB detection and tuning Stopped beams

Isobar Separator experimental area

Resolution: 1:14,000
Transmission: 100%
Resolution: 1:20,000
Transmission: 60%

Electrostatic el
switchyard

EBIS
Breeding time: 30 ms
Frequency: 10 Hz
" Total efficiency: 90%

252Cf source
Helium gas catcher

RFQ cooler/buncher

Elevator
Raises beam energy Capacity: 108 ions/bunch
2kV > 25 kV Accumulation: 100 ms
Transmission: 70% (2+)
MR-TOF Pulse width: 2 ys
Capacity: 104 ions/bunch A

%

Resolution: 1:50,000
Transmission: 50%
Hold-up time: 15 ms \

Dipole Magnets
Resolution: 1:400
Transmission: 100% 19

Argonne &
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EBIS CHARGE BREEDING CYCLE

RIB detection and tuning Stopped beams

Isobar Separator  experimental area
Resolution: 1:14,000 Q

Transmission: 100%
Resolution: 1:20,000
Transmission: 60%

Electrostatic 0
switchyard

EBIS
Breeding time: 30 ms
Frequency: 10 Hz
4§ " Total efficiency: 90%

3 4 bk

252Cf source
Helium gas catcher

Elevator RFQ cooler/buncher
Raises beam energy Capacity: 108 ions/bunch
2kV > 25kV Accumulation: 100 ms

Transmission: 70% (2+)
MR-TOF Pulse width: 2 ys =~ __
Capacity: 10* ions/bunch e
Resolution: 1:50,000
Transmission: 50%

Hold-up time: 15 ms RIB is detected via beta

decay using silicon barrier
Dipole Magnets detectors with aluminum

Resolution: 1:400 cover foil
Transmission: 100% 19 Argonne &

ENERGY 7%



EBIS CHARGE BREEDER PERFORMANCE

= Set up EBIS with 133Cs pilot beam and adjust

trap timing and injection steering for RIB :iig
» Have produced 11 radioactive species in last oo
six months * A
— Average single charge state efficiency 5 /\{ \[/\

« EBIS only: 19%
« RFQ-CB + EBIS: 13%

— Rep rate: 10 Hz
— Breeding time: 18-26 ms 5 \ \
_ Injected pulse width: 10 ps 0 /(,/ 4N S\

— Extracted pulse width: 1-3 ms Charge state

Breeding efficiency charge state distributions for
selected species

Breeding efficiency (%)

f\ U.5. DEPARTMENT OF _ Argonne National Laboratory is a
(ZJENERGY 25zt ity 20 Argonne s Y



EBIS CHARGE BREEDER EFFICIENCY

Compared to ANL ECR charge breeder
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7% U.5. DEPARTMENT OF _ Argonne National Laboratory is a
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25 A

Breeding time
ECR: >10-20 ms/q
EBIS: <30 ms

39)C10+
[ ]

@ ANL ECR
@ ANL EBIS
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EBIS CHARGE BREEDER EFFICIENCY

Compared to ANL ECR charge breeder
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Breeding time @ ANL ECR

25 A

20 A

15 1

10

ECR: >10-20 ms/q € ANL EBIS
EBIS: <30 ms
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EBIS CHARGE BREEDER EFFICIENCY

EBIS ONLY

35
A BNa®
n @ ANL EBIS
B MSU EBIS
24 9+ 65 19+ 39K 10+
Mg A Cue K T A REXEBIS
- m A OMg™
Q) 25 1 aeppise 85Rp27* A TNVg
< 015+ -] AT Mo
= K a A 1330527+
3 A 107526+ 'S /
o - 61019+ 100721+ o  CsH
= Be 2NgT 1M0Te/RG22* 143g 528+
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STABLE BACKGROUND - 133Cs
ECR vs. EBIS

o

27+(45 enA)

enA

27+ (80 epA)

(DENERGY (s 23 Argonne &



BEAM BACKGROUND - 100Zr
ECR vs. EBIS

EXPERIMENT #: 1463 SILICON BARRIER DETECTOR 20-0CT-2014 10:37:08 [ XPERIMENT #: 1463-3 SILICON BARRL DETECTOR 20-JUN-2018 14:52:27
Time Since Last Clear: 120053 ENERGY Time Since Last Cleer 240852 M8 ENERGY
DIAGNOSTIC AREA: PII DIAGNOSTIC AREA: PII
ATOMIC MASS 100 CENTROID AT CHANNEL J"\ 20N8 ATOMIC MASS 100 CENTROID AT CHANNEL 18138
ATOMIC NUMBER “ ENERGY 138 MEV ATOMIC NUMBER « ENERGY 14189 MEV
CHARGE STATE 1 o FWHM | aroy MEV CHARGE STATE 1 b FWHM 2228 MEV
CHARGE STATE 2 } f'l' AREA 2 CHARGE STATE 2 o AREA %0
CHARGE STATE 3 ’ WINDOW RANGE: From 2121 j 2268 | CHARGE STATE 3 o WINDCW RANGE: From 1773 L] 1868
i
Ll -
194+ |
: F [ 194+
B n
] )
) 1
w1500 (- u
L] Ll
L .
] H 1OOZr21 +
1000 A
c H ‘
(3 / <
» n
. -
" s :
Tl l 100721+ H
oLl - - - L L . L L . [ TR TR R T T R T Bod o o JWIILEL L o)
L - e e et = - oand - ] s 1000 1500 2000 2500 000 3500 00
ADC Cranne ADC Chanet
Beam from ECR charge breeder Beam from EBIS charge breeder

100Zr21+:2400 pps (beta) 100Zr21+: 300 pps (beta)
Stable background rate: 2400 Hz Stable background rate: 1.6 Hz
RIB: <0.01% of total beam current RIB: 565% of total beam current
(DENERGY (st 24 Argonne &
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BEAM BACKGROUND - 106Mo
ECR vs. EBIS

XPERIMENT #: 1577 SILICON BARRIF DETECTOR 27-APR-2015 11:35.45 XPERIMENT #: 1677-3 SILICON BARRL DETECTOR 18-SEP-2018 14:22:01
Time Since Last Clear: 641165 ENnsGY S e ENERGY
DIAGNOSTIC AREA: PII DIAGNOSTIC AREA: PII
ATOMIC MASS 106 CENTROID AT CHANNEL 20847 ATOMIC MASS 106 CENTROID AT CHANNEL 19134
ATOMIC NUMBER a2 ENERGY 135.24 MEV ATOMIC NUMBER a2 ENERGY 151.03 MEV
CHARGE STATE 1 21 FWHM z.120 MEV CHARGE STATE 1 20 FWHM 2163 MEV
CHARGE STATE 2 al AREA 234 CHARGE STATE 2 20 AREA 1335
CHARGE STATE 3 2 WINDOW RANGE: From 2054( o 214 CHARGE STATE 3 20 WINDOW RANGE: From 1865 to 1961
oA
P
Y S A9
AN B
I PRt
a oty A o0l u
9 R AL Y ;
i Y VR "
i P | , i
H ayAd | ! 0
COF a I .
H L B A PO N o
. OO NN | i
D | [ LSa) \ Ml A
¢ [ ,2;‘2 1151‘? A o
c Ry S 1R
2 P /rim? | i1 H
nl Il . & 1ul :
f N AT :
i1, [ 1 4
. T N W'“ WWW | |
e b b ;
e e i e s e = 37 | ol Y i
% 500 1000 1500 2000 =) 250 L—"T3000 3500 4000 b ol i oo e [T v ol i 1wk s wuobusr el
ADC mameﬂ IR % 500 1000 1500 2000 2500 3000 3500 4000

Beam from ECR charge breeder Beam from EBIS charge breeder

106Mo27*: 6000 pps (beta)
Stable background rate: 25 Hz

RIB: <0.01% of total beam current

5. n!munnl oF

Py u
It\E ug DepaﬂmenlofE e qy \wn a!oly
manag -d by UChicago Argon:

106\M0o20+: 5500 pps (beta)
Stable background rate: 0.3 Hz
RIB: 94% of total beam current

Argonne &



BEAM BACKGROUND

EBIS only

XPERIMENT #: 1669b SILICON BARRT DETECTOR
Time Since Last Clear: 160575 M3 ENERGY
DIAGNOSTIC AREA: PII

ATOMIC MASS 138 CENTROID AT CHANNEL 24108
ATOMIC NUMBER 53 ENERGY 183588
CHARGE STATE 1 25 FWHM 3745
CHARGE STATE 2 5 AREA a7
CHARGE STATE 3 & WINDOW RANGE: From 2341 to

"
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c

c

n

a I

n

e

1

o
o 500 1000 1500 2000 2500 3000
ADC Channel

138125+: 1300 pps (beta)
Stable background rate: 0.2 Hz
RIB: 92% of total beam current
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EXPERIMENT #: 1746
Time Since Last Clear 300480 M3

ATOMIC MASS

ATOMIG NUMBER
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SILICON BARRIER DETECTOR 29-AUG-2018 08:58:22
ENERGY

DIAGNOSTIC AREA: PII

143 CGENTROID AT CHANNEL 25245
6 ENERGY 203,02 MEV
20 FWHM 4300 MEV
28 AREA 625
28 WINDOW RANGE: From 2437 o 2588
a8 7
7ot
|
1
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2000
ADC Channel

143Ba?8*: 6800 pps (beta)
Stable background rate: 0.1 Hz
RIB: 96% of total beam current
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[ XPERIMENT # 1745

Time Since Last Clear: 300481 MS

ATOMIC MASS
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ENERGY

DIAGNOSTIC AREA: PII
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2 WINDOW RANGE: From 2477

| ©

2000 2500
ADC Crannel

145Ba28*: 7000 pps (beta)
Stable background rate: 0.7 Hz
RIB: 83% of total beam current

24-AUG-2018 00:05:32
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4058 MEV
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to 2637
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EFFECT ON EXPERIMENTAL EFFICIENCY

Quality of beam on target

» Had performed a %Mo experiment with ECR-CB in 2015
» Repeated the same experiment with EBIS-CB in 2018

» Improved signal-to-noise ratio
» |ess spurious peaks

IOSMD

f\ U.5. DEPARTMENT OF _ Argonne National Laboratory is a
ENERGY ° & Bepanment of Energy 13boratory
mansged by UChicago Aronne, LLC.
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RIB DETECTION

67.44

J

A SECTION A-A

= Fast and compact gas ionization chamber

Direct measurements of CARIBU RIBs
for tuning and identification

Avoids time lag inherent to beta decay
detection method

Can be positioned at many places
along accelerator

Prototype performance limited at rate of

2 x 104 ions/sec
28
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hTIME

BEAM EXTRACTION wp 12Cs2

Fast and slow modes

150

= Fast — barrier lowering
— Drop DT7 "

= Slow — trap over barrier S ERERE e AR o -

[!ll[!lll‘\l[\‘ll!lll\\ll\\ll

H Tue Dec 20 08:49:37 2016 [mS]
— DT7 stays fixed .
. Fast extraction
— Raise DTs 4, 5, 6

—— Axial B field —— e-beam radius
/. Trap-over-barrier || [ ]| Barrier 1200 ] Trap voltage |
i 1

1000 4

I
b
IS

] 133Cs
800 4 2.75 ms FWHM

600 / 4 4.

400

200 4

Magnetic field [T]
Electron beam radius [mm)

L] w = o
1 1 1 1 1 L 1 L
Counts [arb. units]

PO

- N w
Trap Voltage [kV]

1 ] - 4.0
0 |
T T T T T T T T T T O | . T | T
DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DTS DT10 20 20 2 26 28 20
EBIS drift tube configuration Time [ms]
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BEAM EXTRACTION

Slow mode — trap over barrier

» Observed beam with gas ionization chamber — mass and timing information
= Arrival time correlated to trap voltage ramp

= Continuous extraction of light species which are ionized outside of the trap
» Distinct energies of injected and residual ions released from the trap

350 - - 4.8
I 1.04
300 4.6 1
| F 08 CARIBURIBA=150
250 Trap V0|tage 4.4 ™ 'S\(;m?\; :ig%lss kv Trapped contaminants
- ‘g‘ 1 \ Center = 3.0578 kV
L K3 =
200 ] a2 3 o6 FWHM =20 V
- L
€ ] 150Ce/Pr counts .- §
o 150 0.74 ms FWHM 40 © =
o b > 0.4
L a g K
[ @© o
100 F38 z 1
] Contaminant counts | E 02
50 - J \ F36 -
0 il i ."‘ TP =Y 34 0.0 . - . , .
5 10 15 20 28 29 3.0 32
Time [ms] Axial trap potential [kV]
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Fragment

RIB TUNING

7 Target
%, ArealV

In-flight
RIB Gas Cell

AGFA

| Hotlab
CARIBU Y i - Split-Pole
R Stopped Beams * Spectrometer
ECR Il //_
lon Source He NV
1 ATLAS Linac _#—— Target Area Il

£ N\ WK Large Seattering
: Facility

Trap Area

Tune machine with stable pilot beam of 133Cs26*

Pilot beam measured on faraday cups
— Typically 30-50 epA

Stop Cs* beam and inject low charge state RIB into EBIS

Scale entire machine over to RIB of interest

= Beta rates measured with silicon barrier detectors with aluminum cover foils

U.5. DEPARTMENT OF  Argonne Nationsl Laboratory is
ENERGY ° & Bepanment of Energy 13boratory 3 1
manogtd by UChicage Agenne. LG
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Fragment

Mass Analyzer 3
RI B I U N I N G Gammasphere o «’-": Target
HELIOS o <
‘X‘“—-‘_-

%, ArealV
<

In-flight

EBIS OUT EBISIN | : : RIB Gas Cell P
6830 Hz 7950Hz | i || gy
i, Hotlab :{
1 i It} .
5200 Hz i W 5
- Sanicy i % .~ Stopped Beams & 4
5R \ = fl of V.
: g ;

AGFA

. split-Pole
+* Spectrometer

ATLAS Linac “C__ Target Area lll

e NG

N\ B Large Scatlering
Facility

Trap Area

* Detector electronics not well calibrated; ]

Booster Linac 740 Hz assumed target rate

750 Hz

= Stable pilot beam of 133Cs26* with transmission of 73%
» Transmission with 9°Ce/Pr?°* was 77%
» EBIS IN-to-target efficiency: 740/7950 = 9.3%
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ENERGY 5ottt oersiey 3 Argonne



MULTI-BEAM SCHEME

Pulsed [ m =
Deflector Sess ] j'E.
Ere—

Achromatic LEBT PI| =

= The simultaneous acceleration of two beam species
— One stable from the ECR and one radioactive from CARIBU-EBIS
— AJ/q required to be within 1% of each other

T . OEPARTMENT OF  Argonne National Laboratory is &
@ EN ERGY T D enarmentof Enaray hobmatory 33
Pransaed by Uehicags Argonne. LLe
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MULTI-BEAM SCHEME | | I [

v

EBIS pulse, ~1 ms @ 30Hz

v

(rml

Pulsed ' ECR stable beam, ~95 ms

Deflector

| 1 I

v

Multi-user Scheme

Achromatic LEBT o p"|-| g =

= The simultaneous acceleration of two beam species
— One stable from the ECR and one radioactive from CARIBU-EBIS
— AJ/q required to be within 1% of each other

ryis a
laboratory 33
onne, LLC.
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