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) Quel lien avec I'astrophysique ? D s Wi

Laboratoire de Physique
des 2 Infinis

Slow neutron capture process (s-process) Rapid neutron capture process (r-process)
There is a small number of free neutrons available, so the time to There is a huge number of free neutrons available, so the time to
capture a neutron is much longer than the B-decay time. capture a neutron is much shorter than the B-decay time.
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neutron capture
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La majorité des noyaux sont
instables et leur
décroissance joue un role
décisive dans la
nucléosynthese.

Peut étre modifiée en
fonction de I'état de charge.
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Bound-State B-decay of 13Dy

s process: slow neutron capture and - decay near valley of B stability at
kT = 30 keV; — high atomic charge state — bound-state 8 decay

P process

AN

§ process

Ty = 48 days r process

branchings caused by bound-state B decay

M. Jung et al., Phys. Rev. Lett. 69 (1992) 2164
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Qs (K, L,...) = Qp- — |ABe| + B
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3.39 min 405s

(a) 1+ 0 (b) 1+ 0
140 142
5ol T s1Pm
E* :é’g;f' Qo= 3388 keV E+ :173;1 Qgo= 4870 keV
stable stable
0+ 0 994% 0+ 0 _96.4%
140 142
58C soNd
Measured @GSI
AEC
Ton apr 5D Ape (s —
(A.ﬁ+ + /'\-EC)

140pp38+  0.001 61(10) 0.00219(6) (57.6 £2.3)%
HOpp™  0.00154(11) 0.00147(7) (48.8 +£3.1)%
HOp%*+  0.00174(5) 0.00165(5) (48.7 +1.8)%

42pmo0+  0.0126(3)  0.0051(1) (29.0+1.3)%
42pm>* 0.0139(6) 0.0036(1) (20.2+1.0)%
42pm™  0.0132(5)  0.0039(5) (229+2.7)%

EC rate depends on the occupied electron shells

Z. Patyk et al. PRC77, 2008

- EC decay of H- and He-like atoms
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Développer des outils ¢

Instrument alternative: Pieges a ions
plus petit, moins cher, plus performant

Zajfman's Electrostatic lon Beam Trap (EIBT)

Einzcl lens Electrostatic mirmor
—— ——

- ok eleirde .
| r—

| TETTT _” foseanannadVr
_P | 5 4 Al
“T||i|||
I

Avantages:

Eco / colt

opération offline possible
confinement en espace

—> détection de la radiation

Inconvénients :
confinement en espace
—> effets charge d'espace

12/06/2024 Sarah Naimi —Journée AP PN - HINA




t Measurements @DESIR: masses, laser & decay spe et WAL o

HINA project (Highly charged lons for Nuclear physics and Astrophysi_cs)

High precision mass measurements & Laser spectroscopy

-B
"o L e V/N
Am m

© Electron
collector

e tistis Radial potential
P (Space charge)

Axial Potential
(Trap electrodes)

Under development @1JCLab
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Deceleration optics Collector Trap region

(a) — 1.1x10°mbar — 3.6x10°mbar — 8.1 x 10° mbar
T — 1T T T T_T T L

T T T T T T T T Y
104 Ar+‘ ‘ Ar4+ . A‘r7+‘ ‘ Ar10T ) Alr13-‘0- ‘ Ar16+

0% Capture efficiency (Simulation)
=@-lon Beam Diameter (Arl+) 2 mm
60% =#=|lon Beam Diameter (Arl+) 1 mm
=#~|lon beam diameter (Fel+) 1 mm
T — 50% =@-lon beam diameter (Fel+) 2 mm
Mnats 1+/low q+ S

at tens of keV

iciency
g

HCl extraction
optics R
30%
&
W 0%
8+ 10+ 12+ 14+ 16+ LR o
- - i | Water-cooled
Drift-tube collector
feedthroughs Pumping -
Highgt 0 1 2 3 a 5 6 7 8 9

Micke et al, Rev. Sci. Instrum. 89, 063109 (2018):
e- gun: 4mA, 2.8keV
Electron gun operation up to 80mA and 10keV HV platform

RMS Emittance (m mm mrad)
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Jan Feb Mar Apr May Jun: Jul Aug Sep Oct Nov Dec 2024
A
Today
Financements:

lJCLab (2023) _JanlS—Marl
E R M (2024) Offline test of Zajfman trap _ Apr15-May 31

ANR (en cours)  [EEEME
R&T in2p3? (140kE) e -« o
Tancrede beamline test _ Apr 29 - Jul 25

LMAIS test (Au) _ Jun 10 - Jul 22

Sep 2-0ct 17

“‘ B o< 20

Demande 2025:

» Ouverture ligne budgétaire HINA

» 3,5 kEUR Missions MPIK pour M. Sguazzin, M. Benhatchi,
A. Migayron, D. Reynet et S. Naimi

» 3 kEUR Fonctionnement (Recharge source + Gaz Argon)
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