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HINA experiment @DESIR: What? Why? How?

HINA@GANIL

What? Decay highly charged H-likeion " — I7"  p/uy  SE (V)  1p Ty

light ions (EC)

5 =189 0.004 3d 1735
4115 0.01 10h 35d
"= 0t —0.22 0.009 Th 129 h
1" = 0" 40.01 0.001 Syr  67.7min

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

Why? Nuclear physics
Astrophysics

Focus on light ions

HOW? Zajfman's Electrostatic Ion Beam Trap (EIBT)

Electrostatic misror  Einzel lens Eimzel lens  Electrostatic mirror
Ly ——

Trap-based setup

toIE

Tl Ll

L

............
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% +Value @ : Expertise rare EBIT

Application Physique Atomique
Region ‘ Institutions / Groups Years of Operation
EBIT-I: ~¥1986—present

= USA LLNL (EBIT-I & SuperEBIT) SuperEBIT: ~1990s—present
= USA NIST (table-top EBIT) Mid-1990s—present

™= Germany MPIK Heidelberg (Heidelberg EBIT) ~2001—present

™ Germany HZDR (Dresden EBIT) Mid-2000s—present

™ Germany Fraunhofer FEP (EBIT developments) Mid-2010s—present

i South Korea UNIST (permanent-magnet EBIT) ~2018—present

® Japan UEC Tokyo (Tokyo EBIT) Mid-1990s—present

55 Northern Ireland  Queen’s University Belfast (hybrid EBIT design) ~2000s—present

Application Physique Nucléaire!
I Canada TRIUMF-TITAN EBIT Dec 2010—-present

lj France HINA-EBIT @DESIR 2030~
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+Value Q : Forte Synergie a DESIR

High precision collinear laser spectroscopy HINA
Spectroscopy of HCls:

(high sensitivity to charge radii & high precision .y
calculation of mass shift for 2e- system) ‘ﬁ\\" Orbital EC
714 light ions

| High precision mass measurements
cti’OSCODy

m q-B —
A oC . TRF N _ 3 Deca‘f spe XS
m m _7 p e‘.’(peh Tﬁa—:
= < a

Absolute \ & s
charge radii e (. e ﬁ; A '
- GRIBY Tl T v e Bound b-decay g
o) RHETR O b s 8 Cryo-HINA €
= b ™ : | = .. heavyions

2Zr Filter

fi—y EUV
L Mirror

." i e 1l
w 48
A
’ Enfrance,
Sit

= 237 * ) -
@) Grating - = 1
; ‘ ===

.SZ?./ra/

cco 4
Detector 3.00
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Master Projet : lons Multichargés et Appl @D oo Wi

Pojects Project 1 Project 2 Project 3
T 2026--29 2030--31 2032--35
Timeline -
Short-term Mid-term Long-term
HINA-EBIT Room temperature EBIT Cryogenic EBIT
Funding ANR HINA - -
IONS MULTICHARGES Objective |Production/Trapping HCIs| Coupling to DESIR Decay of heavy HCls
ET APPLICATIONS Accessible El H-like up to Fe & He-like up to Xe Bare up to Xe & He-like up to Pb

Light ions

ANR-HINA HINA@DESIR

Projet1: J Projet 2 :

14

HCls-Spectro
Orbital EC
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IONS MULTICHARGES
ET APPLICATIONS

Master Projet : lons Multichargés et Appli

.
@ universite
PARIS-SACLAY

Pojects Project 1 Project 2 Project 3
T 2026--29 2030--31 2032--35
Timeline -
Short-term Mid-term Long-term
HINA-EBIT Room temperature EBIT Cryogenic EBIT
Funding ANR HINA - -
Objective |Production/Trapping HCIs| Coupling to DESIR Decay of heavy HCls
Accessible El H-like up to Fe & He-like up to Xe Bare up to Xe & He-like up to Pb

Light ions

Spectro Laser

14

Spectro

Masse
14
Projet 1: Projet 2 : r ;
ANR-HINA | | HINA@DESIR || | Rayon charge |
7 absolu ;
HCls-Spectro E
Orbital EC Test NPC |

09/10/2025
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IONS MULTICHARGES
ET APPLICATIONS

Master Projet : lons M

.
@ universite
PARIS-SACLAY

Pojects Project 1 Project 2 Project 3
T 2026--29 2030--31 2032--35
Timeline -
Short-term Mid-term Long-term
HINA-EBIT Room temperature EBIT Cryogenic EBIT
Funding ANR HINA - -
Objective |Production/Trapping HCIs| Coupling to DESIR Decay of heavy HCls
Accessible El H-like up to Fe & He-like up to Xe Bare up to Xe & He-like up to Pb

Light ions

Projet1:
ANR-HINA

|

Projet 2 :
HINA@DESIR

14

HCls-Spectro
Orbital EC

09/10/2025

Spectro Laser

Spectro
Masse

Heavy ions

Spectro Laser

1 4

Spectro
Masse

4

mmmmormmmenmomnnmennoeo Projet 3 : ;
. Rayon charge ' Cryo-HINA Rayon charge |
absolu | # absolu |
::::::::::::::::::::::::::.ﬁi HCls-Spectro | |
Test NPC ! Orbital EC Test NPC
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IONS MULTICHARGES
ET APPLICATIONS

Master Projet : lons Multichargés et Applicat

.
@ universite
PARIS-SACLAY

Pojects Project 1 Project 2 Project 3
T 2026--29 2030--31 2032--35
Timeline -
Short-term Mid-term Long-term
HINA-EBIT Room temperature EBIT Cryogenic EBIT
Funding ANR HINA - -
Objective |Production/Trapping HCIs| Coupling to DESIR Decay of heavy HCls
Accessible El H-like up to Fe & He-like up to Xe Bare up to Xe & He-like up to Pb

Light ions

Projet1:
ANR-HINA

|

Projet 2 :
HINA@DESIR

14

HCls-Spectro
Orbital EC

09/10/2025

Spectro Laser

Spectro Laser

Heavy ions

Spectro Spectro Bound state
Masse Masse b-decay
14

mommmmmenmmmenmoneanono Projet 3 : ’
. Rayon charge ' Cryo-HINA Rayon charge | HCls-

absolu | # absolu | Molecules
::::::::::::::::::::::::::_ﬁi HCls-Spectro i;'_'_:'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_:'_'_'_'_'_'__.:

Test NPC | Orbital EC . Test NPC NEEC
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” Master Projet : lons Multichargés et Applicati @ oo Wi

+ Pojects Project 1 Project 2 Project 3
+ i - 2026--29 2030--31 2032--35
Timeline -
— Short-term Mid-term Long-term
+ HINA-EBIT Room temperature EBIT Cryogenic EBIT
Funding ANR HINA - -
IONS MULTICHARGES Objective |Production/Trapping HCIs| Coupling to DESIR Decay of heavy HCls
ET APPLICATIONS Accessible El H-like up to Fe & He-like up to Xe Bare up to Xe & He-like up to Pb
,’— ---------------------------------------------------------------------- -~\\
AN . . .ge N
/ —IM. Projet scientifique \
{ + , . I
I féderateur collaboratif Spectro Laser Spectro Laser |
I 14 I 4
| . . . |
: nght lons Spectro Heavy lons Spectro Bound state :
: Masse Masse b-decay :
14 14
: Projet1: Projet 2 : oo T Projet 3 : B :
! ANR-HINA | | HINA@DESIR || | "2YOn charge Cryo-HINA | | | Rayon charge | HCls- !
: 7| | absolu ; 7 absolu ; Molecules :
I e T | —— - o]
i HClIs-Spectro || | 1 HCls-Spectro | | (T I
\ Orbital EC || | TestNPC | Orbital EC |{! TestNPC | NEEC H
\ 7| i 7 i i V4
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Preliminary HINA beamline @DESIR ) @ = wie

Pre-ANR ANR Timeline 2025-2029 Post-ANR
Preparatlon. EBIT Assembly Test EBIT Production/trapping Experiments
HINA beamline , )

Zaijfman trap construction/ Detectors tests / w/ Arbeam / He-/H-like Cu,Ga beam at DESIR

Cl
=
[

to be constructed in

Zajfman trap 2026 with the MPIK

Under

. test
Montage a

Tancrede

MAX-PLANCK-GESELLSCHAFT

09/10/2025 ANR-HINA -- Journée EAP 2025 10



Emplacement idéal a DESIR = @ nverstd Wl o

LASAGN

.,—" 1§ PN Lyl S AN
AR T C 7 AT

Id.
Station

5% 2|

| - " - C
MR-TOF-MS H PIPERADE
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non ANR |

09/10/2025

Planning projet HINA @IJCLab

Year

2023

2024

2025

2026

2027

2028

2029

Quarter

Simulations & Design

Q4

a1 |az |a3 |as

Q12 |a3 o4

a1z a3 [as

a1 a2 |a3 o4

Q1 ]a2 a3 a4

a1 a2 [a3 o4

HINA beamline preparation

Restoration of the Zajfman trap

Preparation HINA setup

IN2P3 Postdoc: M. Sguazzin

ur

Production Ar(g+) with ECR

Cu beam development w/ LMIS

Coupling LMIS - HINA beamline

ToF spectra Ga,Cu w/ Zajfman trap

Construction/validation at MPIK

)

Installation/validation at Tancrede

ANR Postdoc

IN2P3 IR

x-ray signal from HCls

Installation/validation at Tancréde

1JCLab PhD: M. Benh

Achieve UHV (<1E-Smbar)

Trapping ECR/LMIS-EBIT HCls

Optimizing trapping/detection

Measure lifetime CX of Ar,Cu,Ga(q+)

Commissioning

ANR PhD student

Charge breeding Cu,Ga(g+)

x-ray signal HCls Ga,Cu(qg+)

(

DR method for Ar,Cu,Ga

Analysis, interpretation, publication

Financial support

ERM/IJCLab

lJCLab/CNRS

ANR-HINA -- Journée EAP 2025

<-- ANR start

ANR end --3
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universite
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t Demande de moyens @D o wier

2026 2027 2028 2029 Total
Equipements 30 000 € - € - € - € 30 000 € + T+ .
Electronique Zajfman 20 000 € _qM Nouveau prOjet
Plateforme HT 10 000 € - - € - € Ia scientifique féderateur
Fonctionnement - € - € - € - € - € ]
IONS MULTICHARGES
ET APPLICATIONS
Missions - € - € - € 3000€ 3000 €
missions DESIR/GANIL - € 3000 €
Personnels 2000€| 2000€| 2000€ 2000€ 8000 €
stages 2000€| 2000€| 2000€ 2000€
TOTAL 32 000 € 2 000 € 2 000 € 5 000 € 41 000 € Nom des personnes | Status 2026 2027 2028 2029 |Total (FTE)
Pole Accélerateur 10% 10% 10% 10% 0,40
Nom des personnes | Status | 2026 | 2027 2028 2029 |Total (FTE)| B- Mercier 4 o .
Pole Nucléaire 290%|  370%| 270%|  230% 11,6| - Ramiraz IR iz e 2l Hiz
S. Naimi DR 90% 90% 90% 90% :‘::fb::;'ea"e B 3:: ;g:f 1;3: 1:2:: Se>
K. Hauschild CR 5% 10% 10% 10% IN2P3 IR 0% 0% 100% 100%
V. Manea CR 10% 10% 10% 10% Plateforme MOSAIC 20% 20% 5% 5% 0,50
M. Benhatchi Doctorant 35% 0% 0% 0% F. Daubisse Al 20% 20% 5% 5%
ANR Post Doc 100% 100% 0% 0% Pole Ingénierie 80% 50% 0% 0% 1,30
ANR Doctorant 25%|  100%|  100% 75% & Mieayron i St 20% 2 0%
IN2P3 (IRL NPAT) Doctorant 15% 50% 50% 35% D. REYNET . £ £ i L5
s. Della Negra Emérite 10% 10% 10% 10% Laa " 1o =l o o
g D. Breton IR 5% 5% 0% 0%
TOTAL (FTE) 2,90 3,70 2,70 2,30 L |e—— i 0 0 e o
TOTAL (FTE) 1,35 1,00 1,25 1,25 4,85




Potentiel des applicatibns des ions multich

HCIs molecular actinides

Orbital EC in H-He-Li-like

140 Pr58+
S$=1/2

140 Ce58+

available @DESIR

High precision
Coll. laser spectro

45 - v

4+

LS <y

*o amn® R

Mass Shift
-principle-

F--------------------—

two photon ¢
- . forbidden
g F.z

|: 180“* Y /

(LS-forbidden)

Pch

PNC test - -
e | Feasibility :
1
singlet - test@DESIR 1
25+ I COOOCOC0D.
e |
total orbital anguiar momentur I
3 metastable :
SO resonance 1s2p 3 1
' R, w f PU,1,2 I
| , I
Y interc:)mbination o S 1 I
u“ | , X+y ;

y triplet :
|
|
|
|

1s?
shell singlet

09/10/2025

N

nhuclear
battery?
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—
30 |
Field Shift
-principle-
>
3 L
Ta 53]
<
- I
/ 15 |
..‘:‘#
0t /
16 2% 357 oo
B TPat/

Bound state beta decay

Bdecay:n—>p+e +v~

Neutral atom Bare atom
es 4 A ! 1A

L) 1
Continuous-state Bound-state - decay

- decay
(B. decay (B, decay)
i « Occupancy
i o Vacancy
K I
I
"




université JAJ Université
PARIS-SACLAY X Paris Cité
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HINA@DESIR

Orbital EC in H-like & He-like ions

Suggested nuclei to be studied experimentally

Hlikeion I — I7  p/uy  SE@V)  tp P
LT 189 0.004 3d 17.3 s
I LB 115 ol 10h 35d
1+ >0t —022  0.009 7h 12.7h
I+ =0t 4001  0.001 Syr  67.7min
17537 4055 0041 12min  11.2d
Cosmic Ray 18 Ag 1" —- 0" +2.69 0.33 0.24s 237 min
1310 Ik ov B P 3lms  9.69d
41N LY 4101 043 04s  25h
1784 1+ >0t 4274  2.87 1.6ms 9.31 min
Standard theory of EC:
overlap of nuclear & electron
wave functions u>0

09/10/2025

.
universite Université
A IS

99999 -SACLAY

Decay by EC is not allowed!

a) b) :IJJ.Sn49+ m In 49+
7/2* 35.3(6) min 0 sS=12
LT
50N 1=92
Qe = 2445(8) keV k_ /
B o
*=30.2%
EC = 62.7% S =1/2_H1‘
9/2+ 2.804fﬁ)days [ L= +0.61p, M= +5.50uy
29"
Foles{ 3 =25 2} F=l+s
. 3=—><— 4 B
64Cu28+ 44%EC 64Ni28+
S$=1/2
-
F=1+%
u<0

ANR-HINA -- Journée EAP 2025




t EC decay of Li-like ions : PNC | 7 @ sy

PHYSICAL REVIEW C 84, 064309 (2011) E 1 P, _s2p He-like 20 - Ratilo of relativistic 2S and 1S densities at the
singlet Ry | nucleus
e . _ 18-
Nuclear electron capture in Li-like ions . J— :
1 metastabl¢ 16+
Katarzyna Siegien-Iwaniuk and Zygmunt Patyk 0 resonance 1s2p 4 :ﬂ: I
National Centre for Nuclear Research, HoZa 69, PL-00-681 Warsaw, Polan 5 i 7E P0,1,2 ﬁ 144
: L 3Q. s 121
Y intercombination s 1 NQ
ul 1, x+y ; 1828 ‘ -— .
FOF a||0wed EC PO 21 —I_ 1 two photon : : " 10 4
|—>|+1 —_— E fort:;d;ien (LS-forbidden) i
-— i \“ ' 8_
Pl 2(1 L 1) —|_ 1 I: 1S €y / !
0 192
sin 6 * I K I * I * | & 1 * L : ! s 1 % 1 ¥ 1
TABLE L. The ratio of probabilities Py/P; that the lithium-like ="' " 0 10 20 30 40 50 60 70 80 90 100
ion decays into the excited states 2 'Sy and 23S, of the helium-like Decay of the 1S, can be very X
; . 2 g
ion. The ratio is calculated for two types of EC decays I — [ £+ 1. accurately calculated (QED) P = (2([ +1/2)+1 n VA ) (1 B i) 7
j =
i 1 n --> Suggested for PNC test @r41) 2p1%(2) Z
1 1
I—>1-1 I —>T1+1 a -
H-likeion I — 1
0 L i S For allowed EC |—>I+1
1 1 19N 1+ {5 Conservation of angular momentum
: 2 © 5 e : "
1 3 - T 3+ 3+ HINA Li-like ions decaying from state 1%
2 ;. 2 2 2
. . 1 3
3 _ G I+ — 0* P’ 20 +1/2) +-1 _4Yp
00 1 1 %Ga 17— 0F = 2I+1) B .

09/10/2025 ANR-HINA -- Journée EAP 2025 17



Mesure rayons de charge absolu (sans la

= PHYSICAL REVIEW RESEARCH 7, L012024 (2025)
i

Zr Filler

EUV
Mirror

i Determination of nuclear charge radius by extreme-ultraviolet spectroscopy of Na-like ions

ol A. Hosier®,">" Dipti®,> S. A. Blundell,® A. Lapierre ®,* R. Silwal,’ G. Gwinner®.,° J. N. Tan®,” A. Naing,’
. il J. D. Gillaspy ®,%7 Y. Yang ®,"? P. Szypryt®,® G. O’Neil®,® H. Staiger®,"? J. M. Dreiling,” A. C. C. Villari,* I. Angeli®,’

. =
Michele - v fs Yu. Ralchenko®,? and E. Takacs®!-%*
Sguazzin _ -
. . ol Grating
Projet scientifique
@DESIR ” ¥ 78 | Aa
78 Pt
7 | Ir @ absolute radius
Py e 76 Os . @ both
QO difference radius
75 Re .
|_ -e000——eo000/ @ L e e OIS difference measurement
74 W
--------------------- KIS difference measurement
73 Ta ® i
Muonic difference measurement
Pch Z 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121
N >

Réduction de l'incertitude dans **'Ir par un facteur 8
—> Répercute sur toute la chaine isotopique de Ir

—

09/10/2025 ANR-HINA -- Journée EAP 2025



EBIT: Electron Beam lon Trap

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 234:27 (25pp). 2018 February

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

radial electron
space charge
potential

X-ray energy (eV)

Q
Q
—
-
O
Q.
@

= |
electron —B> electron
beam a— ' collector
< <

1(90°)-1(0°)

Ge detector
1(0°)

Excited aligned ion

09/10/2025 ANR-HINA -- Journée EAP 2025

Drift tube electrodes

4800 4900 5000
Electron beam energy (eV)

Ge detector
1(90°)

Electron beam

‘__—;ef\d"’ _—— Polarized X-rays
B-fi

.
universite Université
PARIS-SACLAY Paris Cite

Shah et al.

2p3p

i 2p1j
——0—0—2sy;

—O—.—131/2
QR

000020

2p1p
— - —2sy

—O— —1syp
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@ universite
PARIS-SACLAY

. ' .
Electron Beam Ion Trap (EBIT) Zajfman's Electrostatic lon Beam Trap (EIBT)
Electrostatic mirror  Einzel lens Einzel lens Electrostatic mirror
spectrometer b —  —— b—  a——
(X-ray, UV, EUV, visible light) S e e R
radial electron ”M 'M']m
space charge I |—' l
7 potential 1 il
= v, “M' [ l “ il
——:—_ — £ 4 EJ i Pick-up electrode IES IES '
- I EE— P RS Wm """" R A e o o o -l
e electron 2 71  E2 E4 Al
beam % B E collector | l I i] T T I I l I l
axial potential |j l
Vz vV,

_ci - . ignal amp. vs. time
In-situ X-ray spectroscopy m 8 P i
% o -<_ é 10* 65Cul2CH,*
] : TOF mass
Reference measurement with stable beam e spectrometry .o 3 Mkl
10 20 30 40 50 60 70 80 ToF /ms
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Id.
Station

South 5

South4 /
MLLTRAP
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*

Electron Beam lon Trap (EBIT)

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

radial electron
space charge

| » otential
magnet coils £ »< I .
CANOME ey P .

\ \\\\\\\\\\\

José Crespo

electron electron

, B
beam }v‘» V( collector

Electron |
gun

Drift-tube
feedthroughs

Pumping

NdFeB
magnets

HCI extraction
optics

" collector
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Klaus Blaum

External
source

Low q+

High g+
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Nuclear electron capture in Li-like ions

EC decay of Li-like ions for PNC test

PHYSICAL REVIEW C 84, 064309 (2011)

Katarzyna Siegien-Iwaniuk and Zygmunt Patyk

National Centre for Nuclear Research, Hoza 69, PL-00-681 Warsaw, Poland

.
@ universite
PPPPP ~SACLAY

Decay of the 1Sy can be very accurately calculated (QED)
--> Suggested for Parity Non-Conservation test

[ 1 152 :
" P : He-like
e
Sjﬂglet mlna?rﬁ:?;l:f;::rn:zamsrl.lm
25+1
+ L‘j
total orbile’ anguiar momenturm
metastabl
§ S etastab e
0 resonance 1s2p 3
R, w f Poa2
E | - 3
intercombination
‘: 1, X+y 1s2s S 1 iy
t h t triplet
wo phaton
= _L forbidden (LS-forbidden)
k F, 2
c '

shell

09/10/2025

1801“! /

1s¢

singlet

For allowed EC & 21 oy 1

e P 20x1)+1

TABLE L. The ratio of probabilities Py/ P, that the lithium-like
ion decays into the excited states 2 ISy and 23S, of the helium-like
ion. The ratio is calculated for two types of EC decays [ — [ £ 1.

19 1% 1%
Ne 5 ¥
37 3k 3+
AI‘ i — 5
$4Cu LF o~
8Ga ¥ 5 OF
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I o} i)
: Py Py
I —=71-1 I —-1+1

|
0 3
1 1
2 2

3
1 3 .
3 2
3 2 3
00 | 1
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Simulation studies for the EBIT acceptanc et W s

= = = 2 40 4 Capture efficiency
1
30 0.9
0.8
- 2] 0.7
>
101 g 0.6
] S o5
% 0 E 0.4
?: 10 0.3
Michele Sguazzin 02
Postdoc CNRS-in2p3 - ' e °';
OCt. 2023_p rese nt n = ° ’ loRMS Emittance (::tsmm mrad) % = *
MiSSion : Development Of highly —401 ®~lon Beam Diameter 2 mm =©-lon Beam Diameter 1 mm
charged ions physics at DESIR/GANIL =T w T "
Y Full inside Y  Partially outside y Totally outside

The EBIT acceptance depends on several variables:
e electron beam and the magnetic field

'1177//’23"4‘\'\ N * Energy of the ion beam before injection 20 keV
)y ,’m‘\‘ N ":1 e

. e w00 Electron beam: I, = 0.08 A, E, = 10 keV
T ” e | . . Magnetic field: B=0.86 T
TRAP region Collector region Deceleration optics

RMS Emittance (egps) in x & y about 3.7  mm-mrad
Effective emittance ¢,¢: €,7~ 4- €gps = 14.8 m mm-mrad
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( p re I i m i na ry ! ) _ , @ universitd LAY yniverss

Charge states distribution

Charge states distribution
o 7 o
““ 3 Art g i;{
Before cleaning =il After cleaning = ar
@“& 1 Arlo+ . Al
J 1 Arlz+ 1 Arlo+
§p\<,@ 101 4 =2 10! 4 == Afi:
FoBe ™ I 17| o
Michele Sguazzin 1 1 E -
(@ — 1. 1 x 10 mbar — 3.6x 10° mbar — 8.1 x 10° mbar B =
T T T . T T 1 T T
10* F ACAR AT AT AT W
10° k ‘7
= 100 = o 4
. n Il om 1 [ &
au) ) 200 300 200 500 600 700 HZOO 1 ﬂ ﬂ,;éo H_ﬂsﬂj 600 - ‘Dﬂ
(_CU 1 0 Frequency (kHz) Frequency (kHz)
g EBIT cleanning by ions axial excitation with SWIFT method
spectrometer — At
10' (X-ray, UV, EUV, visible light) — A
radial electron — A
space charge 807 = A’? ;
magnet coils S patantiat - 2;“
eI e RS E )
cathode — 60
e E— "E
electron electron 3
beam collector E 40 1
5+ 6+ 8+ 10+ 12+ 14+ 16+
SRsTT,
axial potential 201
Micke et al, Rev. Sci. Instrum. 89, 063109 (2018): Cleaning: SWIFT method
Electron gun operation: 4mA, 2.8keV (Stored Waveform Inverse Fourier Transform) T ‘ ' ; . ;
[} 20 40 60 80 100
M. Wiesel, PhD thesis (TUD) 2017 Time (ys)
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Pick Up Sig for Ei = 780eV/

3§
‘ Offline IS Charge Trapping
\ (LMIS) Breeding observation

1

Serge Della Negra Maroua Benhatchi

=— ------ , :m -------- : Zajfman's Electrostatic Ion Beam Trap (EIBT)

. . La pointe a un . I o : — Time (ms)
Liquid metal diametre de | = 1 M R e ek —
. 0‘2 mm I I klli L3 IJ L] IIKJ
ion source ) g ol { fe il

| . Tl L 22 L il -
CU, Ga : B o=y '_;‘:‘_::;_"""_::';; - g
. Ly Ly n
| y
o : : T
--------------- l 200 0 0 0

Simulations:

L ; ™y Injection optics
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Trapping HCls: UHV issue

Trapping of AL'* ions @LKB
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Isobaric purification: Emittance acceptance HINA @30keV':

HINA exp. erums = 3 mmm-mrad

19~ ,19 om ~ .
F/ "Ne©"/, ~5000 paHRS DESIR-GPIB egps 1.2 T mm-mrad

Ar C1OM/ ~ 42,000 BHRS paMRTOF

P Bunched mode:
Cu /"Niom/ =~ 35,000 &HRS pqVIRTOF
. / . /m . DESIR-GPIB: 10° ions/bunch
Ga [*°Zn 0/, 22,000 pxHRS Efficiency 0.1% for Ne (T, = 17s)
--> 10 events in 25ms
Yields: ——>109 events in 250ms
Continuous mode to be tested
P Ne production @SPIRAL1 LEB: 1.8-10%pps 7 Ar Others:
estimate @SPIRAL1 LEB: 9.1-107 pps HYV platform

4Cu estimate @SPIRALL LEB:  4-10° pps Cooling water
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Soon we will have one too... » @ s Wi
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¢ . EC on He-like and Li-like 19Ne @ e Wi

. . . - -1 19 I I
2D Decay Spectrum with time-resolved integration Decay Curves for Li-like 'Ne with 100V trapping
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HINA experiment @DESIR @ universitS WAL doenis

Adding a new dimension @DESIR for exploring the nuclear

B A e e chart and increasing scientific impact

light ions

24 3+ g+ q: atomic charge

Trap-based setup

Nuclear physics
Astrophysics

High precision
New applications
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v HCls: an exotic matter!

Where do we find them?

HINA: Nuclear decay of
unstable HCls

General picture for
extragalactic cosmic rays

Birth
supernovae
pulsar
black hole
AGN

Decay processes

radioactive decay
spallation

MR
S,
Propagatlon \ "/

N
magnetic fields "t‘,o
interactions /

Detection
~ ‘cosmiic ray air
; ower -

Galactic ™
deflection ~
magnetic field
interactions

Image courtesy Daniel Kimpel

Measured H-,He- 1°Pr at
GSI

Litvinov+, PRL, 2007
Orbital EC in H-like ions

140 p . 58+ 1405 58+
S=1/2
I=1 o 1=0
- *Y EC
—
A A
L \',e
s=12%
32 X~ = =
Ful+a~{ 10 F=l+s=1/2

Secondary Li, Be, B, and F nuclei in cosmic rays are produced by the collision of primary cosmic rays, C, O, Ne,

Mg, Si, ...,

st

Proton

upernova ,
& explosion

Fluorine

' Lithium

; : .
Silicon ~ ; g \
- A ® Boron y

Fe, with the interstellar medium.

Measurements of the
secondary cosmic ray
nuclei fluxes and the
secondary to
primary flux ratios are
important in
understanding the
propagation of
cosmic rays in the
Galaxy.

Beryllium



ANNUAL REVIEW OF NUCLEAR AND PARTICLE SCIENCE Volume 57,2007

Review Article
Cosmic-Ray Propagation and Interactions in the Galaxy

Andrew W. Strong?, Igor V. Moskalenko?, and Vladimir S. Ptuskin?
© Hide Affiliations

Affiliations:

Max-Planck-Institut fir extraterrestrische Physik, 85741 Garching, Germany; email: aws@mpe.mpg.de

“Hansen Experimental Physics Laboratory and Kavli Institute for Particle Astrophysics and Cosmology, Stanford University, Stanford, California 94305; email:
imos@stanford.edu

SInstitute for Terrestrial Magnetism, lonosphere and Radiowave Propagation of the Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow region 142190, Russia; email:
vptuskin@izmiran.ru

Starting with the heaviest primary nucleus considered (e.g. 64N i) the propagation
solution is used to compute the source term for its spallation products, which are
then propagated in turn, and so on down to protons. secondary clectrons and
positrons, and antiprotons. In this way secondaries. tertiaries ctc. are included.
(Production of 108 via the "Be-decay channel is important and requires a second
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
species because of the difference in the lifetime. Since H-like atoms have only
one K-shell electron, the K-capture decay halt-life has to be increased bv a fac-
tor of 2 compared to the measured half-life value. Primary electrons are treated

Consideration of EC in the GCRs prop: @D oo Wi

PHYSICAL REVIEW C 77, 014306 (2008)

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

Zygmunt Patyk,' Jan Kurcewicz,” Fritz Bosch,® Hans Geissel,® Yuri A. Litvinov,® and Marek Pfiitzner?
ISoltan Institute for Nuclear Studies, Hoza 69, PL-00-681 Warsaw, Poland
2Institute of Experimental Physics, Warsaw University, Hoza 69, PL-00-681 Warsaw, Poland
3Gesellschaft fiir Schwerionenforschung (GSI), Planckstrasse 1, D-64291 Darmstadt, Germany
(Received 3 August 2007; published 10 January 2008)

Measured H-,He- 1°Pr at

GSI
itvi +, PRL, 2007
14d—ﬁr§6’¥ 140 5 058+
S=1/2
L. 1=0
4 EC
= @

V.
S=1/2

F=I+s—(:3’2 X Ezl+s=12

172 ——

Ton Ag+ (sec™) Age (sec™)
140p 59+ 0.001 58(8) e
140p S8+ 0.00161(10) 0.002 19(6)
140p 57+ 0.001 54(11) 0.00147(7)

Factor 2/3
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” HCls: key for interdisciplinary applications @ s Wi

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

Editors' Suggestion

Letter ‘ Published: 08 February 2018

Bound-State Beta Decay of 2TI®!* Tons and the LOREX Project lsm.ner.depletlon as experimental evidence of nuclear
excitation by electron capture

nature > articles > article

A
Article | Open access | Published: 13 November 2024 B}
High-temperature 29Tl decay clarifies 22°Pb dating in )
g p y g »r—n K : ANNAAN>
early Solar System
GS 8-
€3
©
N*

Romain Bellet (CIFRE) = .
Co-encadrement lJCLab Energy storage.

nuclear battery?
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NEEC search at TITAN-EBIT
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