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Outline

Introduction : SPIRAL1

|.  Beam production

What are the limits ?
II. Acceleration

How are we improving it / How could we improve it ?

lll. Beam purity
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Tomorrows technologicalchaflenges and ossocioted skils

y 4 ~- « New target lon Source Systems (FEBIAD)

New 1+ sources

Charge TISS

Nanogan MonoNaKe FEBIAD TULIP
For gaz For alkaline For condensable  For proton rich isotopes

* The charge breeder
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Beam production

FEBIAD

D FEBIAD For condensable

0 Surface
. . MonoNaKe | -Ili-grL:)foton rich
AREEREREEEEEEETE Ocr For alkaline isotopes
o

* * ki

Limitations
primary beam power

Nanogan
For gaz

fragmentation cross-section

diffusion/effusion time (refractory materials/short half-lives)

lonization efficiency

operational issues (stability, resilience)
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The upgrades on the FEBIAD
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Insulator were the main point of failure.
* Increasing the size of the openings
» Pulling the insulators far from the hot

16 mm holes in slider

Poster ICIS
V. Bosquet

3 months in SPIRAL1

3 Machine study (2 radioactive + 1 stable)

10+ heating cycles

Efficient: 40Ar Efficiency up to 23%

Resilient: 2 days of irradiation, 15 days at 20%
40Ar efficiency and 10+ heating cycles without loss
of performance

Stable over time : same results 3 months appart
Reliable : same results on test bench and SPIRAL
and between 2 TISSes

anode
Progress in resilience and reliability

10 —@— Ontest bench
—&— In production cave
5 F ——Duringon tine test
0 | | | J
0 50 100 200
|_CA (mA)
25
g\i 20 —
)
c 15 X
Q
Q10
= .
o Calibrated leak pressure reset
<
0
14/6 16/6 18/6 20/6 22/6 24/6 26/6 28/6 30/6
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FEBIAD beams so far - *%

10 tests/experiments with radioactive beams Last test (5°Cr beam)

« FEBIAD TISSes have received 36Ar (2013,2019,2022), 48Cr rate ok (1.2E4pps/W) but very slow
20Ne (2018), 40Ca (2018,2019), 48Ca (2021), 84Kr (2022)  (elease (46min) at low beam power (30W)
and 50Cr (2023)

« 2 post accelerated beams : 3¥MK (2019), 4’K (2021)

« 90+ radioactive isotopes/isomers seen, including around
60 at post-accelerable intensities (>1E5pps).

grqupd-b1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 . 2
"1 H Elements for which we observed He
2 4 radioactive isotope =1l el 7 Target temperature for different heating
e . .
Simulations from E. Traykov
3 12115 . 2200 e o
G‘ M/ e 025
4 20| [211]{22]]23 26 || 27 2 2000 = “ ,
Ca| | Sc||Ti|[lV Fe || Co 35 ‘///’://// //‘ 05
© 1800 0.75
5 38| [39][40][41][42]|[43]|[44]|[45]46|[ 47| 48|49 |[50([51][52]53]54 oy L
Sr Y || Zr |[Nb|[|Mo|| Tc ||Ru|[Rh || Pd ||Ag||Cd || In ||Sn|[Sb || Te || I || Xe 3 ¢ 1
< 1600 7= ® 125
6 |55][56]*[71|[72][731[74][75][76|[77|[78|[ 79|/ 80| 81][ 82|/ 83 |[ 84 || 85| 86 £ / :
Cs || Ba Lu [|Hf [| Ta || W || Re|[Os || Ir || Pt [|Au||Hg]|| Tl || Pb || Bi || Po || At || Rn £ 1400 ! * 15
7 | 87|88 [*]103||104/|105/(106|(107|(108||109||110|111((112((113|[114|{115]||116(|117(|118 g // Poly-(©)
Fr [|Ra [*| Lr [| Rf ||Db || Sq || Bh||Hs Ds ||Rg || Cn|[Nh || Fl [[Mc]|| Lv || Ts || Og 8 1200 Poly. (0.25)
5 / / Poly. (0.5)
*[571][58][59][60|[61][62][63][64] 65| 66][67]68][69] 70 = 1000 Poly. (0.75)
La [| Ce || Pr |[Nd||Pm||Sm||[Eu [|Gd || Tb || Dy |[Ho|| Er ||Tm || Yb c / boly. (1
=< oly.
«[89[90[91][92][93 ][ 94 |[95][ 96 |[ 97 ][ 98 |[ 29 |[100][101][102 g 80 / e
*|Ac||Th || Pa|| U |[Np||Pu||Am||{Cm|| Bk || Cf || Es ||Fm||Md || No oly- (1.25)
600 Poly. (1.5)

0 0.5 1 15 2 25 3 35 4
Heater power [kW]
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MonoNaKe (slide credit P. Jardin) ”\%

Objective: production of radioactive alkali ions

Vacuum chamber Graphite

' { g =)

1. In-target production
by target and beam
fragmentation

» lonization by hot
I surface

c

13C 60 MeV/A primary beam

First on-line test with a Pt ionizer: 8Li* rate = 2,2.10% pps (or AlTefficiency~10- for 830 W of
primary beam), to be compared to AlTefficiency of 0,05 obtained in 2007 with a carbon ionizer.

Pt and C ionizer performances will be compared during an off-line test planned in February and
March 2024.

!
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Proof of principle: production of "#78Rb* ions

TULIP cavity P Vacuum

Radioactive

TULIP (slide credit P. Jardin)

Objective: production of neutron deficient short-lived isotopes

chamber

. \P Mo-Ni-Mo

/A Primary
beam

ion beam k w

Rate (pps)

1E+06

1E+05

1E+04

1E+03

1E+02

1E+01

+

73 74

MCP rate

+ Gamma rate

/0 u a
—
AN
laboratoire commun CEA/DRF . CNRS/IN2P3

Final objective: production
of metallic ions around
lOOSn

TULIP TISS
ONe@4,5MeV/A -->"atNj
Primary beam power~100 W

75 76 77 78 79

Atomic number

In-target production by fusion-evaporation
Short atom-to-ion transformation time

Next steps:

« coupling the TULIP cavity to a
FEBIAD ion source. Test
planned by end of 2023

* Implementation of a rotating
target (production x 7).

* On-line production test of
metallic ions around 199Sn

« Application of the principle to
the production of other
elements

08/09/2023
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Beam production (status) e
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Eriquettes de lignes. 0123 456 7 8 9 10111213141516 17 18 19 2021 22 23 242526 27 28 25 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 %2
(ide)

I ECR Nanogan (done)
Surface ionization (done with FEBIAD/M onoNake/Tulip) gy gy ———

FEBIAD (done) B

60 117 153 s
-stable or long lived 28 39 57 65 65

a0 20 26 36 49 62 52
25 34 44 59 47 32 a0

unstable/unbound
refractory element . a0 00

00 00 00
00 00 00

00 00 00}
00 00 00}
00 00 00 00 00f 0of a0
00 00 00 00 00f
00 00 00
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z
a1

BE BB LARYBS S

B

Beam production (status)

I ECR Nanogan (done)
Surface ionization (done with FEBIAD/M onoNake/Tulip) 0 0 A0 90 o o 9D Mo

FEBIAD (done)

Eriquettes de lignes. 0123 456 7 8 9 10111213141516 17 18 19 2021 22 23 242526 27 28 25 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 %2
(ide)

60)

fuzis3 a9 63 30l ol
-stable or long lived 28 39 57 65 65

unstable/unbound
refractory element 29 26 00 00

w1319 22

00 20 26 36 49 62 52
25 34 44 59 47

00 oof 11f 15
[0 od[a
00 00 00

o co oo o oo o]
00 00 00 00 00 Q0 00 00

00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00

00 00 00 a0

00] 00 00 00 00

00 00 00 00}
00 00 00 00}
00 00 00 00 00f 0of a0
00 ool
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Beam production (status)

de lignes. 012 3 45 6 7 8 91011 1213141516 17 18 19 2021 22 23 24 2526 27 28 25 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 0 51 52
(vide)
z

2

I ECR Nanogan (done)

Surface ionization (done with FEBIAD/M onoNaKe/Tulip)
FEBIAD (done)

-stable or long lived

60 14|
28 39 57 65 65 53 39 30 36 43 21 12| 00 00 00 00 8o %o
00 20 26 36 4982 52 24 [ 3| ol ool coll oo oo =

BB eHBYBS S

unstable/unbound [ 00 24 22 25 34 4488 47183 22 24 0 00 00 00 QO 00 00 00 0O
24 24 30 35 45 7 3§ aofffj 00 00 00 00 00 a0
N refractory element 29 26 31 37 44 53 60 47 31J8 <[l 0o 00 00 00 00 00 00 00 0O
» o 13 19 22 21 15 09| 6 00 00 00 00 00 00 00
» 00 000000 00 00 00 00 00 00 00
» W wwowwwmwon ]

00 00 00 00 00 00 00 00 0O 00 00 00
oo. 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00

g aofoo 00 ool 0 00 oo]ao
[l

13 0000 00 0ol 00 60 60 00 00f 0o a0 00 00 00
12 00 00 00 00 00| 00f 00 00

00 00 00 00f 00 a0

a0 o0}

00 00 00 00 00 00 00
00 Q0 00 00 00

oofflf 00
w
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Expériences/Tests en radioactif a SPIRAL

| | | d b
,\'b

o9 QO N X o o A
S N ANV N NP N\CE NN
SISO S S S S SIS

12
10

o N MO
—
(., —————

mNanogan ®FEBIAD ®TULIP =MonoNake

08/09/2023
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Beam production (status)

Briquettes de lignes 0123456 7 8 9 1011121314151617 18 19 20 21 22 23 24 2526 27 28 25 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 45 S0 51 R

(ade)

EUBBEERNUERRRYBBES 2B RYRRKYBESE AN

I 5CR Nanogan (done)
Surface ionization (done with FEBIAD/M onoNaKe/Tulip)

12
FEBIAD (done)

-stable or long lived 10
unstable/unbound 8
refractory element 6
4

ECR Nanogan (not done yet)
Surface ionization (not done yet) 2
0

FEBIAD (not done yet)
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Expériences/Tests en radioactif a SPIRAL

Qr]/ Qrb Qb‘ o Q‘b QQQ O N N O '\b‘ '\b No '<\ NN (19 (1:\ (1/(1, Q({/b Qq/b‘

mNanogan ®FEBIAD ®TULIP =MonoNake

Developments

Limitations

primary beam power

. . 12C on new target(s)
fragmentation cross-section

MonoNaKe-Pt

Fe-Co-Ni beams (hot target)
New Target(s) + 12C beam
Molecular extraction
Tulip-FEBIAD

Master Projet lons radioactifs
1 PhD + 1 Postdoc

diffusion/effusion time (refractory materials/short half-lives) -> Target heating, TULIP, Molecular extraction
lonization efficiency -> MonoNaKe-Pt, FEBIAD source heating, target outgasing
operational issues (stability, resilience) -> modifications to keep the insulators cold

08/09/2023
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E(MeV/u)

Acceleration

25

20

15

10

o

Optimum charge state

Available energies after CIME

—— Bmin/Bmax limitations
—— Vmin/Vmax limitations

—— Fmin/Fmax limitations

Limited by:

» charge state distribution at the
output of the charge breeder

« platform limitations

....
PO
....
....
.o

0 2 4 6 8 1012 1416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
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Etiquettes de lignes 01234567850V URBWBKEYBYNARBNEXTBINVIVDNB (T BIVARCUESETBODNR
(wde)

z

o Energy (Mev)
£

) - 1
¢ Emin :
3 3
b 4
2 5
H €
] 7
3 [
% 9
i 10
2 1
i 12
2 13
I )
7 15
16

15 15
14 17
b i
u

10

s

wille

Biquattes de lignes 0123456780 URBUBEYBYAAZBNSETBINAVINSITBNVAQOHEHET B0

08/09/2023

13

Targets-lons sources Workshop 2023



Charge breeding status
v

Gaz & Alkali ions

EFf (1+T)

Charge 2
18 FNe/Na —e—Ne K292W
breeder 6 L He p83
14 }
12 L =0=Na 1+/N+
o K292W H2

pl21

Charge state

The charge breeder works

Klystron 14,5 GHz

10 12

AN |] a
—
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Metalic ions

-
>

14l = SFelt => SFelSt 4 He '-

E -m S6Falt => 5€o|:e15+_'_|_|2

21 i

QU = s

210 i ? +

9 '::l?

i

I b

= s 8111

§4 .*Il‘li?

s BEREIEREEE

5 Sestitiidar

0 IEFT G L AEASEEESEED N N
10 15 20

Charge state (Q)

L. Maunoury et al, Journal of Physics:
Conference Series 2244 (2022) 012066

Total efficiency >70%

Charge state efficiency 5-20% depending on Z

0-600W 16
2 14 —e—Kr with Klystron 350W, O
—a—Rb with Klystron 350W, He
12 Kr with Klystron 350W +
TWT 100W@12.21GHz, O
10 Rb with Klystron 350W +
e TWT 133W@11.19GHz, He
*
= 8
L
6
4
2
TWTA 8 -18 GHz 0 : = : , :
0-200W 5 10 15 20 25 30
Q

08/09/2023 14

Targets-lons sources Workshop 2023



IFCRPNZOTFFIEUONORI RPN I<OITOZLYPRINVAEIFC <N F

- & A
Purity

CNRS/IN2P3

delignes €123 4567891011 121314151617 181920212223 24252627 2825 30 31 22 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 43 0 51 52
(vde) . . -
z
ey —— N A selection -> Isobaric contaminants
QO
» Surface ionization (done with FEBIAD/M onoNaKe/Tulip) 70 0 w80 o s o wwi-» oo om0
® P p— -

: e e R T

% 60) 14

» -S;ableorlonglivw 28 39 57 65 65 53 39 30 36 43 21 12[8ll 00 00

u 00 20 26 36 49 62 52 24 [ 3|l ol ool ool oo o0
B unstable/unbound [] o024 22 25 34 4458 4732 22 24 ool 00 00 00 00 00 00 00 00
2 24 24 30 35 45 7 35 <[ oM ol oo o0 00 00 0o a0
an refractory element 29 26 31 37 44 53 60 47 31/ 1<l 00 00 00 00 00 QD 00 00 0O
20 wod 13| 19 22 21 15 00 00| 00 00 00 00 00 00 00 00

2 00 00] L1] 15 17 17 15 13 13| 00 00 00 00 00 00 00 00 00 00 00

2 ECRNEHO@H(I’DtdOI’EH) [ 00 00 oof aof aof 00 0.0 00 00 00 00 00 00 00 00 ]

2 00 00 00 00f00j 00 00 39 00 00 00 00 00 00 00 00 00 00 00 00

% Surface ionization (not done yet) 00 00 00 00 00 ool 15| ool 00 00 00 00 00 00 00 00

% 00 00 00 00 G0 00 00] 00 00 00 00 00 00 00 00 00 00

24 mD(mt mre M) 00] 00 00 00 GO0 0D| LS| 00 00 00 00 00 00 00 00

px

2

2 00} 00§ 0.0 0.0 00) 00 00 00]00{ 00 00 00 00 00 H
2 00 00 00 00 ol ool o0 00 o a0

19 30 00] @ 00

18 00} 00

v 00 09 00 0] 00 00 00 00 00 00 00

1 00 00 00 00 09 aoffffl 0o 00 00 00 00 00 00| a

15 00 00 00 00 00) 00 00 00]00j00 00 00 00 00 00 00f 00f

1

3 00 00/00 00 aofill 00 80 60 00 09| 20f 00 00 00 00

2 00{00 00 unoouoowno(onno

1 60 00 60 00| 0of 00

10 20 o

s 00 00 09 00 00

8 00) 00 00 ]

7 00 00 00 00 00 00 00 00 00

6 00 00 00 00 00 00 00 00 —

. a o0 00 aofff oo

. 0 aof ool o0

3 00f

2

1 00
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Briquettes de lignes. 0123456 7 8 9 1011121314151617 18 192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 2

CNRS/IN2P3

A selection -> Isobaric contaminants

ECR Nanogan (done)
-Surface ionization (done with FEBIAD/M onoNake/ Tulip)
FEBIAD (done)

;&-stableorlonglived 23 39 57 65 65 53 39 30 36 43 21 12 .
M BB  Z selection — gaz (Nanogan
-u'stdale/unbound ] o024 22 25 24 a4 732 22 24 aofill 00 00 00 00 00 00 00 00
24 24 30 35 oo 0o 00 00 0 a0 0o
refractory element 29 2631 37 44 14 00 00 00 00 00 00 00 00 00

3]19 22 21 15 09 ool 00 00 00 00 00 00 00 00
1] 15 17 17 15 13| 00 00 00 60 00 00 00 00 00 00 00
40 00 00 00 00 00 00 00 00 00 ]

ERNa " (ot doneyet) 00 00 60 00 00 00 00 00 Q0 00 00 00
Surface ionization (not done yet) aoffff 00 00 00 00 00 00 a0 00

00 00 00 00 00 00 G0 00 00 00
FEIAD(not doreyet) 00 00 0000 00| 00 00 00 00 00 00 00 00

0[5 00 00 0o}l 00 00 00[oa] 0 00 00 00 a0
[

EENURRENBE8RNY Y

ks

oo glgzz2ze~v o oR2<0z30205pRzZ ¥

—
8 —
17
16
15
1
13 00 00 00 00 cojlll 00 00 60 00 00] 0o a0 00 00 00 Molecules
12 00 00 00 00 00 00 00 00] 00] 00 00
00 00 80 00| 0of 00 . -
: . lirmits for rass separatinoms
. -
; . [ YR
Z —
6 NP,
: B | patasipng
4
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(Q.i;.)axsmug\s 0123456 7 8 9 1011121314151617 18 192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 2
. E—— A selection -> Isobaric contaminants
v o® -ilr‘faceiorizaﬁon(donewiﬂ'lFEBIAD/MonoNaKa‘I'uIip) 0 0 90 0 wmn om0

FEBIAD (done)

) stable or long lived 28 39 57 65 65 53 39 30 36 43 21 12 .
o e o « Z selection — gaz (Nanogan
P unstable/unbound ] 0024 22 25 24 a4 732 22 24 aofill 00 00 00 00 00 00 00 00
@ 2 24 24 30 35 aofflf oofffif 0o 00 00 00 o 0o
@ 3 refractory element 29 26 31 37 44 14f 00 00 00 00 00 00 00 00 00
P ) wed 1.3] 1.9 22 21 15 00| 00| 0D 00 00 00 00 00 00 00
@ 2 1] 15 17 17 15 1.3 00 00 00 00 00 00 00 00 00 00 00
NoB 60 00 00 00 00 00 00 G0 00 00 ]
® 7 ERNa N (ot done yet) 00 00 00 00 00 00 00 00 G0 00 00 00 ° Z I - Ik I. FEBIAD M N K
= NN = selection — alkali onoNaKe
Mn 5 00 00 Q0 00 00 00 QO 00 00 00
o 2 Fm(mtmmﬁ) 00 00 00 00 00) 00 00 00 00 00 00 00 00
\ 3
T 2
s 2 00| 00 00 00 00fill 00 00 0000 00 00 00 00 a0
() 09 00 00 00 00 | ool o]
| PR X
| P
a v
s 16
P 15
s u
S
M. 12 00] 0.0 00 _00] 00 00 00 00 00] 00] 00 00
—
3 = @ lirmits for mass separatinomsss
o R—
—

L | partial stripping
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Purity

Biquettes de lignes 012 3456 7 8 9 1011121314151617 18 192021 223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
(vde)
z

w o N ECRNanogan (done)

zx @«

Yy ® Surface ionization (done with FEBIAD/M onoNaKe/Tulip)

60
stable or long lived 28 39 57 65 65 533930
00 20 26 36 49 62 52 24[f] 38
unstable/unbound 00 24 22 25 34 4489 47 32 22 24 oo)
24 24 30 35 s 7] 32|
refractory element 29 26 31 37 44 53 60 47 31 14 0o

wq 13]19 22 21 15 ao) ool 00
00 00 00 00 00

42 43 44 45 46 47 B B 0 51 N

364321 12/ 00 00 00 00 ®e0 o
ool ool ool o0 00
00 00 00 00 00 00 00 00
oo 0o 00 00 0 a0 0o

00 00 00 00 G0 00 00 00

00 00 00 00 00 00 00

00 00 00 00 00 00

a0 00 00 00 00

% 00 00000 ]

00 00 00 00 00 00 00 00 QO

ECR Nanogan (not done yet)
Surface ionization (not done yet) . == :;Ez :: :z 3 :z 22 a0
FEBIAD(I'IOt done yet) 00 00 00 00 00 00 00 00

NNURRRY B8 RREE R A

| 00 00 00 00 0o N o B ool 00 00 00 00 |

3

00 00 00
00

00 00
00

a0 00 oo oo MM oo 00 00 0o oo 00 ool ool
00 00 00 Q0 ag| aofff e 00 00 00 0 a0 aof ey :
00 00 00 00 0offll 0 00 00f00] 0 00 00 00 00 00 00 09

3

mvm)??gwa<a§a‘9=999ﬁ’a?w?

G5

00 00 00 00 L

00 00 00 00 cojiill 00 60 00 00 nzlo»l
00l a0 00

00 a0 oof 00 00 G0 00 0.

| UDI

B GEINGENEE 60 60 00 00 00

a0

Gases —
Allali

Molecules

lirmits for rass separatinome
full stripping possible

partial stripping

& Al

laboratoire commun CEA/DRF

CNRS/IN2P3

A selection -> Isobaric contaminants

Z selection — gaz (Nanogan)
Z selection — alkali (FEBIAD/MonoNaKe)

Z selection — molecules (reactive gaz injection)

08/09/2023
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(a:;.)u:smug\s 01 2 3 456 7 8 9 1011121314 151617 18 192021 2 23 24 25 2627 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 0 51 R
R —— A selection -> Isobaric contaminants
S Surface ionization (done with FERIAD/M onoNaKe/ Tulip)

FEBIAD (done)

AW stable or long lived 23 @@ @ 65 5339 30 36 43 21 12 00 00 00 00 w0 o .
S etbirteurd B ARl o b R « Z selection — gaz (Nanogan)

ety emen bR - [ P e

21 : ECR Nanogan (not done yet) . .

2 Stceicizion ot coneyet) " R « Z selection — alkali (FEBIAD/MonoNaKe)

:;" g FEBIAD(notdoreyet) 00 00 00 00 @ 00 00 00

sz ® :

- coatiEvEmeg el - = - Z selection — molecules (reactive gaz injection)

o
17 © @ oo oo 0 @O O@ ool ool
. ! oq Allali

00

| 00 @ @ o0 ool 00 00 @ @ o0
00l @ @ ool 00 gy @ 00 ool

Iso 00 00 00
00l

(| Molecules

a0 00

 Isobar separation in CIME (best resolution 2.10%)

. lirmits for rass separatinome

full stripping possible

partial stripping
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N A selection -> Isobaric contaminants

Eiquettes de lignes. 0123456 7 8 9 1011121314151617 18 192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 2
(vide)

w o [ ECR Nanogan (done)
S Surface ionizzation (done with FEBIADYMonoNaKe/ Tulip)
FEBIAD (done)

3 it atnd . Z selection — gaz (Nanogan)

Z i refractory element

e oo o S . Z selection — alkali (FEBIAD/MonoNaKe)

‘v7 ; FEBIAD (not done yet)

- = « Z selection — molecules (reactive gaz injection)

 Isobar separation in CIME (best resolution 2.10%)

L ]
E full stripping possible
.

lirmits for rass separatinome

« Full stripping (n-defficient, high energy, Z<28)
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Eiquettes de lignes. 0123456 7 8 9 1011121314151617 18 192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 S0 51 2
(vide)

w o [ ECR Nanogan (done)
S Surface ionizzation (done with FEBIADYMonoNaKe/ Tulip)
FEBIAD (done)

N A selection -> Isobaric contaminants

3 it atnd . Z selection — gaz (Nanogan)

: i refractory element

e oo o S . Z selection — alkali (FEBIAD/MonoNaKe)

‘v7 ; FEBIAD (not done yet)

- = « Z selection — molecules (reactive gaz injection)

 Isobar separation in CIME (best resolution 2.10%)

L ]
E full stripping possible
.

lirmits for rass separatinome

« Full stripping (n-defficient, high energy, Z<28)

« Partial stripping : limited
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Purity

Briquettes de lignes 01 2 3456 7 8 9 101112131415 16 17 16 10 20 21 22 23 24 25 26 27 28 26 30 31 32 33 34 35 36 37 38 36 40 41 42 43 44 45 46 47 48 46 50 51 2
(vide)
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» 930 990 0 930 390 w0 0 0 90 7ma wacfi o w0
- s ans s s s o 0 o ol an s
. 0 590 3650 90 980 980 590 8D %80 300 w90 50
% @ 60 117 153 109 111 63 0[] sl 1o 00 o o
® 28 39 57 65 65 53 39 30 36 43 21 12[Jl 00 00 00 0.0 w0 %0
34 00 20 26 36 49 62 52 24|

B . @ 22 25 59 47

R 30

31

EY

BB

00 00 00
00 00 00
00 00 0.0
00 00

00 00 00 00 00

00 00 00 00 00
00 00 00
0.0

&=E.Al

laboratoire commun CEA/DRF |

CNRS/IN2P3

A selection -> Isobaric contaminants

Z selection — gaz (Nanogan)

Z selection — alkali (FEBIAD/MonoNaKe)

Z selection — molecules (reactive gaz injection)
Isobar separation in CIME (best resolution 2.10%)
Full stripping (n-defficient, high energy, Z<28)

Partial stripping : limited

RILIS worth it or not ?
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Etiquettes de lignes.
(ide)

z
a1

8

NERBS BB RHERYES
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Conclusion

012 3 45 6 7 8 91011 1213141516 17 18 19 2021 22 23 24 2526 27 28 25 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 45 0 51 52

I ECR Nerogan (done)

unstable/unbound
refractory element

ECR Nanogan (not done yet)
Surface ionization (not done yet)
FEBIAD (not done yet)

0000 00 00 00 00 00

00 Q0 00 00 00

oofflf 00
w

Surface ionization (done with FEBIAD/M onoNaKe/Tulip)
FEBIAD (done)

-stable or long lived

00 00 00 oof oof 00

& Al

laboratoire commun CEA/DRF

CNRS/IN2P3

Source development
- New beams (2024)
- New target (20267?)

00 00 00 00 00 00 00 00 00 {0 00 00
ool 00 00 00 00 00 00 00 ol
00 00 00 00 00 00 00 00 00 00

- _N-deficient Rb

Q0 00 00 00
a0 00

Main limitations of Spirall

- Diffusion/effusion time

Purity (RILIS?)
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®
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Thank you for your attention!
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