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Overview 
1. In-Gas-Cell Laser Ionization  
   LISOL laser ion source 
  Laser system 
  Radioactive Ion Beams (RIB) for nuclear spectroscopy 
 
2. In-Gas-Cell Laser Spectroscopy 
 Dual-chamber laser ion source 
 Spectroscopy of 57-59Cu, 97-101Ag,  
 
3. In-Gas-Jet Laser Spectroscopy 
 What spectral resolution can be achieved? 
 Off-line high resolution laser spectroscopy in a free jet. Experiment 
  
4. New developments 
 HELIOS project 
 S3 & GANIL 
 
5. Conclusions 
  

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Q – conductance of the exit orifice, d=0.5 mm, Ar, 35 cm3/s 
V –  irradiated volume, 1 cm3 

Laser pulse repetition rate – Q/V= 35 Hz (saturation, no recombination) 

Gas purity ! 

- Refractory elements 
- Isotopes with a short lifetime 
- Pre separation, after in-flight mass separator 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

IGLIS - In Gas Laser Ionization and Spectroscopy 

RILIS - Resonance Ionization Laser Ion Source 

Laser pulse repetition rate - 10 kHz 

+ 
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CYCLONE 110 

Louvain-la-Neuve Radioactive Beam Facility 

LASER ION 
SOURCE 

LISOL 
Leuven Isotope Separator On-Line 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

Detection 

http://iks32.fys.kuleuven.be/wiki/brix/index.php�


  

 

Dye Laser 2 

 

  

 
Dye Laser 1 

 
 SHG 
  

 

 Synchron. 
     Unit 
  

 
  

 

  Telescope 

 

Telescope 
  

 

  Laser Ion Source of the 
LISOL mass separator 

 

Reference 
Cell 

 

Energy meters 

 

15 m 

 

 λ1 
 

  λ2 
 

   TOF       SEM   

 

Laser System (since 1994) 

Excimer laser 1 
LPX240, 200Hz, 

15ns, 100 mJ 

Excimer laser 2 
LPX240, 200Hz, 

15ns, 100 mJ 

Tunable range 
 205 - 900 nm 

Energy (eV) 

0 

4 

Autoionizing state 
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Laser System 

Yu.Kudryavtsev, 
SMI06, March 27-28, 
2006 

XeCl Excimer 
lasers 

Dye lasers 

SHG 

Reference cell 

Towards LIS, 15m 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Tunable range 

 205 - 900 nm 

80% of all elements can in principle be ionized by the LISOL laser system 

Two-step laser ionization schemes 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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LISOL Laser Ion Source 

Laser 
beams 

Target (~ mg/cm2) 

Cyclotron 
beam 

Exit hole 

Ar/He 
from gas 
purifier 

Filament 

Plasma created in the cell does 
not allow to collect not 
neutralized ions and causes 
partial recombination of laser-
produced ions 

Energy (eV) 

0 

4 

Ion source selectivity - Laser ON/OFF: 
30-80 for proton-induced fission reactions 
100-200 for fusion evaporation reactions 

Towards mass 
separator 

SPIG 
–210V 

Gas cell for fusion- 
evaporation reactions 

Ar 500mbar 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

57Co, - Eff. 6% 

on 

on on off 

off 

Cyclotron 

Laser 

Separator 

Pulsed operation mode 
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Front end of the LISOL mass separator 

Cyclotron beam 

Gas Cell 
SPIG 

Extraction 
electrode 

Gas from purifier 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Light Ion-induced fusion  
evaporation reactions: 
    Co,Ni,Mn,Cr,V,Cu  

Heavy Ion-induced fusion  
evaporation reactions: 
     Rh,Ru,Sn,In,Ag 

Heavy Ion-induced fusion 
evaporation reactions: 

Ac  

Proton-induced fission of 238U: 
            Fe,Co,Ni,Cu  

Proton-induced fission of 238U: 
Spontaneous fission of 252Cf: 
              Rh,Ru,Mo,Pd 

LISOL Radioactive Ion Beams (since 1992) 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Laser beams 
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Dual-Chamber Gas Cell Laser Ion Source  

Exit hole diameter – 0.5 mm/1mm 

Stopping chamber – 4 cm in diameter 

Laser ionization chamber – 1 cm in diameter 

Fusion evaporation reactions: 

Selectivity =                             > 2200  
Yield-LaserON
Yield-LaserOFF

+ 

λ2 λ1 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

Yu. Kudryavtsev et al., NIM B 267 (2009) 2908–2917   
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Dual Chamber Laser Ion Source 

Cyclotron 
beam 

Prism 

SPIG 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

http://iks32.fys.kuleuven.be/wiki/brix/index.php�


Laser selectivity in heavy-ion induced fusion evaporation reaction 

94Rh 94Rh 

94Rh 

Selectivity - 450 

Selectivity > 2200 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

40Ar + 58Ni → 98Pd* → Rh/Ru + xp yn 

Ionization 
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+ 

+ 

+ + 
+ 

+ 

+ 

40Ar beam 
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Ion 
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First Ionization Limit 
62317.4 cm-1 

CuI: ground state 

Autoionizing State  Cu+ +  e- 
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 In-Gas-Cell Laser Spectroscopy of 57,59Cu 

T. Cocolios et al., PRL 103, 102501 (2009);  
Phys. Rev. C 81, 014314 (2010) 

58Ni(p, 2n)57Cu (T1/2=199 ms) 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

1 2 3 4 

4 

3 
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 In-gas-cell laser spectroscopy of 57,59Cu: total statistics 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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T. E. Cocolios et al., PRL103 (2009) 102501 
T. E. Cocolios et al., PRC81 (2010) 014314 

56Ni 
6.0 d 

57Cu 
199 ms 

54Co 

55Ni 
209 ms 

55Co 
17 h 

57Ni 
36 h 

58Ni 

In source laser spectroscopy at ISOLDE down to 58,59Cu               N.J. Stone et al., PRC 77 (2008) 014315 

Magnetic moment of 57Cu isotopes using the β-NMR technique    K. Minamisono et al., PRL 96 (2006) 102501 

Collinear laser spectroscopy at ISOLDE on 58-62Cu                         P. Vingerhoets et al., PLB 703 (2011) 34 

Results 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Laser spectroscopy of 97-101Ag 
• Production  
92Mo(14N – 130 MeV,2pxn)104−xAg 
 
64,natZn(36Ar – 125 MeV,pxn)101−97Ag 
Laser ionization efficiency ~ 2% 
 
• In-gas cell laser spectroscopy 
520 mbar argon 
Total width: 9-10 GHz 
 
 
 
 
 
 
 
 
 
• Detection 
Beta- and gamma detection 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

R. Ferrer et al., to be published 
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First Ionization Limit 
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 In-Gas-Cell Laser Spectroscopy of 57,59Cu 

Doppler  broadening, T=300 K 
Pressure broad. (P = 140 mbar, Ar)  
Laser bandwidth – 1.6 GHz 

T. Cocolios et al.PRL 103, 102501 (2009);  
Phys. Rev. C 81, 014314 (2010) 

3.5 GHz 

58Ni(p, 2n)57Cu (T1/2=199 ms) 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Laser band width ~1.6 GHz, (excimer-pumped dye lasers, 
second harmonic) perpendicular to the atomic beam 

FWHM= ~ 2 GHz 

FWHM=6.5 GHz 
Ar 500 mbar 

Reference cell 

Gas cell 

Gas Jet 

  In-gas-jet laser spectroscopy Ni 

FWHM= ~ 2 GHz 

43089.2 43089.6 43090.0 

Wavenumber [cm-1] 

Doppler shift due to jet 
velocity: ~560 m/s 

 Red shift of 2.5 GHz: 
pressure dependence 

T. Sonoda et al., NIM B267 (2009) 2908 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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The parallel beam from de Laval nozzle ! 

No broadening due to the beam divergence 

Very careful design of the nozzle is required  

Resonance Laser Ionization in Supersonic Jets 
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NO laser ionization inside the cell ! 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

Yu. Kudryavtsev et al., NIM B 297 (2013) 7–22  
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Doppler and Collision Contributions to the Spectral Line Width 

                  - collision broadening   
    coefficient, 1.5·10-20 cm-1/cm-3  
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

http://iks32.fys.kuleuven.be/wiki/brix/index.php�


Doppler  Broadening in the Free Jet Supersonic Beam 

   4s2S1/2 – 4p2P1/2, 327.4 nm 63Cu transition, ν0= 30535.3 cm-1 
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Amplification of CW Single Mode Diode Laser 
Radiation in a Pulsed Dye Amplifier 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Resonance Ionization Spectroscopy in a Free Gas Jet (Experiment I) 

Yu. Kudryavtsev et al., NIM B 297 (2013) 7–22  

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

Resonance Ionization Spectroscopy in a Free Gas Jet (Experiment II) 
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In-gas-cell and in-gas-jet laser RIS setup 
for HELIOS and S3 projects 

IGLIS at S3 GANIL 
 S3 - Super Separator Spectrometer 
Collaboration GANIL, IPN, CSNSM  

grant has been granted for HELIOS project 
(Heavy Elements Laser IOnization and Spectroscopy)  

New laser laboratory will be set up at KU Leuven 
The tender of the laser equipment has been done   

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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IGLIS Laboratory at KU Leuven (plan) 

Gas jet setup 
High-voltage 
platform 

Dipole magnet 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 

Laser system 

Pumping 
system 
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Laser equipment for IGLIS experiments @ HELIOS &S3  

For high resolution spectroscopy in the gas jet first step 
will consist of 
 
• A continuous  wave  (CW) single mode tunable diode laser  
- Linewidth: 1 MHz -> 60 MHz (pulsed) 
- mode-hop-free tuning range: 20-30 GHz                                                  
• A dye amplifier with second harmonic  generator  

Diode Laser 

Dye Laser 

Pump Laser 

• Two high-repetition-high-power  Nd:YAG  pump Laser 
- Max. average power: 90 W (@ 532 nm) or 36 W (@ 355 nm) 
- Max. repetition rate: 15 kHz 
 

• Two high repetition rate dye lasers 
- Tunable wavelength  from 215 to 900 nm 
- Linewidth: 0.06 cm-1 (1.8 GHz) – 0.25 cm-1 (7.5 GHz)  

Two step laser ionization spectroscopy in the gas  cell 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Expected rates: e.g. 94Ag and heavy elements: 
S3 transmission: 50% (5 charge states) 
Laser ionization: 10 % 
58Ni(40Ca,p3n)94Ag: few 10 pps  amongst them the  21+ isomer 390 ms 
208Pb(48Ca,2n)254No:  about 1 pps 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Workshop 
“Gas-Cell-Based Laser Ionization 

Spectroscopy Developments” 

Leuven, May 30 – June 1, 2012 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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With pre-Separator 

Without pre-Separator 
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LBL 
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ANL 

LISOL LLN 

KISS RIKEN 

IGISOL-4 JYFL 

DUBNA 

Gas-cell based laser ionization and spectroscopy: worldwide 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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Summary 
 

1. Resonance laser ionization in a gas cell  can be used for efficient 
production of exotic isotopes to perform nuclear spectroscopy and 
in-source laser spectroscopy 
 

2.  The crossed laser beams with supersonic jet  has been proposed 
and realized off-line for two-step photo ionization in a free jet.  
 

3. Using this method, the spectral resolution can be improved by one 
order of magnitude (200 MHz, Δν/ν =2.3E-7) in comparison to the 
gas cell. 
 

4. The IGLIS technique that combines laser ionization in a gas cell and 
in a gas jet is adapted for production and spectroscopy of rare 
radioactive isotopes.  
 

Yu. Kudryavtsev, LA3NET, February 19-22, 2013 
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