x .* | FACULTE i F
universite | bessciEnces Universite
U CL b PARIS-SACLAY | D'ORSAY ] de Paris

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

Wenling Dong

|IJCLab, Orsay, France
November 29, 2023

for the S3-LEB collaboration

29/11/2023 ISOLDE Workshop 2023



® FACULTE

] N ] Ny
| U
” ( Outline universite sesscences  [LA] Yniversite
Lab

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

« Off-line laser spectroscopy measurements with S3-LEB

« Design of the FRIENDS? prototype
o Preliminary simulation study

o Test-bench study

 Conclusion and outlook
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396.7 nm
4f2(CHy)6s6p, 1=5| 24083.26 cm™?
A
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42652 3HC, ] = 6 0cm™

First off-line measurement, studied
by J. Romans and A. Ajayakumar.

What has been achieved:

« The in-gas-jet resonance laser ionization
were explored in detail for Er (S2 first
physics case).

» The transmission across the whole setup
was preliminarily optimized to 80-100%.
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Recent work:
 check the other sensitive schemes that are
efficient and sensitive to nuclear properties.
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TOF spectrum of stable Er behind PILGRIM
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King plot analysis for IS factors
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[1] A. Ajayakumar et al.Nuclear Inst. and Methods in
Physics Research, B 539 (2023)

[2] 3. Romans et al. Nucl. Instrum. Meth. B 536 (2023)
[3] W.J. Childs et al., Phys. Rev. A 28 (1983)
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« Design of the FRIENDS? prototype
o Preliminary simulation study

o Test-bench study
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Inject the ions in
a fast gas flow

1
! :
! I
! I
1
: ( ooo\’ \/ :
U B A - |
: - Al N |
1 Extract, focus and , I Force neutralization before :
I guide theions 1 | extraction I
r mm
0 S. Raeder et al., NIM B 463, 272-276 (2020)
Limitations of current gas cell: > -50 JETRIS collaboration
 Extraction time too long for short- no-field
lived S3 products v 200 tube
+ Neutralization efficiency depends pc [l é&
on the beam intensity funnel | ~130 «  Simulations
‘ i TR « experimental tests
Obijectives of FRIENDSS? project: pc |- \
* Reduce extraction time ~ 100 cage s
ms.

 Improve neutralization efficiency 0 COMSOL + SIMION

» Ideally both at the same time
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Study of simulation tools and methods: COMSOL + SIMION

Multiphysics problem: COMSOL
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/ Calculation of static and dynamic electrical fields
Contour: Electric potential (V) ]

Laminar gas flow through the cell

Particle tracing under the action of gas flow (drag)
and electrical field (drift)
Plasma processes (ion recombination)

Statistical Diffusion Simulation (SDS): SIMION
Diffusion effect in high pressures o

| "% SIMION :

Simulated performance:

* time available for

> FlOW SimUIated by COMSOL, ion neutraliza’tion ~ 55 ms.

transport simulated by SIMION.
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Multi-hybrid
adapters(CF16,
CF40, CF100)

Bent RFQ —

Bent RFQ et mini-RFQ: contribution of KU Leuven (Kudryavtsev et al., NIMB 297, 2013)
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The mechanical study of the test bench is almost completed.

Gas cell

« Study ion extraction times and
neutralization efficiencies.
* Mass filtering and identification.
No-electric-field simple * Perform in-jet laser spectroscopy.

«—— gas cell (Phase I) for

study the neutralization . . .
no-electric-field - electrical

simple gas cell prototype

Test bench

mini-RFQ

lon detector (MCP)
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Conclusion and outlook

@

The first off-line results for Er(415.2 nm to FES) are in good agreement with the

literature values:

» the laser system and technique is capable of the intended first physics
cases at the SPIRAL2-GANIL S3 facility.

» the systematic uncertainties are under control.

A more sensitive scheme (408.8 nm to FES) for Er was mearsured in the scope
of S3 first physics cases:
« IS and HFS constants have been found for this transition.

The results from the in-gas-jet RIS show the potential of the S3-LEB to perform
high-resolution laser spectroscopy for on-line studies.

In the future,

» the connecting part to PILGRIM will be replaced by a 90- bender to couple
to SEASON.

« S3-LEB will be put at S3 after the commissioning, first experiments with S3-
LEB are forseen for 2025.

* FRIENDSS? test bench will be moved to GANIL at 2024.

ISOLDE Workshop 2023
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Preliminary simulation stu

Simulated performance:

extraction efficiency~ 30%

extraction time ~ 120 ms

time available for neutralization ~ 55 ms
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3-keV beam fromM  Shhss  ma”  Gewaer see, G
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g3-LEB coo\er-bUnCherp 1

Pickup Drift tube Einzel 5 short mirror
electrode shield lens electrodes

Pierre Chauveau, PhD thesis, Université de Caen Normandie (2016)
Pierre Chauveau et al., Nucl. Instrum. Meth. B 376, 211-215 (2016)

170Er at 1000 turns (other isotopes on different numbers of turns)

501 166y 167g mu = 84017 3636ns + 2 19ns, Sigma =95 5901ns + 1 6ns
0:00s
« Mass separation and measurements tested %1 168 aans|
with bunches from the S3-LEB cooler-buncher . 3] .
* Resolving power = 100 000 2 170g .
* Mass accuracy tested on a few cases to a few 20 | »
=~ 107 .
101 v L 63900 B0 @100 I 300
) el Ly TOF — acquisition offset (ns)

80000 82000 84000 86000 88000 90000

TOF — acquisition offset (ns)
Y. Balasmeh, master thesis, LPC Caen 2022
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* Developed at CEA Saclay

* « Windmill » of implantation foils

» Silicon box detector (DSSSD) for alphas and
electrons

+ Germanium detectors

* Mechanical design finished, construction foreseen for end of

2023
« First DSSSD tested, target resolution achieved with radioactive 3-a calibration source (?3°Pu, 2*1Am, 244Cm)
sources: % ol |
* 17.2 keV FWHM for alpha at 5.8 MeV |
* 10.2 keV FWHM for electrons at 320 keV 8 moc f \
Marine Vandebrouck, Thomas Goigoux, Emmanuel Rey-Herme, Damien Thisse et “°°§ { }
w |
= Al A
ok O i /T L PR P 1 R
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