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V /I~ * New target lon Source Systems (FEBIAD)
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Beam production = ANl

FEBIAD
For condensable

Qrsio — A

o Surface —
MonoNa.Ke
............... OECR For alkaline

TULIP
- For proton rich
isotopes

Nanogan
For gaz

Limitations
* primary beam power

fragmentation cross-section

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

lonization efficiency

operational issues (stability, resilience)
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Objective: production of radioactive gaseous ions

87 tests/experiments with radioactive beams since 2001
Beams of He(6,8), O(14,15,19-21), F(17,18,20,21), Ne(17-
19,23-27), CI(32), Ar(31-35,41,43-46), Kr(71-77,79,81m).
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Objective: production of radioactive metalic ions

FEBIAD@SPIRALL1
* 90+ radioactive isotopes/isomers seen, including around 60 above 1E5pps (1+).
 Efficient: routinely = 20% on Ar

* Resilient: a 15 days endurance test showed no loss in performance

Latest irradiation test (°°Cr beam)
« 48Cr (1.2E4pps/W), 4°Cr (2.5E4pps/W), *°Mn (3.5E2pps/W)
« very slow Cr release (46min) at low beam power (30W)

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

Elements for which we observed

Tests for 2024

* Production of n-deficient isotopes of Fe-Co-Ni (Master student) in July

« Broadband production test at run 3 (Possibly Xe beam) for Cu to Sn
isotopes

92 2 ]

7 [ e o R e e e ]| I the future: -
EEEEEEEEEEEE R * Fe-Co-Ni beams optimization (PhD student)
AR R R RRRERE * New target (Post-doc + PhD)
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MonoNaKe (slide credit P. Jardin) s QU e

Objective: production of radioactive alkali ions

| \ ' | w I Graphite
Pt ionizer k / target

/l « In-target production
by target and beam
fragmentation

T
[ ]

lonization by hot
) surface

Graphite
ionizer

- |
o BT

13C 60 MeV/A primary beam

First on-line test with a Pt ionizer (2023)
8Li* rate = 2,2.10% pps / 830W : TISS efficiency ~10 (In 2007, TISS efficiency ~5.10-2 with a carbon ionizer)

For 2024:

« Ptand Cionizer will be compared during an off-line test planned in February and March 2024.
* On-line production test in april with the best candidate
* Experiment in june (ACTAR TPC)
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TULIP (slide credit P. Jardin) osrecnmncenor: UL cvsnr:

Objective: production of neutron deficient short-lived isotopes

On-line test 2023: production of *’8Rb* ions

_ T1/2 Taux IBE (pps)
Masse isotope
S mars-22 juillet 23
74 64,76 ms 1,7E+01
75 19s 1,5E+04
76 36,8 s 3,80E+03 || 2,5E+04
4 77 3,78 m 1,6E+05
Graphite 4 5,74 m/
catcher “‘-z, 78 17,66 m 5,80E+04 6,3E+04
;' In 2024:
y Off-line test of the TULIP-FEBIAD coupling
' 20Ne
Primary In the future:
Radioactive — beam « Implementation of a rotating target (production x 7).
lon beam \/} « On-line production test of metallic ions close to 1°°Sn
bLC « Application of the principle to the production of other elements
window

20/02/2024 8 La physique dans tous ses états
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Beam production (status)
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Beam production (status)
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Beam production (status) e
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Beam production (status) e
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New layout for SPIRAL1 beams on the chart

https://u.ganil-spiral2.eu/chartbeams/

€ oA ganil-spiral2.eu B % %
DAL D) Géndl D Foumisseurs () Databases £ Math
SN b
Sk
_z/men. symod | Q)
28 Measured Beams & immediate extrapolation
Fr Tnisnsity Frimary
) " Primary Beam | Primary Bsam
87 R“L’:::f"’ halfiife unit c;';‘:’ {ppe) e L=y 8eam  pveronECS  Energy  |RIE production
P ecimiu Low Energy | Fost acoslerated (o || e || 8] Enet
z Beamling (o targst) mechanism)
= I E ms - BE ] - [ - - B | 0B 7 Caroon
pac . R s - [ TEew [ s 3 I T Careon
Al Color code -
B =) 280E-07 Measured rates with SPIRAL
oy 2 B0E-0T Extrapolated rates [not measured) with best primary beam at low energy and after acceleration [0.5% at lowest energy, 109 at 2MeV/A)
Suble Raseactive Specific codes
el B | * Indicative value which does not indude possible optimizations
_me i) A for most abundant charge state. Higher energy is a priori possible, but at a cost of reduced intensity
sl
Estimates requiring beam development (6 months - 2 years)
) =5 i Primary | mary Boars | Primary Beam
R“L’:::f"’ halfiife unit c;';‘:’ (ppe) e L=y Beam | poweronECS| Energy  |RIB production
| Target(kW) | (MeVinucleon) targat
e S Low Energy | Past scoslerated (or reaction
Data update : 20230710 Beamline (on targst)
BLi 8403 ms 2 426408 1.7E+06 16 16,6 13c 12 7 Carbon
9Li 1783 ms 2 5.0E407 2.2E+05 16 13,1 ic 12 75
1L 875 ms 2 J4E+4 8.1E+01 16 8.8 180 12 75
Estimates requiring target development (2-3 years)
X =5 . PAMAY | o imary Boam | Primary Beam
R“:;’::L'" halfiife unit c;'l;‘i" tpel Min Ensrgy Max Enargy Beal | b woronEGS| Enmgy  |RIE production
Low Ensrgy | Post accslerated [ormsaction | 1 2EstIW) | (MeWinuclson) target
Beamline {on targst)
BLi 8403 ms 2 845408 33E+06 16 166" [P 385 45 SiC
BLi 8403 ms 2 6.0E+08 24E+08 15 165" 12c 385 % Ca0
8Li ms 2 5.1E+08 20E+08 16 165" 12c 38 ® NiQ
aLi ms 2 9TE-07 3.7E+05 18 131 12C 385 %5 SiC
9L ms 2 B.8E+07 26E+05 16 130 12c 385 9% Ca0
9L ms 2 58607 2.3E+05 18" 13,1 2c 385 ] NiO
Color code -
2.80E-07] Intensity estimates for FEBIAD (VADIS) source (January 2016)
I Estimated yields inferior to 5,06-02
Spedific codes
* Indicative value which does not indude possible optimizations
b for cited charge state. Higher energy is a priori possible, but at a cost of reduced intensity

Update : 06/2023

& Al

laboratoire commun CEA/DRF

CNRS/IN2P3

/ Direct measurement at low energy

~_ Extrapolation at low energy and after
post-acceleration with best beam

Estimates with good beams on 12C
target and best source conditions

Estimates with 12C beam on new
targets and best source conditions

Only displayed if better than
best beam extrapolation

20/02/2024
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Conclusion on beam development

45 46 47 48 49 50 51 52

Eriquettes de lignes
(vide)
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Source development
New beams (2024)
New target (20267?)

& Al

laboratoire commun CEA/DRF
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Tomorrow's technologicalchallenges and associoted skifs

N-deficient Rb

8-9Li

Main limitations of Spirall

Diffusion/effusion time
Purity

27/02/2024

14

WS - DESIR



IFCHCO0ZOTNZEIE2UOOAZARNI<QIFOZLYPRENTEIRL <N F

Etiquettes de lignes
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Purity

Biquettes 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)

CNRS/IN2P3

N
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A selection -> Isobaric contaminants (dm/m=1%)
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Purity

CNRS/IN2P3

. S—— A selection -> Isobaric contaminants (dm/m=1%)
75 N sitace onizztion (done with FEBIAD/M onoNake/ Tulip)

FEBIAD (done)
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Purity

Biquettes deliges 01

(vde)
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& Al

laboratoire commun CEA/DRF
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Purity

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)
z

o o I ECRNanogn (dore)
S Surface ionizzation (done with FEBIADYMonoNaKe/ Tulip)
FEBIAD (done)

CNRS/IN2P3

A selection -> Isobaric contaminants (dm/m=1%)

P stable or long lived 28 39 57 65 65 5339 30 36 43 24 12 00 00 00 00 w0 = .

S etbirteurd RTHR - o Fok oot « Z selection — gaz (Nanogan)

@ 2 24 24 30 35 45 57. a2 colfilf ool o0 00 00 00 00 0o

@ 3 refractory element 29 26 31 37 44 53 60.47 31/ 14l 00 00 00 00 00 00 00 00 00

n » o= 13] X ooffflf @0 00 00 00 00 00 00 00

@ 5 00 00 00 60 00 00 00 00 00 00 00

L2 =R Nenogen (1t cone ) _— - : :

Sz e ontzaton ot doneyet) R « Z selection — alkali (MonoNaKe/Tulip/FEBIAD)
Mn 5 0 00 00 Q0 00 00 00 QO 00 00 00

3 ; mD(mt mmﬂ) 00 00 00 00 00 00 00 00
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) | 00 00 00 00 0oNEEEEE—_NG o0 ool 00 00 00 00 | . . . . .
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E :. [ ] lirnits for mass separatinoms Se eC Ion - =~

£ oa

;s = —

- B e

Be 4

27/02/2024 19 WS - DESIR



. L = AN
Purity — Contamination in the FEBIAD ”\E\jﬁlﬁ%

Mass spectrum, A= 0 -> 60

012 3 456 7 8 91011121314151617 18 192021 22 2324 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

7] 10
I=
© 1 ﬂ [\
= —~ n
- < | |
E =
@ (L_IS 0.01
I= |
o | I |
UL Ik i
4= DESIR — SPIRAL1 wishlist
)
<& * PB-decay : #>Cl,%Cl
Q * B+decay :22Al,2°P, %S, 31Ar, 39T, 3¢k
S * Mass measurements (nuclear structure) : 46Ar, 4’Ar, 48Ar, °Ar, 42Cl, 43Cl, 44Cl, 4>Cl, #6Cl, 4/Cl, 3°P, 40p, 41p, 42p 43p
o * Mass measurements, T1/2 and BR (0+ -> 0+ and mirror transitions) : 2!Na, 22Mg, 2>Al, 2°P, #1S, 33Cl, 3°Ar, 37K, 3°Ca, 4'Sc, #*H, “°Cr,
Q SOFe, 54Ni, 58Zn, 62Ge, 5Ge, 7°Br, 7Rb, 4¥.
o #’S : not feasible (1+ rate < 0.1 pps)
©
L2

1+ rates from FEBIAD estimate or measurements (FEBIAD/Nanogan/TULIP) when available

27/02/2024
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Purity — RFQ cooler + HRS estimation ”“Njﬁlﬂ%

Considerations :
» Perfectly gaussian energy distributions
*  Ryrs rwhm ranging from
* 1000 (No SHIRaC, all slits open, FEBIAD AE/E)
* to 24000 (max R in J. Michaud’s article with AE=1eV -> SHIRaC'’s best)

24000+

" J. Michaud et al, NIMB 541 (2023) 161-164

o 220004 _~

=
£ 20000 -~

3 ~ Slit opening ?

2 15000

e

2 16000

T

E 140001

12000+

Contaminant

10000 T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000

1/Energy spread (E/DeltaE)

Fig. 6. HRS FWHM resolution as a function of the beam energy spread. The energy 4
spread was introduced by adding a noise on the acceleration voltage by means of an 0
arbitrary waveform generator in the acceleration chain.

[
>

A

|sotope of interest

« Cut at +/- 20 around peak of interest (slit opening ?)
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Contaminant/lon of interest int

' L EANL]
Purity — RFQ cooler + HRS estimation ”\t\ﬁjﬁ%

R_FWHM HRS

0 5000 10000 15000
1.0E+12

1.0E+11
1.0E+10

1.0E+08
1.0E+07
1.0E+06
1.0E+05
1.0E+04
1.0E+03
1.0E+02
1.0E+01
1.0E+00
1.0E-01
1.0E-02

20000 25000

Experiment Conclusions
not possible  SHIRaC is necessary
(limit for traps) < High R critical
« Estimation very tail-dependant

What we need:
« Updated wish list (with

intensities)
» Information on the tail on the
high energy side at 2-60

—e—45C| —e—22Al —e—26P 47Ar —e—48Ar —e—49Ar —e—42C| —e—43C| —e—44C| —e—45C| —e—39P —e—40P
—e—41P 21Na 23Mg 25A1 —e—29P 33C| —8—37K —e—39Ca —e—41Sc —e—58Zn —8—48Cr —8—56Ni

27/02/2024 22
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E AN
Batch Mode lon source at FRIB (slide credit A. Villari) A Nalg—

« BMIS built on ISOLDE Target-lon-Source system to
provide RIB in stand-alone operation

» “Target” replaced by samples of radioactive Source
(relatively long living) isotopes -
* VD5 ion source (FEBIAD type) N\ \
- Surface ion source also possible (not employed yet) "
- ™ 2 i

* Future: laser ionization

« Beams for experiments already delivered:
« 7.10Bg, 26A|, 32Sj, "3As — delivered for experiments
« 229Th, 44Ti and other isotopes under development

4 .8 ,]3

Collaboration FRIB-GANIL
Batch mode could also be developped at SPIRAL1
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Batch Mode lon source at GANIL ?

To LIRAT/DESIR (LE)

-2

CYREN anticipation:
* No cyclo run3/run4 in 2025-2028
* No cyclo at all in 2029

Opportunities for Batch-mode ions (LE)

To experimental areas (HE)

27/02/2024 24 WS - DESIR



Which beams ?

Developed at FRIB

« 'Be (T,, =53.22d)

- 10Be (T,,=1.51E6Y)
e 26Al(T,,=7.17E5Y)
+ 3Sj(T,,=153y)

« BAs (T, =53.22d)

At FRIB
« Batch mode Intensities are 5e7 pps on average at FRIB
» Some isotopes are produced in Los-Alamos and chemically purified and prepared in-house

At GANIL ?

27/02/2024 25 WS - DESIR






Backup — Beam development

Logic of beams development:

Accepted proposal/Endorsed Lol

Probing the community (Lol WS 2016 / WS 2023 /
discussions with physicists / what we know we can do)

Summary of the perspectives for nuclear physics at GANIL

Another important ingredient:
--> structure & reaction theory

%Co(d,p) and *’Ni(d,p)
59Cu *6Ni, ’Cu (3He,dy)
*9Fe,®Kr,”°Se (d,p) <-- surrogate

Type | X-ray bursts

massive stars

(New) clustering

73,75778r(d,ny)

785r(3He,ny)80Sr shape
coexistence

7Kr(t,p)

89111 (“He,p) & (*He,*He’) )
10,120 ("He,p) & (4He,“He’) , . 73'74'75'75'77Kr(d,py) underlying
14,16¢ (p,“He) 11,13 t,’He, “*He 72,73,74,75,7651(d, py) nuclear strut.
910 (t,5Li) clusters

4BC SZF SSN' 5L'
B e SN 1) - Shell model & nuclear structure

YF(p,a)*0 2p-emitters = 23Ne(d,py) }3N e
10-11 50 46, 43T
Pairing and np correlations = * MS{ scor’ Ti be;ﬁams )
5He(20%pb, 219Ph)*He 34".’3WIth 3?, Cr and “°Ti primary beams
61y p(116Gn 118c)4 GPV . *Si(*He,d)*P
He(*Sn, 11°sn)’He 3 68,7072.-\j(3He, d) shell
24gj 285 34327 ¢(p 1)225;, 265, 32307y evolution

“2Fe(d,*Hey)
Zn (*He,py) n

=+ with increased intensity of “°Ca, *°Ar or 3?5
and N=Z beams above Zn ¥

pairing

M. Assié, WS Cible-Source, 09/2023

— ﬂ
laboratoire commun CEA/DRF CNRS/IN2P3

‘ Specific beam development

—

Broadband beam development

Shopping list SPIRAL1

« SHe

o 8911

. lO,lZBe

° 10,11C

° l7|:

« 2Ne

o 43T . 737577y

° 46Cr

27/02/2024 27
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Backup - The upgrades on the FEBIAD ”\Njoﬁlﬁ%

Insulator were the main point of failure.

* Increasing the size of the openings

» Pulling the insulators far from the hot
anode

Progress in resilience and reliability

S
16 mm holes in slider 1);
Poster ICIS c 15
V. Bosquet s
= 10 r —@—Ontest bench
. E —&— In production cave
3 months in SPIRAL1 :: 5 —a—During on line test
3 Machine study (2 radioactive + 1 stable) 0 . . . .
10+ heating cycles 0 50 100

200
Efficient: 4°Ar Efficiency up to 23% I_CA (mA)
Resilient: 2 days of irradiation, 15 days at 20%

40Ar efficiency and 10+ heating cycles without loss “ M B

S
%)
of performance = 15 X
o
=
(<))
<

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

Calibrated leak pressure reset

14/6 16/6 18/6 20/6 22/6 24/6 26/6 28/6 30/6
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Backup - MonoNaKe

Observations during the off-line test

No visible deposit

A

Carbon deposit — White deposit

1
3"
ik
4

— ﬂ
laboratoire commun CEA/DRF CNRS/IN2P3

White deposit
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Backup - TULIP (siide credit P. Jardin)

Objective: production of neutron deficient short-lived isotopes

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

—

TULIP cavity F e Vacuum
' chamber

DLC _—
window

Graphite 4 "
catcher “~ > p Mo-Ni-Mo

arget

y 22Ne
/ Prlmary

. . beam
Radioactive

) V. ///A
ion beam k/ 4

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

Last On-line test in July 23

2ONe@4,5 MeV/A -> natNjj
« 741078RK* observed
» Rates up to few 10° pps

« TISS 3 days under irradiation
without damage

« Data under analysis
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Backup - TULIP

Objective: production of neutron deficient short-lived isotopes

1,4E+05

1,2E+05

1,0E+05

Magnitude

8,0E+04

6,0E+04

4,0E+04

2,0E+04

0,0E+00

Magnitude

0,00

2,0E+05
1,8E+05
1,6E+05
1,4E+05
1,2E+05
1,0E+05
8,0E+04
6,0E+04
4,0E+404
2,0E+04
0,0E+00

Rise time < 1ms

™\

Diffusion coefficient
~0,154 Hz

160SPI30

106 W /360 A
Mass 77

Period 40,33 ms

0,02 0,03 0,04
Time (s)
160SPI32
106 W /360 A
LI I R R MaSS77
Period 10 s

Taux Gastro - BdF

MWMMMMMMM.“ i

Time (s)

1E+06

1E+05

1E+04

Rate (pps)

1E+03

1E+02

1E+01

73

& Al

laboratoire commun CEA/DRF

CNRS/IN2P3

& o
A
A
% ) 4
A
®
X Taux IBE
A Taux IO partie lente
® Taux Gastro-BdF
X
74 75 76 77 78 79

Rb Mass

Data currently under analysis
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Backup - TULIP

Final objective : production of metallic ions around %°Sn

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). Test planned by 2d semester of 2023

* On-line production test of metallic ions around
1005n. When °°Cr beam available

* Application of the principle to the production of
other elements
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Purity — SHIRAC + HRS estimation

5.00E+05

4.50E+05

1 00E-03 Isotopes from the 2
wishlist 4.00E+05

® 3.50E+05

3.00E+05

I(pps)

2.50E+05

deltaM/M

2.00E+05

1.50E+05

1.00E+05
° ° 5.00E+04

1.00E-04 0.00E+00

AN ﬂ a
—
AN
laboratoire commun CEA/DRF CNRS/IN2P3

Mass spectrum

——jon of interest

contaminant

skewed ion-of interest

skewed contaminant

.
N

1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12 1.E+14 55.925 55.93 55.935 55.94 55.945 55.95 55.955

Contamination/lon of interest

Mass range (Da)
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