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Outline
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• S3-LEB set up

• IGLIS method

• Offline commissioning tests and results

• Conclusion and outlook



GANIL- SPIRAL2 facility
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• Aim to deliver high 

intensity primary 

beams from H to U 

(>1pμA)

• Delivery of beam to 

NFS in operation

• S3 : Nuclear fusion 

evaporation to 

produce exotic nuclei.
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Super Separator Spectrometer 
(S3)

• High resolution Recoil separator

• Primary beam rejection and high acceptance

• Mass resolution >450

• T> 50 %
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S3 in the finishing stages 
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Low energy branch 

- At the focal plane of S3
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Super Separator Spectrometer Low 
Energy Branch (S3-LEB)

• Laser spectroscopy
• Mass spectrometry

• Decay spectroscopy

R. Ferrer et al., Nucl. Instr. Meth. B 317, 570-581 (2013)

J. Romans, et al., Atoms 10, 21 (2022)

A. Ajayakumar et al., Nucl. Instr. Meth. B 539, 102-107 (2023)
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In-gas laser ionization 

and spectroscopy 

(IGLIS)

I, µ, Q

 Stable

E< 1 MeV/u

d<r2>



IGLIS method
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Entrance window

de Laval

nozzle

Filament

A. Zadvornaya et al. Phy.Rev X 8 041008 (2018)

Gas cell

• Broadening effects

• Broad band laser (GHz)

de Laval nozzle

• Hypersonic gas jet:

ρ ↓ & T ↓
• Narrow band laser (MHz)

Buffer gas: Ar

R. Ferrer et al. Nat. Comm..8.14520 (2017)

R. Ferrer et al. Phy Rev Res 3, 043041 (2021)
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PLIF
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OFFLINE commissioning results

• Er Resonance laser ionization

• First case for S3-LEB

• In gas cell/gas jet laser spectroscopy

• Isotope detection by PILGRIM 

Ar: 200 - 500 mbar 

J. Romans, et al., Atoms 10, 21 (2022)

A. Ajayakumar et al., NIMB 539, 102-107 (2023)

A.I.

415.2 nm

396.7 nm

Er
S-RFQ

mini-RFQ

Mass filter

Cooler-

buncher

Ta 

filament
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l1

l1

l2
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Gas cell
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Laser system for S3-LEB

J. Romans et al., NIMB 539, 102–107 (2023) 

170Er

Thick etalon

Dual etalon

Injection locked

Thesis (J. Romans ) 

• Laser system implemented
Gas cell laser ionization: Dual Etalon 
Gas jet laser ionization: Injection locked laser 
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Ion transport towards PILGRIM

Ar: 200 - 500 mbar 

A.I.

415.2 nm

396.7 nm

Er

Gas cell

Transmission efficiency:

• S-RFQ + miniRFQ: 𝜖 ∼ 95(5)%
• QMF: 𝜖 ∼ 95(5)% 
• RFQ-CB: 𝜖bunched ∼ 95(5)%
• RFQ-CB – PILGRIM: 𝜖 > 80%

l2

l2

l1

l1

ΔEFWHM = 13(1) eV

Xdistance = 1.5(1) mm
Ydistance = 1.5(3) mm

J. Romans, et al., Atoms 10, 21 (2022)

A. Ajayakumar et al., NIMB 539, 102-107 (2023)

GANIL COLLOQUE-Soustons - 27/09/2023  



10

Ion transport towards PILGRIM

Ar: 200 - 500 mbar 

A.I.

415.2 nm

396.7 nm

Er

Gas cell

Transmission efficiency:

• S-RFQ + miniRFQ: 𝜖 ∼ 95(5)%
• QMF: 𝜖 ∼ 95(5)% 
• RFQ-CB: 𝜖bunched ∼ 95(5)%
• RFQ-CB – PILGRIM: 𝜖 > 80%

l2

l2

l1

l1

J. Romans, et al., Atoms 10, 21 (2022)
A. Ajayakumar et al., NIMB 539, 102-107 (2023)

TOF spectra after PILGRIM
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PILGRIM:  MR-TOF-MS

TOF spectra after PILGRIM

Test with 170,166,168Er ions
• R ~ 80000
• Mass accuracy ~ 10-7

• Efficient purification
• Buncher/PILGRIM optimization : R~150000
• Active voltage stabilization optimization to reach 

R~300000
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A. Ajayakumar et al., NIMB 539, 102-107 (2023)
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In-gas cell laser spectroscopy
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• Er I Resonance laser ionization

• In gas cell  laser ionization

Dual etalon laser ~ 1.8 GHZ 

FWHM

• Broadening influences ionization 

efficiency

• Pressure broadening studies

Гshift = -4(1) MHz/mbar

Гcoll = 11(1) MHz/mbar

Ar: 200 - 500 mbar 
A. Ajayakumar et al., NIMB 539, 102-107 (2023)

l1
l2

Detection
MCP

A.I.

415.2 nm

396.7 nm

Er
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In-gas jet laser spectroscopy

170Er

168Er

167Er

166Er

164Er

Ar: 200 - 500 mbar 

A.I.

415.2 nm

396.7 nm

Er

Gas cell

Laser FWHM linewidth ~35 MHz
Spectral FWHM ~ 281(5) MHz
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A. Ajayakumar et al., NIMB 539, 102-107 (2023)
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In-gas jet laser spectroscopy

[8] J. Romans, et al., Nucl. Instrum. Meth. B 536 (2023) 72–81.

[28] W. J. Childs et al., Phys. Rev. A 28 (1983) 3402–3408.

[29] S. Ahmad, et al., Proceedings of the “Symposium on Quantum Electronics” (1985).

• Isotope shift measurement and hyperfine constants
Agreement with literature 

A. Ajayakumar et al., NIMB 539, 102-107 (2023)

A.I.

415.2 nm

396.7 nm

Er

A.I.

408.8 nm

402.9 nm

Er
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In-gas jet laser spectroscopy

A.I.

415.2 nm

396.7 nm

Er

A.I.

408.8 nm

402.9 nm

Er

Thesis (W.Dong)

170Er

166Er

166Er

170Er

• Isotope shift measurements for extraction of charge radii
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Gas flow characterization

The local temperature of the gas jet: 

• Used the transverse first-step laser configuration 

• Determined from the Doppler FWHM and atomic transition frequency of 

the 170Er resonance

• Temperature of the jet T = 46(2) K

Stream velocity of the jet:

• Used the counter-propagating first-step laser configuration

• Measure Doppler shift

• Stream velocity of the jet u = 565(35) m/s

Mach number: 

• From the stream velocity (u) and speed of sound, derived from the 

temperature of the gas jet:

• M = 4.5(3) 

• Spectral resolution: 280 MHz Expected Mach number: 8

Room for improved resolution!

l2
l1

l2l1
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Resonance ionization flow mapping

Thesis (F. Ivandikov)
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Distance from nozzle mm

• Flow matching : fine control of Pcell/Pbg

under/over expansion

• Power broadening:

Very efficient transition scheme 

• Misalignment of laser

Possible reasons:

A.I.

415.2 nm

396.7 nm

Er

Spectral resolution          200 MHz

M ~ 6.6
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Conclusion

Summary

• In gas-jet laser spectroscopy performed 

• Characterization of the gas cell, gas jet

• RFQ Buncher – PILGRIM optimization in progress

Ongoing Technical developments:

• New CW cavity for continuous wavelength scanning 

• New Frequency mixing cavity development for extended wavelength 

range

• Fast gas cell development: ANR FRIENDS3 (IJCLab) (W. Dong)

Installation at S3

• Installation of S3-LEB @ S3 beginning 2024!

• Online commissioning with Er in 2025

• Test of Day 1 experiment elements of interest (Sn, In, Ag, Zr, U…)
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Supersonic gas jet
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• Mach number: 𝑀 =
𝑣𝑗𝑒𝑡

𝑣𝑠𝑜𝑢𝑛𝑑@𝑗𝑒𝑡

• Super/hypersonic jet = cold jet  low Doppler broadening

R
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m
)

Color code: Doppler FWHM (MHz)

M = 8.1 de Laval nozzle



21

Nuclear information
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I, µ, Q

Ion/photon number

l

Wavenumber

e–

I

J

F

<r2>

• Exploits the hyperfine interaction to extract 

nuclear observables
Hyperfine parameters

Isotope shift

• coupling of nuclear spin and electronic angular 

momentum results

(me/mp)υ0
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Erbium commissoning
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IS measurement
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Atomic transition is not very sensitive to changes in δ <r2>

M and F factor – atomic factor 
describing mass and field shift
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Doppler FWHM
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63Cu

V. N. Fedosseev et al., Phys. Scr. 85, 058104 (2012)



25

Pressure FWHM
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In-gas laser ionization and spectroscopy of 210-213Ac and 213,215Th

Spokesperson: R.Ferrer

Measure ground state properties using 

isotope shifts and hyperfine structure
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Mass measurements and laser spectroscopy around 100Sn

In-jet resonance ionisation spectroscopy to measure the

hyperfine structure splittings and isotope shifts in atomic transitions for the Sn isotopes 

A = 101-105.

Measurement of ground-state properties to study the evolution of 

nuclear structure properties approaching the N=Z=50 shell closures.
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Mass measurements and laser spectroscopy of n-deficient isotopes 

in the A ~ 80 region of deformation 

Spokesperson: P. Ascher (masses) and S. 

Grévy (laser spectroscopy) 

-extend measurements to the more neutron deficient isotopes 

of Zr towards the doubly closed shell 80Zr and to the 

neighboring nuclei

36Ar-50Cr
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Search for octupole deformation in 225-228U

Spokesperson: M. Vandebrouck

Information limited to 233-238 U

208Pb(22Ne, xn)230-x U
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LOI
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LOI
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