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A challenge of present and future facilities
reaccelerating radioactive beams
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Charge breeding: matching the A/q acceptance of the post-accelerator

Higher energies

* higher charge states I
& & Compact postaccelerator

* Pure beams i Making the most of the rare and
* High efficiency and rapidity exotic beams: I<<pA and T,/,<1s
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A challenge of present and future facilities
reaccelerating radioactive beams
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Charge breeding:
World tour of major reaccelerating facilities

e Conclusions of EURISOL DS (FP6): ECRIS / EBIS comparison

e Latest news from ANL, TRIUMF
— (ECRIS charge breeding)

e Latest news from ISOLDE and NSCL
— EBIS/T charge breeding
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Comparison of charge breeding
techniques
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EBIS charge breeder principle

electron
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/ injected 1+
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*cathode - superconducting solenoid
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E. D. Donets, V. I. Ilyushchenko and V. A. Alpert, JINR-P7-4124, 1968
E. D. Donets, Rev. Sci. Instrum. 69(1998)614
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R. Becker, Rev. Sci. Instrum. 71(2000)816

Essentially a pulsed device y



separator

The LaB, cathode

EBIS specifications

selected
e aB6 cathode q*ions
tolinac e

¢ jcathode<20A/Cm2
® jeitrap<200A/cm?
¢ |e=460mA (normal operation 200mA)

The charge state is

* E=3.5-6keV selected with a mass
*3 drift tubesL=200 to 800 mm separator of Nier-
eTheoretical capacity 5-10%° positive charges Spectrometer type

* Ultra-high vacuum 109 - 10" mbar Performances: F. Wenander et al.

| Rev. Sci. Instrum. 77, 03B104 (2006)
8 ICIS 05 Proceedings
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~1L plasma chamber 14 GHz
microwave

Hexapole for radial
confinement

£ _ ANl
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Minimum B conf.: : .
Solenoid coils for g _ 15T 135T

Bo=0.52T B, axial mirror
B,.,=0.5T
B,.=1.5T
Plasma chamber:
stainless steel

BECR BECR

Per @v”c}% Delahaye et al., Rev. Sci. Instrum. 77, 03B105 (2006), P. Delahaye and M. Marie-Jeanne, NIM B

266 (2008) 4429



Low energy efficiency (%)

Charge breeding performances REX-EBIS

Sample of data 2008 - 2009

25
& Stable
39K9+ 65Cul9+ % Radioactive
20 & ®
15 IVIC RPN T14Cd25+
,~ 55Mn15+ 87Rb17+ ~~_
4 T, 133Cs32+
10 y * * 0
; 104Cd25+
Tiacas e .. 1ot
. / 181Ta40+ @ 205T42+
188Hg45+ ‘
e
204Rn47+
0
0 50 100 150 200
A

Includes cooling, trapping and charge
breeding efficiencies

)

e

250

A/q ratios: from 3.5 to 4.5

Charge breeding times:
From 10 ms to 200ms for mass ~200

Background < pA
Very low residual gas pressure
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Search @

REGISTER HOW CERN COURIER KEY SUPPLIERS
Register as a member of Jan 25, 2012 Agiler Y
cerncourier.com and get full Isotope toolbox turns 10 Acgiris | 1
access to all features of the Diaitizers

site. Registration is free. REX-ISOLDE, one of CERN’s most compact accelerators, has g

just celebrated its 10th anniversary. The machine's

MEGA ===

INDOSTRIES, LLC

versatility provides radioactive ion beams across the range
of nuclear isotopes.

RELATED PRODUCTS

&9 Spherical Chambers L
Résumé More companies »
Kurt J. Lesker Company Ltd

Mar 2, 2012 Les dix ans de REX-ISOLDE

 Close to 100 isotopes and 30 elements accelerated
e 2011: 20 isotopes of 10 different elements

@2 27th of May 2012, Padova



Charge breeding performances Phoenix ECRIS

Present performances

Efficiency Charge state Confinement time

Eficeney ()

Airao

=] - = Daota IsoLOE
7N = papan N =
Baa LesS ] Data LESS = = = Do ISoLoE
...... o] ] A 2 BaiE Cess
o ] Cinear mit
No = =4 N ]
NG e E PN <o = =d o
= sn Fx<e™ [ — - Sn F<e = 1 S e
— = - = o] = s Fo<e
- [ = = - = = - -
= - ] "o = 1 P
Fe'o Lg” _ Fo L - = . - F5
- - ~a’ ] i .
= A - =] ~Na = e
S = - = = = = = =] e EN ~a = =
< Ss < = W - - =
] < S
1o = 2o o so 7o so o © = o ao o so ° =0 ° o S =S v Py, i = ==
= a.
= a —
e - A/ ISOLDE Lot = r=ye=
- A/ ISOLDE - - - A LeEsc - A/q ISOLDE -
- Ara LPsSC =i e =5 B = - P AOS =y e
T TiNear e e ] - Linears et I O oy M B
e < - - .
= el e = = Ae'L meT = = Aol et
=2 £ o - T = o - ~ ==
oo e L = . Fe S L = © S e
Ne - = = e - = e -
s U - - Ss =
X e e e PN
i ~ 4o =t T A Nt
- =0 = =
=3
S B =o S o =o =y = = S = S =) B =
S =o S S =0 o 7o =0 o -
=3
= . -
200
—=T - ISOLDE data B E - ISOLDE data =
- ISOLDE data BiZT | a6 d i Cimear nit L ®F° o - Linear Tit
77777777777777777 . - 2 oo
- o = ] <ot
e <o S =so =
><o?, = ]
3 S £ =t
R e - = iy S asod ESS
- = == - - =1
= {' %% - £ 1cod E
po— T S o4 -
P = S vy S = = =
) = = Py = =) = S =
Zo = o > >
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No losses
Beam emittance: g, ,~10n.mm.mrad at 19.5*q keV
Enorm=BY * €pnys~2.5 102 m.mm.mrad

Stable beam background ~<nA <«<pA

P. Delahaye and M. Marie-Jeanne, NIMB 266 (2008) 4429
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Design Study

13650 ~ 10° ions/s
EBIS best suited ECRIS best suited:

* Not space charge limited
e CW device

-Higher charge states
-Higher purity
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Efficiéncy’1-20% depending on Z



Energy 0.3- 3 MeV/u for 238U,
higher for lighter ions

Energy spread 1lkeV
80 MHz Pulse length 1 ns

RFQ 80 MHz

Q/A 12 keV/u
separator

: 80 MHz
Fds . 1 SRF
- e s e -:‘ et B B=8.5%

100 MeV/u

S@op e 1
gis;;per separator Isotopes produced at FRIB from projectile

fragmentation and fission stopped in gas cell

@2 27th of May 2012, Padova
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Magnet

X, X

e-gun Trap

l
I> S — — = Z Pulsed

e EBIT design: continuous accumulation

Over the barrier injection

Continuous
1* beam

Expected performance

- Breeding times << 50 ms
- Efficiency > 50%

- Beam rates > 10%/s

- Variable duty cycle

N* beam - Clean beams

e-collector

X X

B[]

—
T T

i
DD

z [m]

EBIT: Key design parameters:

e magnetic field: upto 6T

¢ 1,=0.5..5 A, E, < 30keV

e current density: up to ~10* A/cm?

Trap: ~ 0.8m long
| o

— 21 segments for flexibility
— Center electrode 8fold split
27th of May 2012, Padova




Recent achievements

July 2011: : >.> MeV
Accelerated Ne* = O- source RFQ +
] 1 SRF cavity
- From gas injector 2 GO_: Ne8* at different
i - 8 ] RF .
Pulsed extraction, up to 10Hz 40~ ? acceleration
- i ] on .
2T field 0. y gradients
- 15 keV, 36mA electrons ]
. 0-—
- 30KkV extraction 1,000 2,000 3,000 4,000 / Energy
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Results from CARIBU
 ANL: the world champion of ECRIS charge breeding

e A 55 mCi 232Cf fission source provides radioactive species for charge breeding
T,,=2.6a 3.1% fission branch
— Maximum approved source strength of 1.0 Ci, delivery expected in summer 2012

e 22Cf fission yield is complimentary to uranium fission
e Stopped beams or post-acceleration energy up to 10 MeV/u

Isotope Half- Low-Energy Accelerated
life (s) Beam Beam
Yield (s?) Yield (s?)

1047, 1.2 6.0x10° 2.1x10*
143Ba 14.3 1.2x10’ 4.3x10°
185g, 4.0 5.5x106 2.0x10°
130g 222. 9.8x10° 3.6x10*
132g, 40. 3.7x10° 1.4x10%
11010 2.8 6.2x10% 2.3x103
1Mo 0.5 3.3x103 1.2x10?

@52 27th of May 2012, Padova



Argonne

ANL ECRIS charge breeder

* Multiple frequency operation
— Klystron: 10.44 GHz, 2 kW
— TWTA: 1113 GHz, 0.5 kW

* Open hexapole structure
— RFisinjected radially
— Uniform iron in the injection region for
symmetrical fields
— Improved pumping to the plasma chamber

region ——
- B : 8 7))
ase pr‘essure 2_xlO mbar <<<//<//<(</(\
 Operation: 7x10° mbar *  Movable grounded tube ‘
 Extraction pressure: 4x108 mbar with 2.5 c¢m of travel y““““‘
» - * 50kV high voltage ’ 7 // -
'1 isolation o
0.9 175
> 08 Design value  Running condition
S 07
S 06 I Biny 1317 1.16 T
G g
05 142 g25+ by
3 o s 175 S Biin 0.31 0.27
E 03 133 g26+ é Bext 0.85 0.83
S 02 - 25
0 25 Last closed surface 061T
-125 -75 -25 25 75

AV =Veeg - Vi,
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Argonne

NATIONAL LABORATOR!

Breeding efficiency (%)

¥

Impressive results

Radioactive beams with soft glow around markers

P
e ANL . 39K 10+
+ |ISOLDE 34Kr1f+
+LPSC R, . 143527+
" TRIAC Rbﬂ :29 25+
« TRIUMF 40pr9* o *TXe
1B+
143Cs27* BKr12+
L O
.- 7415+ o
Latest addition K" 16g22+ 30K 6+
Nov. 2011 4 55\ n 14+ 107ag17e  95Sri4r 208ppy25+
“Fely 51385 522+ . 2ntet
Py * 139] 523+ 209R26+ 238| J28+
23N36+ TBRb15+ 124C520+
3 4 5 6 7 8

AlQ

27th of May 2012, Padova



Latest news from TRIUMF

A number of charge bred radioactive isotopes

isotope efficiency  1(in)[1/s]  background 1503
[%] [PA] o]
46K 9 | 511 0.5 4.0E4 340 5
64Ga 13 | 4.92 0.7 8.4E4 150 188y
< ]
64Ga 14 | 457 0.75 8.4E4 210 5 ol
74Br 14 | 5.28 3.1 3.2E7 10000 ° 5
1E-10 4 3
74Br 15 | 4.93 2.1 3.2E7 25 f '
78Br 14 | 557 45 2 8E7 AIBr 20 T
74Kr 15 | 4.93 6.2 2.1E6 25 e
4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2
76RDb 15 | 5.07 1.68 3.8E6 15 _ Alq
’8Brl4* (1E6 ion/s) A/q = 5.57 amu/e
80RD 13 | 6.15 1.17 5.7E7 35 o
5 * injected as AIBr from ZrC target
80R 14 | 5.71 1.1 5.7E7 70000
* accelerated to 5MeV/u
122Cs 19 ] 642 1.1 3.1E5 6 * measured at TIGRESS detector

Fighting against large background from stainless steel and residual gases

U 27th of May 2012, Padova



From Stainless steel to Aluminum

* Significant efficiency increase with an

Al plasma chamber

* Injection/Extraction electrodes in Al

* Iron plugs coated with ultra-pure Al (as

for TRIAC charge breeder)

efficiency [%]

00 11 12

13

14

15
q

16

17

18

T -
steel Al
48K 9+ 0.67%
46K+ 0.5%
80Rp 15+ 4.5%
(6.5%

76Rp15+ 1.68%
124520+ 1.37% 2.0%

19 20

80Rb charge state distribution from Al plasma chamber
with different injection/ extraction voltage

SLTORES) )

27th of May 2012, Padova

Background significantly reduced
More news in the next few weeks

Pen Duick Il



Charge breeding for future ISOL facilities in Europe:
the EMILIE project

« Enhanced Multi-lonization of short Lived
Isotopes for EURISOL »

NET )
O\

Consortium of 8 europeans laboratories aiming at SPES, HIE-ISOLDE, SPIRAL 2
and ... EURISOL!

- /—} SYERSr,
caNIL 77 =
S0 1% @ INFN i&- _i9%1d&

oiépasser Jes ironiléres " i Fisica Nustearms JYFL

Coordinator o Dep. Coordinator

SO

J. Angot, G. Ban, L. Celona, J. Choinski, , P. Delahaye (GANIL IN2P3, coord.), A. Galata (INFN, deputy coord.), P. Gmaj, A.
Jakubowski, P. Jardin, T. Kalvas, H. Koivisto, V. Kolhinen, T. Lamy, D. Lunney, L. Maunoury, A. M. Porcellato, G. F. Prete, O.
Steckiewicz, P. Sortais, T. Thuillier, O. Tarvainen, E. Traykov, F. Varenne, and F. Wenander

* Testing a CW EBIS concept: EBIS debuncher
e Gaining understanding in ECR charge breeding

27th of May 2012, Padova
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s EBIS debuncher: motivations FTVTE T
H\ﬂz': 192919

Suggestion for EURISOL: 1+ beam from
P. Delahaye, O. Kester, C. Barton, T. Lamy, M. Marie- the target - ion
Jeanne, F. We crtimnn it

CW EBIS charge breeder

Less dead time, piling-up and fake coincidence
problems

C REX-EBIS and MINIBALL: data acquisition problems
with intensities as low as 10°-10° pps

Bunching Char < | I— I | |
RFQ select r i ) )
RFQs- - |' ﬁM / } High-resolution
sC e—

P .-nln-&-r
cavities EBIS chaIIenges:
uvac  For mid term ISOL facilities time structure is the prime
issue before space charge limitations

1
To low-energy areas ECRIS U

Charge breeder l

To low-energy areas

CW beams!
Detail of the EURISOL Layout

Modified from P. Butler’s presentation, NuPECC meeting June 2007

27th of May 2012, Padova
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A Paul trap as debuncher

e Linear RFQ under UHV

— De5|gn completed by LPC Caen!

e Simulations ongoing

SIMION ®

Flatening

CW injection or 1 1
bunching in aRFtrap _
(more efficient)

See Emil Traykov’s poster

12%1 9

CW EBIS concept

Breeding to

1 EBIS Ihlghcharge

states

Mass separation nwi |

Long Paul trap

intrapdecay ' fla | 1 mmm e o o
n trap decay :I . : : .:
I 1! Slow extraction I
cwW RFQcooler i ! :B # I
I 1 1Buffer trap X
‘ .:_/i\) p 1 PseudoCW |
— - L | - 1 ] |

bl :—J—Jl
"' Tof orlA,/q sep. :
I
I

the time structure

[C%U nts]

Using the energy spread

O O O O O o o o o
O O © VU O © OV O O
N 00 < O O N 0 < O

= N N nHO Nn I N

age

time
[us]

5660
6260
6860
7460
8060

Tests in GANIL in 2013 with ECRIS chopped beams
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Gaining understanding on ECRIS charge breeding

e Optimization of the Phoenix charge breeder for SPES, SPIRAL and SPIRAL 2

LPSC inventor of the ECR charge breeding method

First operational ECR charge breeder design: LPSC PHOENIX BOOSTER
Two copies Tested at ISOLDE and TRIUMF (presently operational)

A few upgrades performed
Symmetrization of the magnetic field at the 1+ beam injection

High voltage improvement
Grounded tube suppression, HF coupling improvement

Unique test stand fully dedicated for ECR charge breeding experiments
= g er

Available for EMILIE
experimental program,
and for LPSC R&D

LPSC - SPIRAL2 charge breeder

GUIOREE) )
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Extensive simulation program at INFN s

NUMERICAL SIMULATION ON:

MW coupling to the
Phoenix Booster:

e Influence of the Grounded Tube

*Taking into consideration the
Magnetic profile

v

1+ Beam Capture:

*Influence OF the ECR plasma

*Low Mass Ions Injection

*Influence ON the ECR plasma

v

CONCEPTUAL DESIGN
OF A NEW PLASMA
CHAMBER

INTEGRATE AN
EXISTING ECR PLASMA
SIMULATION TOOL
DEVELOPED @ Ll\LS
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A MATLAB code
solves the equation of
motion of a single
particle:

MATLAB

__________________

__________

emy) + Eem_r -

(E{m Up +Erm Uy) v ]

(v ][ v. B, — v B.) + (f'zBemr — Uz Bem, ) + @
1

—§(E;nba}—%fgnwwy)rﬂ

i
F("')[_B;r‘“y + ""J'By - Bt"m,r"‘y + '“;r
1

) (Ee-ml- Uy + Eemy'f‘y) '":} (

.
Magnetic and electric

fields associated with the

pumping wave

Modeling of electron and ion dynamics with
Monte-Carlo calculations: ELECTRONS

)
INFN

vxB+E, | (i)

3
: va\Ver oo o o - 1= _\.
Si) s e

MATLAB solves the six first
order ODEs by means of the
“ode45” Runge-Kutta routine.

- 3000 electrons/week, 8 CPU

- 0t = 1012 s ~ 10 points of
integration per Larmor radius

- Collisions are taken into
account




nen  The pattern of the electromagnetic field influences also the plasma

. densi Ty distribution so:
WHICH 1S THE INFLUENCE ON THE CAPTURE OF
THE 1+ BEAM?

¥ 10

Electric field pattern Plasma density distribution in
e proximity of ECR surface
0t
145 ™
18000
14
16000
005
~
145 - 14000
=3 ~12000
o L 10000
24 ™
-{B000
2
0105 BO00
N
1.5 4000
1 2000
0.1
0.5 ™
. NOTE that the plasma is almost completely

confined inside the resonance surface 29
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Summary experimental work

e At LPSC
— Hot 1+ ECR source
— New hexapole for Phoenix
— New plasma chamber from studies from INFN

* AtJYFL and HIL

— Tests of metallic ion beam production with double RF
heating in ECRIS

* At GANIL

— Optimization of the SPIRAL charge breeder towards
light masses

VAN

=)
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Sranats s IN2P3
Les doux infinis

Subatoaique et de Cosmalagie

- 11 | T

NeC - A 7 - Py PR [
2.45 ana 5.7 GHz nhot ion sources UEVEIUPT 1€l

Most of the experimental time on the tests stand is spent on the 1+ beam tuning

Purpose: to decrease this time in order to focus on the 1+/n+ process optimization itself

To establish confident efficiency measurements
Intensity (~ 200 to 1000 nA) and stability have to be highly controlled
A few low charges have to be produced to study the capture process

Source developments based on the COMIC source (2 prototypes foreseen 600 and 1200 °C)

Extraction Source

Microwave
(0-10W)

Thermal analysis under study (ANSYS)




. Grensbie TS TR WINCTE
Labaratoire ge Prysigue
Subatoatque et de Cosmalogie

PHOENIX Booster magnetic field optimization

Hexapole change for optimum 18 GHz operation

Present hexapole
with two iron rings

Future higher diameter hexapole
without iron rings

Higher magnetic field gradient and shorter Booster to be studied

To take advantage of the PHOENIx-V2 source improvements for the SPIRAL2 Phase 1 project
Higher charge states
Better plasma (i.e. ion beam) stability

)

%mzm
Les doux infinis

e

Mg
=



o BN 1? I

\v ey AN =
(&]UL! laboratolne commun CEADSM ' Z, CNRS/IN2F3
S)

Phoenix charge breeder upgrade and installation at SPIRAL

ST Remote controlled injection tube
= AR Modified HF injection
: UHV design

AN

A ,{ : pure beams

i

Optimization towards
light masses

Latest tests at ANL: up to 9.6% Na®*and 17.7% for K10+



Thanks a lot for your attention

and thanks a lot to my friends and colleagues:
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Charge breeding in an ECR

Equipotential : ¥V +V
Non divergent / gt exirie Pz

monoenergetic
1* won b::iuu}xl. Wi r
I 1+ beam

u} =

Grounded

F
ube [
|lll |
Intermediate area ;/ . Grounded
neniralizing electrode
i i £ 1 ¥ ——
“electromic™ sheath Warm mi[l 1onal Hot colhsional TV .
cdge plasma core plasima
B, max injection -

/’ T B, max extraction

frr=0Bgcr/M

R. Geller, E/ectron Cyclotron Resonance Ion Source and ECR plasmas,
IOP, Bristol, UK, 1996.

Essentially a CW device, but can be pulsed
36



Analogy
e <g>~log(n,.w.T)

slow electrons
Fast ions n,~10%*cm3

E/A~x MeV/u w=10°cm/s
Stripper => N+ T~10Ys

. N,.w.t>10%%cm-
foil

Fast electrons
slow ions

ECR charge n,~10*2cm3
breeder lT l T l © N+  E,~x keV w=10°cm/s
""" 1025

ECR plasma

aL;_’J//_ﬁ{ Geller, Annu. Rev. Part. Sci. 40,15(1990)



Modeling of electron and ion dynamics with
Monte-Carlo calculations

Particle is extracted randomly
inside the ECR volume, from a
MB distrib. with T=100 eV

)i
)

A 4

Equation of motion solved with
time step 6t= 1012 s. Integration
time t=5 us (250 us for ions).

Check for
max time or
confinement

Store the particle trajectory in
fully 3D phase space on HD

/L

Qt every &t

After a fixed At a “for” cycle over
the particle trajectory permits to
find eventual collisions

true

<

A

|

The particle’s positions and energy
exchanges with fields at each time
step are stored with mm precision

Check for
collisions

The particle trajectory is curved
of 90°, conserving the energy,
and the integration continues

inside two 3D array




2012 | 2013 | 2014 | 2015
TI T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4

Hot Source 600 °C - 2.45GHz - Wall recycling
Hot Source 1200 °C - 5.7GHz - Wall recycling

New hexapole

New Booster magnetic configuration *

Experiments with new magnetic config ‘

Blind tuning experiments *
2 frequencies heating experiments *

3
)
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Example: Post-accelerated beams for SPIRAL 2

Baseline scenario: Phoenix ECR charge breeder from LPSC
Limitation in energy, especially for the second fission bump

1325n

e
|

Charge state Energy Intensity (pps)

(AMeV) Not favourable for

18+ 5.0 1.857 transfer
experiments!!

25+ 9.6 1.8%6

Solution: EBIS + buffer trap = CW EBIS

ISCOOL like RF trap

REX-EBIS

1329133+ js feasible!

(138-144Xe34* already done)

No intensity decrease +
Up to 15 AMeV

Pulsed device (10-500us pulses)
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« Enhanced Multi-lonization ot snort Lived Isotopes for
EURISOL »
Charge breeding techniques for ISOL facilities

: . Partner Funds
Improving performances of charge breeders based on:
e EBIS IN2P3 (coord) | 250k€

» Testing a concept of debuncher using a Paul trap to

INFN 80 k€
produce CW beams
ECRIS HIL 159 k€
» Improving charge breeding efficiencies for metallic ions JYFL 24 k€

Consortium of 9 europeans laboratories including CERN as associate partner
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J. Angot, G. Ban, L. Celona, J. Choinski, , P. DeIahaye (GANILIN2P3 coord.), A. Galata (INFN, deputy coord.), P. Gmaj, A.
Jakubowsklsf ; qgmﬁ alvas, H. Koivisto, V. Kolhinen, T. Lamy, D. Lunney, L. Maunoury, A. M. Porcellato, G. F. Prete, O.
Steckiewicz, P. Sortais,; ¥ Thuillier, O. Tarvainen, E. Traykov, F. Varenne, and F. Wenander




current [A]

background stainless steel plasma

chamber
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background = 20 pA

270 M7IN11

F. Ames, CSB status, high mass RIB
workshop, TRIUMF
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efficiency [%]
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charge breeding efficiency
67 B HV12 | - of radioactive ions from stainless steel
) B HV20 | - and aluminum plasma chamber
5 .
. increase of efficiency
3 - steel Al
I ] 48K+ 0.67%
2- I N
46K+ 0.5%
1- . 80Rb15+ 4.5%
(6.5%
76 15
10 11 12 13 14 15 16 17 18 19 20 Rb®>* 1.68%
q 124Cs20+ | 1.37% 2.0%

80Rb charge state distribution from Al plasma chamber
with different injection/ extraction voltage

F. Ames, CSB status, high mass RIB
workshop, TRIUMF

Novemberi2g,
2011
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CARIBU — Californium Rare lon Breeder
e A 55 mCi 232Cf fission source proviupgﬁa\dﬁecies for charge breeding

— T,,=2.6a 3.1% fission branch
— Maximum approved source strength of 1.0 Ci, delivery expected in summer 2012

e 22Cf fission yield is complimentary to uranium fission
e Stopped beams or post-acceleration energy up to 10 MeV/u

Isotope Half- Low-Energy Accelerated
life (s) Beam Beam
Yield (s?) Yield (s?)
1047y 1.2 6.0x10° 2.1x104
143ga 14.3 1.2x107 4.3x10°
145Ba 4.0 5.5x10° 2.0x10°
1305 222, 9.8x10° 3.6x104
1326 40. 3.7x10° 1.4x10* mmmmzezemee
11000 2.8 6.2x10° 2.3x10° | =S
1Mo 0.5 3.3x10° 1.2x102 - " g
o | I . " i
u : v
I [ H =10
HH N 5 r-process path = 10° - 10°
g, ' m 10*-10°
1 wzpal Limit of “known" masses ST
= " e a 10’ -10°
E R R UB - R. Vondrasek—Septémber 12-16, 2011
S B,

ICIS2011



ECR charg

e Multiple frequency operation
—  Klystron: 10.44 GHz, 2 kW A
—  TWTA: 1113 GHz, 0.5 kW

] 3.3
i =

e Open hexapole structure
— RFisinjected radially
— Uniform iron in the injection region for
symmetrical fields
— Improved pumping to the plasma chamber

region =y e

b 4 - o=
e Base pressure: 2x108 mbar %

A&

* Operation: 7x10°® mbar «  Movable grounded tube B
* Extraction pressure: 4x10% mbar with 2.5 cm of travel >4

* 50kV high voltage
isolation
175
g Design value  Running condition
g - 125
£ : Bin; 1.31T 1.16 T
F: L 75 3 Bnin 0.31 0.27
g L B.. 0.85 0.83
5 - 25
=
-25
12 7 2 % R.Vomdrasek Septemb 12?(rad(;al)1 86T
AV = Veeg - Vi, Vondraseic september 1218¢0dfhsed surface 0.61T

ey ICIS2011 15



Breeding efficiency (%)
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Charge breeding results — ANL CARIBU

lon Species n+ Charge State Efficiency A/Q
(%)
23Na 7+ 10.1 3.29
39K 10+ 17.9 3.90
84Kr 17+ 15.6 4.94
85Rb 19+ 13.7 4.47
129X e 25+ 13.4 5.16
133Cs 27+ 13.0 4.93
143Cs (1+) 27+ 11.7 5.30
tl/Z = 179 S
143Ba (2+) 27+ 14.7 5.30
t,,=14.33s
ALIFO g R. Vondrasek September 12-16, 2011
(=22} vyu\-ﬂu//_j ICIS2011



