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HCls: an exotic matter!

Where do we find them?

HINA: Nuclear decay
of unstable HCls
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Secondary Li, Be, B, and F nuclei in cosmic rays are produced by the collision of primary cosmic rays, C, O, Ne,
Mg, Si, ..., Fe, with the interstellar medium.

Measurements of the
secondary cosmic ray
nuclei fluxes and the
secondary to
upernova o f .~ primary flux ratios are
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First observation of nuclear decay of HCIs@GSlI

163Dy0 stable > 193Dy%6* unstable

Neutral atom
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Bdecay:n—>p+e v~ Bound-State pB-decay of 163Dy
Bare atom s process: slow neutron capture and B- decay near valley of B stability at
kT = 30 keV; — high atomic charge state — bound-state 8 decay
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bound atomic state M. Jung et al., Phys. Rev. Lett. 69 (1992) 2164
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M HCls (high) impact in astrophysics

PHYSICAL REVIEW LETTERS 133, 232701 (2024)

Editors' Suggestion

Bound-State Beta Decay of 2°5T131* Jons and the LOREX Project

nature > articles > article

Article | Open access | Published: 13 November 2024

High-temperature 2%°Tl decay clarifies 2%°Pb dating in
early Solar System

e 1/2¢

a b
W Stable - S-process path 2:P°
[ B~ decay Highly charged decay
[] Electron capture """ »- r-process decay 138 days
[] o decay
] s only == Bound-state B~ decay 0
~——— o decay 209g; 210g; —1/2*
& —t = 205pe t,, = 291 days
===y Electron capture 20.1 Eyr 5.01 days 81 Q,=31.1keV
2T
205 § ¢ 5/2~
g pei] | 2:Pb 5 z:Pbsu
17.0 Myr. 194 Mu’ g
- °
2
®
"‘ é Neutral decay
L T el i A2
3.78 years 4.20 min Y., 50 ti = 793 days e go-
° Q. = 52.9 keV ﬁPbD’
Y.
L ’:Hg z::Hg ty, = 17.0 Myr
Qg = 50.6 keV
46.6 days 5.14 Fin £C
e
Y.,

04/02/2025 HINA -- GANIL Scientific Council 2025 4

@ université Université
vvvvv -SACLAY Paris Cité

publet = ESR

circumference 108 m

Gas target

Fast kicker

magnet ~

RF-accelerating

cavity \

Decay of highly charged ions was mainly
studied at storage rings (GSl)

Litvinov Eur. Phys. J. A (2023) 59:102
~40 nuclei were studied in 30 years (Z>26)




M HINA experiment: developing alternz D e Wi

-----

Gas target

Fast kicker
magnet

RF-accelerating

cavity \

ESR@GSI
Focusing on studying heavy HCls
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Traps as alternative to storage rings

Smaller, cheaper, eco & “outperform”

Focus on light ions

: e s Zajfman'’s Electrostatic Ion Beam Trap (EIBT)

Einzel lens  Eloctrostatic mirror

HCl extraction

T 5 e
11— 1]
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Advantage: Disadvantage:
Compact Compact

- Radiation detection = > Space charge effects
- Reduce construction

& operation cost
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M HINA ambition: adding a new dimension @DESI @ oo W

High precision collinear laser spectroscopy HIN#A& Spectroscopy of HCls:
e.g. Be?*, B3 and C* T Nuclear physics
Transition 1s2s 3S; - 1s2p 3P, laser accessible UV tHJ Astrophysics

(high sensitivity to charge radii & high precision /4 Atomic physics, .
calculation of mass shift for 2e- system)

High precision mass measurements

collector

50300330 Radial potential
BB (Space charge)

Axial Potential
(Trap electrodes)

’
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—
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@ université Université
vvvvv -SACLAY Paris Cité

M HCls: key for interdisciplinary applicatio

PHYSICAL REVIEW LETTERS 133, 232701 (2024) nature > letters > article

Editors' Suggestion

Letter | Published: 08 February 2018

Isomer depletion as experimental evidence of nuclear

Bound-State Beta Decay of 2°°T13'+ Ions and the LOREX Project .
excitation by electron capture

nature > articles > article

A
Article | Open access | Published: 13 November 2024 E, - @———

. 205 e 205 P L :
High-temperature 2%Tl decay clarifies 2%>Pb dating in K ‘ | I -
early Solar System
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Energy storage:
nuclear battery?
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‘ HINA experiment @DESIR

Adding a new dimension @DESIR for exploring the

Decay highl - : antific i
y highly nuclear chart and increasing scientific impact

charged light ions

3 2+ 3+ gt g: atomic charge

Trap-based setup

Nuclear physics
Astrophysics

High precision
New applications
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Cosmic rays propagation & decay of HCls
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Image courtesy Daniel Kiimpel
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Galactic Cosmic rays propagation & decay of HCls @ = W

Secondary Li, Be, B, and F nuclei in cosmic rays are produced by the collision of primary cosmic rays, C, O, Ne,
Mg, Si, ..., Fe, with the interstellar medium.

Measurements of the
secondary cosmic ray
nuclei fluxes and the
secondary to

upernova , r % ., - ~#© primary flux ratios are
P explosion ‘s« S W R i . important in
: Ry understanding the
propagation of
cosmic rays in the
Galaxy.
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Galatic Cosmic Rays Life

Shock Waves (SNR)

Big Bang Nucleosynthesis
Star Nucleosynthesis
Explosive Nucleosynthesis

Galactic Halo

Source

Milky way

Astronomic Clocks: Galactic Cosmic Rays

Most interesting GCRs
(Astronomic Clocks)

Nuclide Decay Mode Half-life
"Be K-capture 53 days
19Be (3- 1.5 Myr
“o 3- 5730 yr
BA] B+ 0.87 My1
K-capture 4.0 Myr
3601 3- 0.30 Myr
STAY K-capture 35 days
4Ca K-capture 0.10 Myr
4“7y K-capture 49 yr
Wy K-capture 330 days
ST K-capture 28 days
»Mn K-capture 3.7 Myr
*\Mn K-capture 312 days
G+ 400 Myr
G- 0.8 Myr b
Fe K-capture 2.7 yr
e\ K-capture 6.1 days
B+ ~ 1yr
Co K-capture 270 days
Nj K-capture 76000 yr

A. Oliva PhD thesis 2007

y
snverss WAL poesie

Measurement is conducted at

AMS-02 @ISS since 2011
https://ams02.space/

AMS is expected to take data during the whole ISS lifetime 3 « )
(extended to 2028)

separation
between i and He
is better than 1in 10°

separation
between Fe and Co
is better than 1in 102

10 15
Nuclear Charge

With the unprecedented statistics of ~240 billion events we have precise spectroscopy of all cosmic ray nuclei.

A.Oliva, talk in CRs and vs in MME conference, 2024



Consideration of EC in the GCRs propag @D o Wi

PHYSICAL REVIEW C 77, 014306 (2008)

ANNUAL REVIEW OF NUCLEAR AND PARTICLE SCIENCE Volume 57,2007

Review Article Orbital electron capture decay of hydrogen- and helium-like ions

Cosmic- Ray Pro pagation and Interactions in the Gala Xy Zygmunt Patyk,' Jan Kurcewicz,2 Fritz Bosch,® Hans Geissel,® Yuri A. Litvinov,? and Marek Pfiitzner?

'Soltan Institute for Nuclear Studies, Hoza 69, PL-00-681 Warsaw, Poland
2nstitute of Experimental Physics, Warsaw University, Hoza 69, PL-00-681 Warsaw, Poland

1 2 . . . 3
Andrew W. Strong’, Igor V. Moskalenko, and Viadimir S. Ptuskin 3Gesellschaft fiir Schwerionenforschung (GSI), Planckstrasse 1, D-64291 Darmstadt, Germany
@ Hide Affiliations (Received 3 August 2007; published 10 January 2008)
Affiliations:
IMax-Planck-Institut fiir extraterrestrische Physik, 85741 Garching, Germany; email: aws@mpe.mpg.de Measured H_ He_ 140Pr at GSI
2Hansen Experimental Physics Laboratory and Kavli Institute for Particle Astrophysics and Cosmology, Stanford University, Stanford, California 94305; email: ’
knosdstased s Litvinov+, PRL, 2007
3Institute for Terrestrial Magnetism, lonosphere and Radiowave Propagation of the Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow region 142190, Russia; email:
vptuskin@izmiran.ru 140 58"' 140 58+
Pr Ce
, S=1/2
Starting with the heaviest primary nucleus considered (e.g. °4Ni) the propagation 1=1 L
solution is used to compute the source term for its spallation products, which are . EC 1
then propagated in turn. and so on down to protons, secondary electrons and — ‘
positrons, and antiprotons. In this way secondaries. tertiaries etc. are included. N,
(Production of B via the "Be-decay channel is important and requires a second S=12 .
iteration of this procedure.) GALPROP includes K-capture and electron strip-
ping processes, where a nucleus with an electron (H-like) is considered a separate 3/2 V;
species because of the difference in the lifetime. Since H-like atoms have only F=l#% 5‘{1 12 F=l+s=1/2
one K-shell electron, the K-capture decay half-life has to be increased by a fac-
tor of 2 compared to the measured half-life value. Primary electrons are treated
Ton Ag+ (sec™!) Age (sec™h)
140pp39+ 0.001 58(8) e
140p58+ 0.00161(10) 0.002 19(6)
140ppS7+ 0.00154(11) 0.00147(7)
Factor 2/3

04/02/2025 HINA -- GANIL Scientific Council 2025




Orbital EC in H-like & He-like ions

Suggested nuclei to be studied experimentally

nM.-rsi
AAAAAAAAAAA

Decay by EC is not allowed!

HINA@GANIL
Hlikeion I — I}/ p/uy  SE@V) 1 T a)
1T 189 0.004 3d 1735
3T 415 001 10h  35d
2 2 Qec = 2445(8) keV
T =0t —022 0009  7h  127h
- + .
P> 0" 4001 0001 Syr 677min| e
I —>3 4055 0041 12min 112d i
Cosmic Ray | '"Ag "= 0" 4269 053 0.24s  2.37 min
BiCs T3 43540 098 31ms 9.69d
14INd LT 101 043 04s  25h
178Ta 1T = 0" 4274 2.87 1.6ms 9.31 min
Standard theory of EC:
=141
overlap of nuclear & F==lx2
electron wave functions p>0 p<0
F+ F-
F- F+

04/02/2025
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7/2* 35.3(6) min 0

111
soon

B* = 30.2%
EC = 62.7%

b) l'llsn49+ ]Jlln49+
s=12
1=72 pl -
- . 1=972
¢ = 0,
s=12™
H = +0.61uy H = +5.50y
F=|+s{3 o, 4}|= I+s
64C 28+ 44%EC 64Nj28+
S$=1/2
I=1
c — ‘v
S= 1/2
n<O0
12 —0 o
3/2 ——¢— F=1/2
13




M EC decay of Li-like ions for PNC test @ = W

PHYSICAL REVIEW C 84, 064309 (2011)

Nuclear electron capture in Li-like ions Decay of the 1S, can be very accurately calculated (QED)

--> Suggested for Parity Non-Conservation test
Katarzyna Siegien-Iwaniuk and Zygmunt Patyk
National Centre for Nuclear Research, Hoza 69, PL-00-681 Warsaw, Poland

Y Py ——— He-like For allowed EC Py . 21 +1
singlet S i 1>1£1 o
28+1LJ Pl 2(1 :I: 1) _I_ 1
total orbitel anguiar momentum
TABLE 1. The ratio of probabilities P,/ P, that the lithium-like
1 metastable ion decays into the excited states 2 ISy and 23S, of the helium-like
SO resonance 1s2p 3 ion. The ratio is calculated for two types of EC decays I — [ £ 1.
: e | Po.1.2

- P P

5 I P 0
Y intercombination 3S1 19Ne 1+ 1+ I —1T-1 I —T+1

I | vy 1525 2 - I

; h ‘ triplet T Ar %+ — % 0 3

WO olon 2

- _p_ forbidden (LS-forbidden) 64Cu 1+ — 0t % %

I 2 Fz 1 3 -

“‘ 68Ga 1+ N 0+ 3 ;

|: 1 S X'y / 2 2 3

0 1s?
shell singlet 00 | |
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HINA experiment @DESIR: What?

Decay highly
charged light ions

Trap-based setup

Nuclear physics
Astrophysics

High precision
New applications

HINA@GANIL

unlversne W niversité
Paris Cité

Hlikeion I — 17 p/uy  SE(EV) 1y Tip
1+ 1+
TS Im 189 0.004 3d 17.3s
¥ 45 o0l 10 h 35d

2
"= 0t —0.22 0.009 7h 12.7h

1" - 0" +40.01 0.001 Syr  67.7min

Cosmic Ray

HINA -- GANIL Scientific Council 2025

EC on H-,He-&Li-like ions
Nuclear physics, CR & PNC?

Traps as alternative to storage rings
Smaller, cheaper, eco & “outperform”

Focus on light ions

s Zajfman's Electrostatic Ion Beam Trap (EIBT)

Eloctrostatic mimor  Einuel lens.
—_—

Einellons Elocrowatc mirmoe

-n'il.JJ LL.I[‘

iiiiii_. - .-Iiikhil

.
-------------

III]II“ T|ﬂll|’

.............
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M Principle of decay measurement in the @D o Wi

Electron Beam Ion Trap (EBIT) Zajfman's Electrostatic Ion Beam Trap (EIBT)
Electrostatic mirror  Einzel lens Einzel lens  Electrostatic mirror
spectrometer - 4 - =
(X-ray, UV, EUV, visible light) & R R R R R R R
radial electron l—A“MTMM[M pidi i i
space charge ‘Lﬁ ‘—I ’_]'_T T_,L\ |" l
magnet coils }X potentl 1 = i ‘ i ' Field-free region ii i | Vs
cathode I _:7’; — - l I L Pick-up electrode mmm wmm i I I
—— __ —— — : E: P fS—L‘EsEl ~»ﬂ s . ,”,“.F.' *E:,:S- o
electron — electron
beam K B E collector

. l

¢ ¢
| axial potential

In-situ X-ray spectroscopy

, ' TOF mass -
Reference measurement with stable beam - . spectrometry .4 1 Mdbuil

1 L L L 1 L L 5 0.
10 20 30 40 50 60 70 80 ToF/ms =™
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0,2 mm

% HINA@Tancrede o B @ - 2

Experimental
setup at IJClab:

Validation of
production and
trapping of HCls

[ ]
universite

PARIS-SACLAY = . I A0
ERM24 | HINA beamline @Tancrede

IJCLab
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M Tools under development

Production Charge Trapping
(ECR/LMIS) Breeding observation
P i Zajfman'’s Electrostatic Ion Beam Trap (EIBT) Paul Indelicato
s | [ —— ;m—— e
e mm =
: X - nmn

Simulations:
Injection optics

f .
0 T it Emittance acceptance
ECR Ne 2 T2 In-trap spectroscopy
3TA 3+ 3+
%Cu 1t — 0ot
LMIS %Ga 1t — 0F
________ Deflectors plates Einzel Lens Zajfman’sTrap

Cu beam is under development penning | @@E{}.ﬁ === @{GEO____"HHH I"H"l——-—ﬂ]

Def1 used to pulse beam

04/02/2025 HINA -- GANIL Scientific Council 2025




L

Construction of the EBIT with MPIK

Electron Beam lon Trap (EBIT)

spectrometer
(X-ray, UV, EUV, visible light)

radial electron
space charge
potential

magnet coils VA }X
cathode —— _-_ —
I _; T
electron —B> electron
beam collector
< <
tt“i Y ¢ Q} tf‘ axial potential
04/02/2025
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université Université
nnnnn -SACLAY Paris Cité

Collaboration with the Max-Planck Institut fur Kernphysik (MPIK)

Electron |
gun

Drift-tube
feedthroughs

Pumping

\\‘7“\“> e Y :\\ m.\“
AR \
AN A
José Crespo

' External
NdFe8 source
R magnets
| ) Low g+
HCl extraction
optics
| Water-cooled
collector
High q+

Klaus Blaum
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Michele Sguazzin
Postdoc CNRS-in2p3
Oct.2023-present
Mission : Development of highly
charged ions physics at DESIR/GANIL

Y y

Full inside Partially outside

Electron beam

lon trajectory

80 um

-
148 um

TRAP region Collector region

04/02/2025

Simulation studies for the EBIT acceptance

université Université
vvvvv -SACLAY Paris Cité

Capture efficiency

0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

Efficiency

dx/dz (mrad)
o

0 5 10 15 20 25 30
RMS Emittance (m mm mrad)

- lon Beam Diameter 2 mm —©-lon Beam Diameter 1 mm

The EBIT acceptance depends on several variables:
+ electron beam and the magnetic field
* Energy of the ion beam before injection 20 keV

o Electron beam: I, =0.08 A, E, = 10 keV
o Magnetic field: B=0.86 T

Deceleration optics

RMS Emittance (ggys) in X & y about 3.7 # mm-mrad
Effective emittance .7 : £.5/= 4 - egys = 14.8 T mm-mrad

i & B Ly

HINA -- GANIL Scientific Council 2025 20




Michele Sguazzin

(@ — 1.1x10"°mbar — 3.6 x 10" mbar — 8.1 x 10° mbar
T 1 M 1 T T M 1 T 1 T T M 1 T I T 1 T I
104 L Ar+ ‘ . A.r4+ . A.r7"1 AI"wT . Ar13+ . Ar16+

| ‘ P'ill‘m »H il

0 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
/ g/m (elu)

p =
o

8+ 10+ 12+ 14+ 16+

- e

Micke et al, Rev. Sci. Instrum. 89, 063109 (2018):
Electron gun operation: 4mA, 2.8keV

04/02/2025

Towards in-situ X-ray spectroscopy (preli

et

cathode

Charge states distribution

o ArtE
L ) ARt

Before cleaning =

) At

i
I—I \
[—l

L [ 1L [TT] N I N

3 Ario*
3 A2+
] Artés

200 300 400 500 600 700
Frequency (kHz)

spectrometer
(X-ray, UV, EUV, visible light)

radial electron
space charge

magnet coils E B potential

electron o electron
beam E B E collector

| axial potential

Cleaning: SWIFT method
(Stored Waveform Inverse Fourier Transform)
M. Wiesel, PhD thesis (TUD) 2017

HINA -- GANIL Scientific Council 2025

Counts

80 4

Number of ions

@ université Université
PARIS-SACLAY Paris Cité

Charge states distribution

0 Art*
. ) At
After cleaning = art
I ArfF
[ —] A,-10+
c Ari2+
— A,lu

Ll

OO | T[]

O_a0no 0.

200 400 500 600 700

Frequency (kHz)

EBIT cleanning by ions axial excitation with SWIFT method

— Arl*
— AR+
—_ At

—_— Arft
Arl0+
Ari2+

Arlé+

[ 20 40 60 80 100

Time (ps)
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lon sources @1JCLab for the EBIT injection

Waveguide
Source
‘Window ’f

SmCo
Magnets

La pointe aun
diameétre de
0,2 mm

e

@20keV

ECR ~40 mmm-mrad LMIS<10 tmm-mrad

Electron
gun

Drift-tube

feedthroughs Pumping

NdFeB
. magnets

HCl extraction

~ collector

04/02/2025

External
source

Low g+

High q+

Tancrede Facility

Ion beam

Extractor electrode
)

Taylor cone

+ e Liquid metal pool

HINA -- GANIL Scientific Council 2025

versité Université
@ soiverstt WAyl

NAPIS (NAParticle lon Source)
Available at Tancréede/lJCLab




Tools under development

Production
(ECR/LMIS)

La pointe aun
diameétre de
0,2 mm

ECR {

LMIS {

I9Ne

37A

64

r

Cu
68Ga

Cu beam is under development

04/02/2025

@ université Université
nnnnn -SACLAY Paris Cité

Charge Trapping
Breeding observation
:- ------------- ': Zajfman's Electrostatic Ion Beam Trap (EIBT)
i 1 Bl i B o o Bacrmat e
I [ AT ]
| BT

=T =T
: :

Injection optics
Emittance acceptance
In-trap spectroscopy

________ Deflectors plates Einzel Lens Zajfman’sTrap

HINA -- GANIL Scientific Council 2025
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Def1 used to pulse beam




Maroua Benhatchi

PhD student [JCLab/CNRS-in2p3

Dec.2023-present

Mission : Development in-trap decay in Zajfman trap

Optimization of the Zajfman trap

R 111!

D. Zajfman er al./ International Journal of Mass Spectromeiry 229 (2003) 55-60

AAAAAAAAAAA

Collaboration with the Max-Planck

il

I

Institut fur Kernphysik (MPIK)

Data analysis ongoing {
Electronics DAQ "
Klaus Blaum Manfred Grieser
underdevelopment
R |G = I— T’,‘S."..T"kr“"“’.‘u“? ...... — e S Tkt g b Trgd TekRun g fo L
P o Beam K+ @SOOeV _______ 3 _E__Srnb_a_r ______________________________ P "t"appmg t'me F25ms o
SN
_____ /’2 ‘\\ /
...I....f“,\,\ ...................... LBl T T T T . T T T T
R e iw.}ﬂﬂw rw ”11”1 “‘T”H””EB.SFHH Tl H‘|.”“_‘
.......................................................................................... W J?WNW“{\“WWMM W'/WNWW!W“WWWMM
| A s e e
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Trapping HCls: UHV issue

Trapping of A1t ions @LKB
[

( Texture Range — [ Geometry:

niversité Université
@ ARy hcLa? Paris Cité

Partial pressure of H,

exture Scaling

Amplitude (unité arbitraire)

04/02/2025

' P=29E-7mbar
; : 2-ms
8 10 12 % 16 18
Temp de vol (ms)
Section 2

1 1
diaphr:
Mo il v Autoscale % Use cokos S : aphragms :
Max [l [Momentseconst fiow x| (¥ Logarthmic scale \ |
Oy W SwapfiETHE || M I6E0 ! !
- Gradient I I
sen NN | . ‘ 1.00E-08 1 H
10020 100e-3 100e-8 I I
Physics [Preseue [mbar] = : 1
= I
3 1
E-]
g 1.00E-09
g
3 [
g \
e 1
= \
1.00E-10 I 1
I I
1 1
1 1
1 1
1 1
! 1
1.00E-11 1 1
0 20 40 60 180 100  h20 140 160

Distance (cm)

TMP lonic TMP
(Section 1) (Section 2) (Section 3)

250 1/s
Back pressure (pumps on): ’
1.3-107* mbar

500 I/s 100 I/s

Back pressure (pumps on):
1.3-107* mbar

T™P
(Common forepump) EAE
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0,2 mm

% HINA@Tancrede o B @ - 2

Experimental
setup at IJClab:

Validation of
production and
trapping of HCls

[ ]
universite

PARIS-SACLAY = . I A0
ERM24 | HINA beamline @Tancrede

IJCLab
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Serge Della Negra ~ Sarah Naimi

t

o

Karl
Hauschild

Maroua Benhatchi  Michele Sguazzin

04/02/2025

HINA and her followers

Engineering
<

Isabelle Ribaud Denis Reynet

[eg

Alexandre Migayron

Dominique
Breton
Bruno Jihan Maalmi Philippe
MERCIER GAURON

HINA -- GANIL Scientific Council 2025

niversité Université
ARy hcLa? Paris Cité

External collaborators (MPIK)

Klaus Blaum Manfred Grieser

Sophie, Amelle, Sarah
Damien, Maxime




@ université w Université
PARIS-SACLAY Paris Cité

HINA project R&D working groups

S. Naimi
(ICJLab)

Researchers [JCLab

Engineering staff IJCLab

Researchers MPIK

04/02/2025

v 3 v
lon sources EBIT Zajfman Trap
I. Ribaud M. Sguazzin D. Lunney
(IJCLab) (IJCLab) (IJCLab)
) ) )
S. Naimi K. Hauschild N M. Benhatchi
(IJCLab) (IJCLab) (IJCLab)
~— @O | @@
) ) Y
S. Della Negra J. Crespo N V. Manea
(IJCLab) (MPIK) (IJCLab)
~ ~— ~ @@
E— EEE— )
F. Daubisse S. Della Negra M. Grieser
(IJCLab) (IJCLab) ' (MPIK)
" J -
PhD student N J. Maalmi
(IJCLab) (IJCLab)
- -
g N
Ph. Gauron A. Migayron B. Mercier D. Breton
(IlUCLab) (IlJCLab) (IJCLab) (IJCLab)
(N
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HINA plan @1JCLab

@ université Université
vvvvv -SACLAY Paris Cité

Year

2023

2024 2025

2026

2027

Quarter

Simulations & Design
HINA beamline preparation

Q4

Ql |2 | a3 | a4

Q1 | @2 | a3 | a4

Ql | Q2 | a3 | a4

Qi |2 | a3 | a4

Commissining of the Zajfman trap

Preparation HINA setup

lon sources

Production ECR Ar(q+)

Production LMIS Cu+

ToF spectra at Zajfman trap

Construction/validation at MPIK

Installation at Tancréde/Validation

x-ray signal HCIs Ar,Cu,Ga(q+)

Installation at Tancréde/Validation

Achieve UHV (<1E-9mbar)

Trapping ECR produced Ar(q+)

Trapping LMIS produced Ga,Cu(qg+)

Estimate losses Ar,Cu,Ga(q+)

Other financial support/request

| ->ERM2024 funding <- |

<--IN2P3?

<--ANR?
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M Installation and commissioning at GANIL @D o Wi

. . . . 2028 2029 e
Requirement: isobaric purity Scientific interest

Installation —

. Mounting/Alignment
Technical support |

needed @GANIL Equip. tests

(not full time!) Francois de oliveira

GANIL

Vacuum 10~ mbar

Offline commissioning EM
H-likeion 1 — I}/ S
" Tests w/ stable HCls

IQNC
37Ar

®Cu 1T — 0*

6 F o ,
Ga 7 =0 Online commissioning | =~ : = = = ¢ Loy

Systematics studies

Postdoc & PhD student @GANIL
04/02/2025 HINA -- GANIL Scientific Council 2025 30
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Isobaric purification: Emittance acceptance HINA @30keV:

Op /19N8 sm/  ~ 5,000 HINA exp. egms = 3 m mm-mrad

37 g /37Cl sm/  ~ 42,000 DESIR-GPIB egms =1.2 T mm-mrad

64cu /°*Ni ™/, ~ 35,000

Bunched mode:
*Ga /°°Zn /i ~ 22,000 DESIR-GPIB: 10 ions/bunch
Efficiency 0.1 for °Ne (Ty2 = 17s)
Yield: --> 10 events in 25ms

YNe production @SPIRALL LEB: 1.8 - 108pps ~->100 events in 250ms

37 Ar estimate  @SPIRAL1 LEB: 9.1 - 107 ppPS

‘1 _ ] Others:
Cu estimate @SPIRALL LEB: 4 -10° pps HV platform
%8Ga production @SPIRAL1 LEB: 9.4 - 105pps Cooling water

04/02/2025 HINA -- GANIL Scientific Council 2025
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Financial support requested

AAAAAAAAAAAA

Year 2025-2026 | 2027 | 2028-2029 | Total (k€) +travel fees for a researcher
Equipments (k€) 223.5 0 0 223.5 from IJCLab

Consumables (k€) 0 8 20 28

Postdoc (k€) 0 0 150 150

Total/an (k€) 2235 8 170 401.5

_ Other financial support:
c . 2024: Paris-Saclay University
2024-2025: IJCLab

NdFeB

HCl extraction
optics

| Water-cooled
collector
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HINA -- GANIL Scientific Council 2025




