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Physicists need more exotic beams to B

study the nuclei properties %0
—SP1 should extend its RIB’s palette >0
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= new target m < Nb but C primary beam 0

10°

10

10°

10?




SDIDAL 1 NANOGAN [« LT
.
Upsrade '

EEEEEESEENEE Y "
EENNENEEEEEEEEE

Based on Phoenix booster + ANL collaboration

Improvement of our charge breeder
according to the feedback of EMILIE

(e@ﬁ[! o collaboration mg
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The research leading to these results has received funding from
the European Union's Seventh Framework Programme under
grant agreement n°262010

v Two RF ports 14.5 GHz and 8-18 GHz
v New design of gas and RF injection

v' Symetrisation of the iron plug

v Movable deceleration tube

v Plasma chamber made of Al

v Nickel coating of the iron plug
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Electrostatic QPole  Mobile deceleration HF : 14,5GHz
Focussing/steering tube + 8/18 GHz

Extraction side

Injection side

Puller and Einzel lens
movable
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Experimental results at LPSC

Tests on the LPSC 1+/N+ test bench

Double Einzel lens

1+ Spectrometer

L. Maunoury GANIL ECRIS16 Busan



Lmﬂ — | Experimental results at LPSC

Residual gas pressure influence

Residual gas pressure plays a major role on
the charge breeding efficiencies as awaited
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Charge breeding efficiency Rb%* (%)
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Pinj * Pextr
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‘ Movable tube influence \

Charge breeding efficiency has a smooth evolution with the
position of the deceleration tube
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b . | Experimental results at LPSC

‘ Movable tube influence ‘

Charge breeding efficiency has a smooth evolution with the
position of the deceleration tube

14
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Charge breeding efficie

ncy versus deceleration tube position 39K + He
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Not a relevant
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‘ Comearison of direct ionization with 1+/n+ method \

13% Ar" 18.9% Aré*
Ar"* + 0, lonization efficiencies Ar™* + He lonization efficiencies )
20 AV -60V 20 AV -T0V
18
9.8 ms/q 18 10.9 ms/q
16 16
- -1+ /in+ X -0-1+/n+
& ~-Calibrated leak o 9 - Calibrated leak
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Z(AI™)14jne ~ 66% Z(Ar™)game ~ 67%

Z(Ar™ )camrated leek ~ 42% Z(Ar™ ) oatrated leak ~ 55%

Flux of the callbrated leak ~ 15 pAp Flux of the calibrated leak ~ 15 pAp
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¥~ | Experimental results at LPSC

13% Ar'" 18.9% Ars*
AV '60\, Ar"t + He Ionlzatlon efflclencles AV -70V
18 | ; 9.8 ms/ 7 10 9 mslq
14 - —1+/:n+ =~

-@-Calibrated leak
12 | | Is the 1+/n+ method
‘| | a better way to ionize

element?

Ar" + 0, lonization efficiencies

Efficiencies (%)
=

14

E(AI'""' )1+In+ ~ 66% E(Ar“"' )14.,".,. ~ 67%

Flux of the callbrated leak ~ 15 pAp Flux of the calibrated leak ~ 15 pAp
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‘ Buffergas influence \

CSD of 3°K versus buffer gas
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| Buffer gas influence \

CSD of 3°K versus buffer gas
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AV spectra of alkali elements
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AV spectra evolution \

AV spectra of alkali elements

bmﬂ . | Experimental results at LPSC

Similar AV spectra
with FWHM of ~7.5V
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-Lm = | Experimental results at LPSC

Charge breeding time evolution
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® SPIRAL1 charge breeder 39K + He
50 ®
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Charge breeding time evolution | T
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* New targets

Experimental results at LPSC

SPIRAL1 SPES CARIBU LPSC ISOLDE
Charge Charge Charge Charge Charge
lon A/Q Efficiency Breeding |Efficiency Breeding | Efficiency Bre.eding Efficiency Breeding |Efficiency Breeding
(%) Time (%) Time (%0) Time (%) Time (%) Time
(ms /q) (ms /q) (ms /q) (ms /q) (ms /q)
ZNa  3.83 37 60
BNg™t 3.29| 60 7.4 10.1 38 74
ZNg® 288 | 5.3 8.6 32 838
e . | 10 ] [vH 56 167 | 8 54
T *%k* 433 117 39 tHe
M1+ 390 | 8.0 179 157 | 62 60 | 1.7 10
ar%* 500 189 109 | 162 9.1 16.2 98 | 135
a1+ 364 129 9.8 8.4
Hxr'>* 560 10.7 10.0 4.0
17 4.04 15.6 120 8.5
SRp!™ 567 115 106 | 75 133 | &
56%) 85ph!* 468| 84 158 | 78 282 | 137 779 | 13 120 -
®Rp'* 4.68 129 121
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Charge Charge Charge Charge Charge
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BN 3.83 < 3 4 6.0
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408+ 500 BUT also charge 13.5
4011+ 364 breeding time !
8415+ 560 4.0
MK 4.94 : :
BRp'™ 567 115 106 | 78 133 | &
96% pL!%* 468| 84 158 | 78 282 | 137 779 | 7.3 120
®Rb'" 4.68 129 121

L. Maunoury GANIL ECRIS16 Busan




- SDIDARL 1 Qoo [« [EETEN
. / Up-l ade ; o 0 surtace
® .Iﬁ.....‘..ﬁﬂw. New targets

"ERNNENEEEEEREER

1+n+ Conversion

Time (ms)
*Na™ 51.8 48
K> 117 190 1+n+ conversion time plays a
3B/ 35.1 190 major role

a8 87.2 98
"Rb™* 300.2 64.8 | PhD under progress
K>t 51 100

Day 1 RIB

1+n+ conversion time
should be controlled

Radioactive decay losses

Behavior as stable

Experimental study => more systematic data collection depending on
CB operation conditions

Theoretical work => creation of code based on coulomb force
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SPIRAL1 Design with
the Charge breeder

New features on our Charge breeder

v Coating of a pure Al layer 99.999%

=> beam purity

v Plasma electrode using a grid =>
better residual gas pressure

v Deceleration as well as puller
electrodes with holes => better
residual gas pressure

Plasma electrode

= ANL advice
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Towards the Day 1 RIB

1+ beam intensities (pps)

Post-accelerated
10°
Nbo [“ca |“ca |*ca |**ca |®Ca “ica ““ca “ca |"Ca |“ca |*Ca beams

Pk K ¥k TR iy |k 107
182\1 “ar *ar Tar pr “ar 2ar “ar “ar “ar “ar |7ar [“ar 6 17 _

2o [®a *cl el Fcl ol Yo “cl “c el “o |“cl (Yo 10 38mK (T1/2=9242m3) 9 A_Mev F (T1/2—64498) 7 A.Mev
o QWP CPEECEP =7 Coulomb excitation  ACtVe TARget (ACTAR)
14_ si |Psi |Psi [Ysi [®si [®si [Ysi [®si [¥si |“si [“si [“si [“si |[“si ; 104 experiment . experlmentzo

j“i"’m b U VI VI V. o VIl . VIR o VI VI o VR i VIR LT VR Y Y —%103 Primary beam 4oca Prlmary t)seam Ne
| ~10° pps ~10°pps
Ll Bl e Bl T =" icci i

N _
. 1+ n+ post and
Charge breeder | Going through 1+ n+ mode post-accelerated
alone mode beam mode
TISS
Charge Breeder
CIME
Stable lons / GAS 1
Stable lons / NANOGAN TISS 2 3
Condensable - stable - lons / Test TISS 4 5 6
Radioactive lons / FEBIAD TISS [7\ /é\




SPIRAL1

FEEMEEEEEEEEREERED

= B O NANDGAN BLAD
Z L]
- 8 Upsrade ( 0 surtace
« « OEODOEOEEEEEX
w7 ANEEEEAESEEEEETE Newtargets

Towards the Day 1 RIB
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In conclusion:

v The Spiral1 Charge Breeder has been modified with
success

v Experimental results have proved the high performance
of the CB

v Charge breeding time should be controlled => more
experiment should be undertaken

v Margin for increasing the charge breeding efficiency
especially for elements with light masses
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See you at the ICIS 2017 - CERN with
radioactive beam results !

Thank you for your attention
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Previous SPIRAL1 scheme

Multi-charged TISS
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Lmﬂ — | Experimental results at LPSC

10.00

9.00

8.00 S°Kr + 02 ™ 2'\:;’%4;3("15
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F \

S 500

/ \
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Low efficiency BUT fast charge
breeding process

"< 86K10+ => 3 1 ms/q
86Kr15* => 3.4 ms/q
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2.00
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