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resonant laser ionization & higher selectivity developments

repeller electrode

element selective laser 
ionization in cold environment

RFQ ion guide for radial 
confinement of laser ions

heat shield
(water cooled)500 MeV p+

potential barrier to suppress ions from target (shifting of 
target and repeller voltages)

Raeder et al. “An ion guide laser ion source for isobar-suppressed rare 
isotope beams” Rev.Sci.Instrum. 85(3) 033309 (2014)  DOI 10.1063/1.4868496
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ion current 

multi-step resonant excitation to overcome the valence electron binding
ene



all solid state –TRI LIS       laser resonance ionization laser ion source
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TRILIS provides 75% of ISAC RIB’s
     about 20 beam periods of 14 different elements /y

     >2000 h of operation
     increasing complexity to achieve 
higher, purity, intensity, & versatility

 future ARIEL LISe and LISp laser ion sources to be run in parallel   



TRIUMF TiSa RILIS (T RILIS)       laser system MK5 (2017)

 laser system specifications:

 10kHz rep. rate, Q-switched
    linewidth: < 5GHz  (as low as 600 MHz)
         wavelength: 690-990 nm
              power: 2/5W IR @ 10/20W, 10kHz pump 

MK4 TiSa lasers (on-line) switch to 5ea MK5 (2016/17)

6ea/laser table (2016/17) & update MK5.1J. Lassen | TRIUMF  Accelerator Division “laser applications group” 

 laser developments:
 TiSa lasers MK7 (ALIS)

 pump lasers (soon) as commercial ns systems disappear

laser excitation schemes
laser spectroscopy of AI states

HFS & IS of heavy isotopes 



Fig. from:  W. Geithner, Mainz U.

collinear spectroscopy  -> highest selectivity (Doppler-free)
 -> highest sensitivity (velocity bunching)

insensitive to isobaric contamination
 independent of t1/2          

sensitive detection 
upgrades i.p.

RILIS laser ion source pulsed beam 
-> gated detection               
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nuclear spin polarized beams & collinear laser spectroscopy



optical pumping: example 8Li  -> orients nuclear spins 
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hyperfine structure… …with magnetic sub-states

§ electro-optic modulator (EOM) puts 381 MHz sidebands on laser frequency, 
-> both ground state hyperfine levels are pumped
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from  dissertation Kraemer (U Mainz 2010) 

TRIUMF polarized beams & collinear fast beam spectroscopy

(not shown: collinear RIS)

polarizer operation:
 3 different elements with about 1200h /y

 development goals: new spin polarized species
 requires collinear laser spectroscopy
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nuclear moments & shapes from atomic hyperfine-structure
i.e. laser spectroscopy  

x 105



collinear fast beam laser spectroscopy @ TRIUMF 
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R. Li “Ac spectroscopy results 2023”
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reconfigurable – multi-user beamline section
 for custom detection setups

& quick re-configuration to polarized beams operation

  new CFBS beamline section & laser upgrades financed through      
  NSERC experiment grants (R. Li, J. Lassen)

 old collinear laser spectroscopy equipment & lab now RadMol (S. Ettenauer)  

uv – optical detection region for At
                     (MSc. Katarina Preocanin) 

vacuum separated charge exchange cell
                          & versatile user-section for detection setups

polarizer / collinear fast beam laser spectroscopy beamline



899 ring dye laser

cw TiSa ring laser 

diagnostics /
locking

solid state laser (MatisseCS) 
 and 2nd ring dye laser

for polarizer
& CFBS

2nd frequency doubler (wavetrain)

899 ring dye laser

laser applications group – facility cw-laser inventory
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laser beamlow energy
radioactive ion beam

OSAKA

multi-element polarized beams     & future end stations

about 1000 h/a  beam delivery
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future pol beams

future pol beams
   (POLARIS)

future pol beams (GRIFFIN)

development axes:
 complement laser systems to allow for “user cfbs” 

 develop new polarized species for bNMR, life- and nuclear sciences
investigate nuclear moments & shapes

 develop a universal polarizer

 deliver polarized beams of highest quality & availability
 from ISAC & ARIEL



RILIS, polarized beams & collinear fast beam laser spectroscopy

sensitivity vs resolution frontier
 with current techniques 



 part of accelerator division RIB delivery infrastructure
  primary mission beam delivery & related R&D

more elements ✔
   increased intensity & beam purity ✔                         

  higher uptime (laser & techniques R&D)   ✔
     scientific interest in 

 laser spectroscopy (atomic data) ✔
 laser development ✔

 
 resource requirements:

 machine shop access
design office support

controls 
J. Lassen| Accelerator Division - RIB dev. – laser applications
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questions ? 
    comments ?

TRIUMF RILIS, polarizer & colliner fast beam laser spectroscopy


