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Production: que recherch¢-on?

V Produire en grande quantité

V Etre efficace

V Etre le plus rapide possible,,Ipeut étre court < ms)

V Etre sélectif (contaminants stables ou radioactifs produits intensément)
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=> application a GANIL

SPIRAL1 (2001)

RIBs production
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Des experiences de Phusicues réuissies
Existence of unbounéH using the active target MAYA [1] 7 éléments

élection denighlights

Searching for signatures of physics beyond Standard Model by measufing
the b- n angular correlation parameter in the decay®bfe atLPCtraf?].
Table of elements

Probing the neutron distributions imorromeannuclei from charge radii
measurement using a laser trap [3] and transfer reactions [4].

1 H

Study of quantum tunneling at themtometer scaleg probing the c 5 F
interplay between intrinsic structure and the reaction dynamics of the -
colliding nuclei around the Coulomb barrier using beanfsfide [5].

VoWV, VI

E3

|=
o

&

[

4 K Ca S¢ Ti V Cr
Resonant elastic scattering for probing the role of unbound nucleii
explosive combustion of hydrogersee for instance [6].

>
5]

Evolution of N=20 and 28 shell closures far from stability and the emerg
of new shell gap at N=16, using neutron rich beams of NeAs{i7dl P. Delahaye

[1]: M. Caamanfieet al, PhysRev Lett 99 (2007) 062502.

[2]: X. Flechard et al., Phy®ev.Lett 101 (2008) 212504.

[3]: P. Mueller et al., PhyRev Lett. 99(2007)252501.

[4]: A.Chatterjeeet al., PhysRev Lett. 101(2008)032701.
[5]: A.Lemassoret al., PhysRev Lett 103 (2009) 232701. | ...IMIAIS les physiciens ont besoin de plus !
[6]: W.N.Catfordet al., PhysRev Lett 104(2010)192501.
[7]: L.Gaudefroyet al., PhysRev.Lett 97(2006) 092501 and Phys. Restt. 99, 099202 (2007)
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Nouveautés

V Fragmentation de la cible

12C + A=max Nb => optimisation des taux
de production

fusionévaporation

V Ensembles ciblsource dédiés a des
FILYAEES RQSESYSydaa

V Booster de charge pour adapter la
charge a CIME

Ensemble cibk&sSourceNanoganli(N+)
Ensemble ciblsource FEBIAD (1+)
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Les composantes necessaires au
premier faisceau...
Fragmentation du Nouvel ensemble Implénmentation
projectile Cible source FEBIAD Booster de charge
XA +12C

'z\/‘ Faisceau 1+ Fai_Scea_u N+
Dy radioactif

Faisceau GANIL
e.g “*Ar@95MeV/u

2000°C
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Les, premiexs faisceaux...

N+ radioactif NANOGAN

Expérience E744 230*@7.5Mev/u T,,=70.59s Faisceau Primaif€’®+*@95MeV/u
~1300W sur cible

Taux mesure avant upgrade 1.0 1@pps sur cible physicien (E569S)

Taux mesure apragograde 2.7 10°pps pic surcible physicien

Expérience E786S £Ar*@10Mev/u T,,=7.8s  Faisceau Prim&if€d”**@60MeV/u

~600W sur cible
Taux mesure avant upgrade 2.0 1@ppssur cible physicien (E427S)
Taux mesure apragpgrade 7.0 1@pps pic surcible physicien

Expérience E737=28"K&@9Mev/u T,,=924.6ms Faisceau Primair®C&?°*@95MeV/u
~ 800W sur cible
Nouveau taux mesuré apragpgrade 8.0 10°ppssur ciblephysicien pour 5.0 1%ps requis
4.1 1@ppssur ciblephysicienisomeére + Fondamentale
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Perspectives a moyen et long terme

Réactions de transfert auprées de Mesures de precision pour tester le
MUGAST/AGATA >2020 Modele Standard a DESIR!
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Structure autour de N=Z=28!
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Perspectives a moyen et long terme

Nouvelles réactions Nouveaux Amgelioration du
o ensembles Booster de charge
Fragmentation cible aveéC+A Cible sousee

Fusion- évaporation V Efficacité: optique 1+

303
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Court temps de vie
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2Mg  2,0.16 “Ge 15.10 .. double fréquence
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Graphite Cible graphite conique: lamelles ép. 0,5 mm

Cible existante

100

101 |

Efficacité de diffusion-effusion

102 | . -
C - E, = 2.38(0.19) eV ]

Faisceau Ar - s
1500 W ! | ' 15(D0)—‘- 6( '. ) em s |

1400 - 1500 1600 1700 1800 1900 2000 2100 2200
Température (K)

Zone arriere froide.
These L. Maunoury
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Niobium Design de la cible Niobium
Distances variables

< Espace 1 mm S < Espace 1,5 mms, 5Esp. 2 mm, ¢ Esp. 3 mm,

Faisceau annulaire distances variables
uniforme 3446 W 2500 : : _
Wooooo do0e e

O 2000 4 . . _ “ _ I
E: 0,2 €

@ 1500

3

[

‘@ 1000

j=

£

= 500

0 ;
0 10 20 30 40 50 60 70
mm
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FEBIAD ion source : développement depuis 2011
Principale difficulté:

Dilatationthermique du tube de transfert
Cooledvacuum ~ Oven~—production target Longueur du tube transfert :
vesse -20°: 62.5mm

VADIS

lonization source

~ .4 Transfertube
\5 ./ - 2000° : 62,5 + 1.5mm
Thin foil (Ta) / =r A e

Mise au point d’un systeme
mécanique/électrique capable de
passer ~300A a 2000° et acceptant
un mouvement

i

\

Radioactive atoms
Driver beam
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Charge breeding in an ECR

Booster de charge

Non divergent 7 Equipotential : V., * vphm-\

. ) |
monoenergetic
1* ion beamat V. . \ V r
I n+ beam
s e |

Grounded |
ube
Intermediate area / Grounded
neutralizing electrode
“electromic” sheath Warm collisional Hot collisional T Ve
edge plasma core plasma

B, max injection

/x Non
B N

7 N\ v \’
U
frr=QBecr/M

R. Geller, Electron Cyclotron Resonance Ion Source and ECR plasmas,
IOP, Bristol, UK, 1996.

Essentially a CW device, but can be pulsed
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ECRIS charge breeding efficiencies

Charge breeding Efficiencies (%)

Qe
0 L
<+ = Phoenix ECR charge breeder (ISOLDE + LPSC)
- L
e L
qc) 25— A ANL ECR charge breeder
oS [
= L
W20 a0
B a0 8+ i By 17+
15— * A 143Ea27+
—  4OAr® 850 19+ 129y, .25+
B 39K91*Ar9+ A Rb er‘wscszh
ZsN 8+ " sAy 17+ 'EECS:__* ‘143 27+
10— a * EEVE r 133c52?+* Cs
_23Na?+* \o 6. m*1§§Rb19+1 21
K AL ssppio: | SN 132y g1
L 2Ned u A 85Rp 19+ *
5_23Na}'- . . 61Mn14+ strhu 2mpb25,
1304+ [coz) * * 6+N§9K10f u j 139L323+(L30) 209528+
e L * Na Mo 10+ 109=g17+ .l 139L§:3+ Bi?
133, 26+
_| 1 1 | 1 1 1 I 11 1 I 11 1 | 111 | 1 1 1 I 111 I 1 |s| I | I | 111 | 111 I |
00 20 40 60 80 100 120 140 160 180 200 220
(amu)

P. Delahaye, NIM B 317(2013), A
J. Angot et al, THYOO02, ECRIS 2012
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Optimizations within (@ﬂ!@b

EMILIE 2012-2014

% LPSC charge breeder
% ANL charge breeder

H. Koivisto et al, RSI 85 (2014)

L. Maunoury et al, RSI 85 02A504 (2014)
T. Lamy et al, ECRIS 2014

R. Vondrasek et al, RSI 83(2012)113303

EMILIE 2015
¥ SPES charge breeder
% SPIRAL charge breeder

A. Galata et al, RSI 87(2016)02B507
L. Maunoury, et al RSI 87(2016)02B508
P. Delahaye et al, RSI 87(2016)02B510
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Booster de charge

Charge breeding efficiencies for some alkaliions

25
O 9+(17.1ms/q)
20 o 9+ (6.4ms/q)
= 9+(16.7ms/
S1s o™ > 19+(77.9ms/q)
> + .2ms/q -
§ M 9+(13ms/q) 8zo+ (8.8ms/q) 2277:(_())
] 10 = 7+(-) 834+ (23.2ms/q)
& 19+ (15.8ms/q) " 27+ (9.6ms/q)
® 9+(5.4ms/q) I19+ (28.2ms/q)
s m 7+(7.4ms/q) 19+(12.0ms/q)
m 7+(7.4ms/q)
0

Na K Rb Cs

O REX-EBIS M Phoenix at LPSC [JCARIBU ECRIS M SPES Phoenix B SPIRAL Phoenix
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Charge breeding times (%@D

Charge breeding times/q (ms)

90

" 74\

60 ¢ LPSC
50 m SPIRAL
10 A SPES
30 y Y

® ANL

" OWMUES
Y

Na7+ K9+ Rb19+ Cs27+

Charge breeding time/q (ms)

lon
Scatter a lot for similar charge breeders!

Depend critically on support gas (He/02), RF power, 2RF heating, magnetic configuration...

Puzzling situation
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Npps = {[(O.G.R) . EECS]} X 0.,56%

Production yields in target: N

TISS efficiency: €
80%
7%

10%

105+4pps orphysictarget,
1056ppsis neededat the extraction of TISS
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1.2 |
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B
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. w O
0,8 Bmin e o oo L L
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2 4 75 17 24

Beam Energy (MeV/A)
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