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Where is Orsay Campus (Paris-Saclay University)
Orsay Museum



Courtesy to Enrique Minaya Ramirez
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The research platform of IJCLab
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https://alto.ijclab.in2p3.fr/en/facility/alto-leb/production/
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MLLTRAP project in France

2016 - 2026 : Commissioning and upgrade of MLLTRAP + mass measurement
campaign @ ALTO (silver beams commissioned end of 2023 at ALTO).

Framework : "adaptation of experimental devices for their use with DESIR"

MLLTRAP

The goal of the MLLTRAP @ ALTO is to :
o Characterize the preparation and manipulation sections with radioactive

ions
o Test the resolving power of Penning traps with low production rates
o Continue the In-trap project R&D

Enrique Minaya Ramirez – Séminaire DESIR - Caen

RIB ~ 3 keV
RIB ~ 30 keV

Manipulation
Preparation Transport

RFQCB 59°
Deflector

RIB ~ 0.1 keV

90°
Deflector 35°

Deflector

Courtesy to Enrique Minaya Ramirez
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MLLTRAP : High-precision mass spectrometer

- Optimization of stable beam in the transport in section
(M3).

- New campaign of emittance measurements to compare
beam dynamics calculations from the ECS to the RFQCB
entrance. The new simulated values of the voltages to be
applied will be tested this autumn.

- A new high voltage source is under commissioning.
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P16P16

P06

ECSPARRNe

Photofission

Manipulation

Preparation

Emittancemeter

E February 2024

E
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E

E

April 2024
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MLLTRAP : High-precision mass spectrometer

- Penning traps installed and aligned. Preparation section
installed and aligned. All the sections are connected.

- All the electronics for the preparation section is being
installed and tested.

- All the diagnostic have been installed.
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MLLTRAP : High-precision mass spectrometer

- Temperature stabilization system inside the magnet validated
- Installation of a helium recovery line
- Control system based on CS++ (GSI): integration of all new

equipment, Grafana interface for some devices.
- Magnetic probe to track the strength of the magnetic field

evolution in real time is also integrated in the CS++
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Why measure masses of exotic nuclei ?
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Mass measurement principle
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Mass spectrometry and isomers

Hoff et al, PRL131 (2023)
during r-process 128Sb is populated in 10min (1keV)
Conclusion: 128mSb is an astromer and accelerant
(t1/2 10min vs. gs 9h)

Misch et al., ApJS 252 2 (2021)
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Mass spectrometry and fission study



10/28/2024 Sarah Naimi -- LEES2024 Sendai Oct.28--Nov. 1 15

Mass spectrometry and fission study

Rakopoulos et al., PRC98(2018)
Isomeric ratios of fission fragments of proton
induced fission on U and 232Th @IGISOL What about the photofission?
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MLLTRAP – R&D for Beam manipulation
In-trap decay spectroscopy for MLLTRAP

• Decay experiments with carrier-free particles stored in a Penning
trap enable studies on ideal ion samples.

• The improved energy resolution can be exploited for high-
resolution α- and electron-decay spectroscopy.

DARING (Decay And Recoil imagING) technique to measure lifetimes of first excited nuclear states populated by 𝛼 decay.

P. Chauveau et al., NIMB 982 (2020) 164508
P. Chauveau et al., NIMB 463 (2020) 371



10/28/2024 Sarah Naimi -- LEES2024 Sendai Oct.28--Nov. 1 17

MLLTRAP – R&D for Beam manipulation
In-trap decay spectroscopy for MLLTRAP

à Design fixed, all mechanical parts and insulators received in 2020.
à Gold plating of all the electrodes performed in October 2022.
à The next step is to finalize the mechanical assembly in 2024.

• Penning trap as high-resolution mass separator to prepare
state-selected pure sample

 clean spectra
 detailed nuclear structure information in one experiment
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MOSAIC platform (Stable beams)



A large variety of elements and energies available
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MOSAIC platform (Stable beams)
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TMI: Study ion trapping techniques for nuclear physics

Liquid metal ion source
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HINA Project
(Highly charged Ions for Nuclear physics and Astrophysics)
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Highly charged ions naturally present in the stellar medium



10/28/2024 Sarah Naimi -- LEES2024 Sendai Oct.28--Nov. 1 24

Bound state beta decay

163Dy0 stable 163Dy66+ instable 49keV -2,8keV 13keV 65keV
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Bound state beta decay

163Dy0 stable 163Dy66+ instable 49keV -2,8keV 13keV 65keV

J. Phys. Radium 8, 238-243 (1947)
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Lifetime measurements in the ESR
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Bound state beta decay in astrophysics
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Bound state beta decay: a lot needs to be done
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EC decay of H- and He-like atoms

Measured @GSI

EC rate depends on the occupied electron shells
Z. Patyk et al. PRC77, 2008
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New way to explore properties of atomic nucleus
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New way to explore properties of atomic nucleus
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Traps as alternative to Storage Rings
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Advantages:
Eco / cost
Confinement is small
space
—> radiation detection
around the trap

Issues:
confinement in small
space
—> space charge effects
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Charge breeding: EBIT
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Tools to be developped at IJCLab
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Production of multicharged ions @Tancrède
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HINA beamline @Tancrède (ongoing)
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Sarah
Hussein

Maxime Duval
(L3)

Maroua Benhatchi
(PhD)



• Developement Set up:
• penning source to create ions (energy spread ~100eV)
• different optical devices to pulse and optimise ion beam
• Zajfman’s Trap
• diagnostic devices

Offline test setup
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First test of trapping with Zajfman trap
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• With𝐻+
2 :

• at 𝐸𝑘 ≈ 2KeV:
• V1 = 2826V, V2 = 2168V, V3 = 2168V, V4 = 661V, Vz = 1850V
• Trapping time up to 80us ~ 40 revolutions (very low signal)

10/28/2024

Signal on MCP for a shoot throught, ToF = 10,85us. Signal on MCP for one revolution, ToF = 13,69us.

𝐻+
2 Detection on MCP

Detection on PickUp

*using trap
switch

*before cleaing source *before cleaing source*using trap
switch

Signal on MCP for one revolution, ToF = 13,69us.

𝐻+
2

reflected on exit
mirror

𝐻+
2

entering trap

*without trap
switch

*before cleaing
source

Buncher switch
noise

Buncher switch
noise

Trap switch
noise

Courtesy of Maxime



Measurements with pickup electrode
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• With 𝐴𝑟+:
• at 𝐸𝑘 ≈ 3KeV:

• Trap entry : V1 = 4760V, V2 = 3528V, V3 = 3535V, V4 = 959V, Vz = 2908V
• Trap exit : V1 = 4754V, V2 = 3543V, V3 = 3510V, V4 = 930V, Vz = 2916V
• Trapping for half a revolution (~ 4us)

10/28/2024

𝐴+
r

entering trap
𝐴+
r

reflected on exit
mirror𝐴+

r

Detection on PickUp

*without trap
switch

*without trap
switch

*After cleaing source*After cleaing source

Buncher switch
noise

Courtesy of Michele



Measurements with pickup electrode
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• With 𝐴𝑟+:
• at 𝐸𝑘 ≈ 3KeV:

• Trap entry : V1 = 4756V, V2 = 3570V, V3 = 3399V, V4 = 925V, Vz = 2663V
• Trap exit : V1 = 4730V, V2 = 3553V, V3 = 3345V, V4 = 928V, Vz = 2699V
• Trapping for ~ 80us, 10 revolutions

10/28/2024

Detection on PickUp

𝐴+
r ion bunch

decaying over time !Trap switch
noise

*using trap
switch

Buncher switch
noise

Courtesy of Michele
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Measurements with pickup electrode
• Our’s • Dina’s

P = 2,3 E-7 mbar

Trapping of 𝐴+
r ions

Trapping of 𝐴10+
r ions

Trapping of 𝐴11+
r ions

clean signal
and

higher vaccum
needed !!!

10/28/2024
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Simulation for vacuum (Molflow) @Tancrede
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Michele
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(postdoc
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Measurements @DESIR: masses, laser & decay spectroscopy
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HINA project (Highly charged Ions for Nuclear physics and Astrophysics)
High precision mass measurements & Laser
spectroscopy

Under development
@IJCLab
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TMI: Study ion trapping techniques for nuclear physics

DESTIN@PERLE is an ideal place for R&D
—> trap techniques could be developed @TMI
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Principle of ERL
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PERLE project @ORSAY (energy recovery LINAC)
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PERLE project @ORSAY
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PERLE project @ORSAY
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PERLE project @ORSAY
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PERLE project @ORSAY Time-line
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DESTIN@PERLE
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IP_FP

PERLE 250 MeV : interaction points

These quads allows beam tuning at IPs
• Control of beam size
• Control of beam angles



Estimation of trapped ions
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Charges in 500mm
SCRIT (200mA,13mm)
5e12
DESTIN (20mA,3mm)
5.2e11



Trapping & Overlap efficiencies

28/10/2024 DESTIN Meeting 55
Short trapping time 45ms, 108 132Xe & 4x108 133Cs



5𝜎 vertical envelop
along PERLE
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Beam envelop

5𝜎 horizontal envelop
along PERLE

• Blue/green : ± 5𝜎 beam envelop
• Grey : energy (passes)
• Orange : centroid
• Dotted red : beam pipe 𝜙40

Zoom at IPs

Bunch length and energy spread are normally fixed along the lattice in nominal operation
However, possibility to tune the lattice to minimize either one or the other -> under investigation
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Choice of the trap: important for high luminosity
Alternative: EBIT

Study is ongoing

New PhD position will open soon at Paris-Saclay...



EBIT as an alternative for the trap

28/10/2024 DESTIN Meeting 58
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ありがとうございましたThank you for your AttentionMerci


