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Outline 

ISOLDE RILIS 

 

Examples since 2014 

 

 -Linewidth optimization 

 

 -Experiment/isotope specific scheme development 

 

 -Application to “low IP” elements  

 
Outlook/future developments   
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Outline 

ISOLDE RILIS 
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ISOLDE RILIS 

 
 

Combination of Dye and Ti:Sa 
lasers  
 

Full coverage 210-950nm 
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Combination of Dye and Ti:Sa 
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Full coverage 210-950nm 

Described in detail 
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Lumera (Coherent) Blaze laser 

 
 

BLAZE product overview

B. Marsh et al., CERN-ATS-Note-2013-007 TECH 

Nd:YVO4  

40W  

TEM00  

532 nm 

>60% of RILIS schemes 
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Outline 

ISOLDE RILIS 

 

Linewidth optimization 
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Linewidth optimization 

Maximum efficiency:  

Complete spectral coverage of Doppler broadened 

lines/HFS 

 

Ease of operation: insensitivity to isotope shifts 

 

Isomer/isotope selectivity and in-source spectroscopy: 

Linewidth optimized to ~match/narrower than the Doppler 

broadened of resonance   
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Linewidth optimization: maximum efficiency 

Doppler broadening 

in the “hot cavity” 

environment 
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Linewidth optimization: bismuth 

Bi 
Requirement: full coverage of the HFS of the first excited 
state 
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Linewidth optimization: bismuth 

Bi 
Achieved by reducing the illumination of the grating in the 
laser producing the light for the second step transition 
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Linewidth optimization: bismuth 

Bi 

~30GHz 

Achieved by reducing the illumination of the grating in the 
laser producing the light for the second step transition 
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Linewidth optimization 

Maximum efficiency:  

Complete spectral coverage of Doppler broadened 
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Linewidth optimization: ease of operation 
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Linewidth optimization: ease of operation 

 K. Blaum, et al. Phys.Scripta T152 (2013) 014017 
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 K. Blaum, et al. Phys.Scripta T152 (2013) 014017 

Linewidth optimization: ease of operation 
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Linewidth optimization: ease of operation 

Saturation measurements are crucial when varying the linewidth!  
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Linewidth optimization 

Maximum efficiency:  

Complete spectral coverage of Doppler broadened 

lines/HFS 
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Linewidth optimization: maximum efficiency 

 K. Blaum, et al. Phys.Scripta T152 (2013) 014017 
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Linewidth optimization: maximum efficiency 

 K. Blaum, et al. Phys.Scripta T152 (2013) 014017 

Be 
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Linewidth optimization: beryllium  

Be 

 http://dx.doi.org/10.1080/10619127.2014.910431 

http://dx.doi.org/10.1080/10619127.2014.910431
http://dx.doi.org/10.1080/10619127.2014.910431
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Linewidth optimization: beryllium  

Be 

 http://dx.doi.org/10.1080/10619127.2014.910431 

http://dx.doi.org/10.1080/10619127.2014.910431
http://dx.doi.org/10.1080/10619127.2014.910431
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Linewidth optimization: indium 

In 
Isomer selectivity requested   

http://cds.cern.ch/record/2059398 

http://cds.cern.ch/record/2059398
http://cds.cern.ch/record/2059398
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Linewidth optimization: indium 

In 
Achieved using 3ω light from a “narrowband” (~800 MHz) 
Ti:Sa 

129In at IDS 

Iπ = 9/2+ 
Iπ = 9/2+ 

Iπ = 1/2- 

To be applied again soon 



                             Tom Day Goodacre                       LA3NET PARIS 2016                                               25 

Linewidth optimization: in-source spectroscopy 

At 
A ~800 MHz “Narrowband” Ti:Sa 
was again applied 
 

Extracting nuclear characteristics 
from the optical spectrum  
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Linewidth optimization: in-source spectroscopy 
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Linewidth optimization: in-source spectroscopy 

At Au Hg 
A ~800 MHz “Narrowband” Ti:Sa 
was again applied 
 

Extracting nuclear characteristics 
from the optical spectrum  



                             Tom Day Goodacre                       LA3NET PARIS 2016                                               28 

Linewidth optimization: in-source spectroscopy 

At 
A ~800 MHz “Narrowband” Ti:Sa 
was again applied 
 

Extracting nuclear characteristics 
from the optical spectrum  

Au Hg Bi 
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Outline 

ISOLDE RILIS 

 

Linewidth optimization 

 

Experiment/isotope specific scheme development 
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Specific scheme development: MR-ToF-MS 

http://dx.doi.org/10.1016/j.ijms.2013.03.020 

http://dx.doi.org/10.1016/j.ijms.2013.03.020
http://dx.doi.org/10.1016/j.ijms.2013.03.020


                             Tom Day Goodacre                       LA3NET PARIS 2016                                               31 

Specific scheme development: Dy(Tb) collections 

Time (µs) 

C
o

u
n

ts
 

Dy 
The MR-ToF-MS enables detailed beam composition 
measurements 

Courtesy of F. Wienholtz 
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Specific scheme development: Dy(Tb) collections 

Goal: ionize Dy as efficiently/selectively as possible 
Dy 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2 

 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
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Specific scheme development: Dy(Tb) collections 

Goal: ionize Dy as efficiently/selectively as possible 
Dy 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2 

 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
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Specific scheme development: Dy(Tb) collections 

Goal: ionize Dy as efficiently/selectively as possible, future 
cancer treatments  Dy 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2 

 

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
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Specific scheme development: Dy(Tb) collections 

Time (µs) 

C
o

u
n

ts
 

Dy 
The MR-ToF-MS enables detailed beam composition 
measurements 
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Specific scheme development: Dy(Tb) collections 

Dy 
Molecules 133Ce16O and 133Pr16O significantly enhanced 
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Specific scheme development: Dy(Tb) collections 

Dy 
Molecules 133Ce16O and 133Pr16O significantly enhanced 
 

Solution: a new scheme was developed, ionizing via an  
autoionizing state 
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Specific scheme development: 197Po 

Po 

https://iks32.fys.kuleuven.be/indico/event/31/material/1/4.pdf 
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Specific scheme development: 197Po 

Po 
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Specific scheme development: 197Po 

Po Solution: ionized via a Rydberg level, 4x less efficient but 
sufficiently less TaO to enable the measurement of 197Po 
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Outline 

ISOLDE RILIS 

 

Linewidth optimization 

 

Experiment/isotope specific scheme development 

 

Application to “low IP” elements  
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Low IP elements: radium 

Ra Request for RILIS enhanced Ra Ion beams at ISOLDE   
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Low IP elements: radium 

Ra 
Scheme development undertaken previously at TRIUMF 
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Low IP elements: radium 

Ra 
Three new AIS? 
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Low IP elements: radium 

Ra 
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Low IP elements: radium 

Ra 

615 nm 

Timing scan, final step Vs second step 
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Low IP elements: radium 

Ra 

615 nm 

558 nm 

Timing scan, final step Vs second step 
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Low IP elements: radium 

Ra 

558 nm 615 nm 

714 nm 718 nm 

Factor of three enhancement (Ta hot cavity, 2050oC) 
with both 558 nm and 615 nm, 615nm easier to 
saturate. Schemes used at RILIS and CRIS 
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Outline 

ISOLDE RILIS 

 

Linewidth optimization 

 

Experiment/isotope specific scheme development 

 

Application to “low IP” elements  

 
Outlook/future developments  
 

Upcoming talks! 
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Summary 

Customized/non-standard RILIS operation is 
increasingly frequent 
 
 
 
 
 
 
 
 
 

Bi Be In At Au Hg 

Dy Po Ra 
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Summary 

Customized/non-standard RILIS operation is 
increasingly frequent 
 
 
 
 
 
 
 
Niche solutions are not a bad thing, we just 
need a lot of them! 
 
 

Bi Be In At Au Hg 

Dy Po Ra 
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Linewidth optimization 
Required  

energy flux 

Saturation 

energy 

Transition   

linewidth 
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Degeneracy 

of states 
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linewidth 
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Linewidth optimization: lithium 

http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf 
 

Li 

http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
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Linewidth optimization: lithium 

Li 
Show what we thought the scheme was and what we actually saw 
 
Result, 60% enhancement, enabled >1000CPS for the duration of the 
experiment 
 
 

3 simultaneous schemes! 
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Linewidth optimization 

Why laser ionized 
 
Laser on-off measurements 
 
Element sometimes isotope/isomer selectivity  
 
PI-LIST slide, Bruce talk, extend to “refractory” 
beams. Talk of Christoph 
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Linewidth optimization: beryllium  

Be 
Goal: collect several 7Be samples >1GBq from a mixed sample containing 7Be, 
9Be, 10Be  
 

 http://dx.doi.org/10.1080/10619127.2014.910431 
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http://dx.doi.org/10.1016/S0168-583X(02)01952-3
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