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ISOLDE – Isotope Separator On-Line DEvice
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ISOLDE – Isotope Separator On-Line DEvice
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ISOLDE – Isotope Separator On-Line DEvice
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ISOLDE – Isotope Separator On-Line DEvice
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ISOLDE Ion Sources

Surface Ionization Ion Source

Plasma Ionization Ion Source

Resonance Ionization Laser Ion Source
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ISOLDE Ion Sources

Surface Ionization Ion Source –  

for elements low ionization potentials 
(of about 6 eV)

(Alkali, some Alkali-Earth and Rare-
Earth elements)

Ionization efficiency:
 up to 30% for alkali
1% and less for the others 



ENGINEERING
DEPARTMENT
ENGINEERING
DEPARTMENT

ISOLDE Ion Sources
Plasma Ionization Ion Source

VADIS – Versatile Arc 
Discharge Ion Source
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RILIS – Resonance Ionization Laser Ion Source

Ionizing step:
- Autoionizing state 
- Ionization to the continuum at 
532 nm

22/37 RILIS schemes - 532nm final 
step 
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RILIS – Resonance Ionization Laser Ion Source
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At

= Isotopic selectivityRILIS + mass separating magnets 
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Laser set-up of RILIS
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RILIS in 2016

• 130 days of RILIS operation (mostly 24-hr on-call operation)

                                            3120 h

• 22 separate RILIS runs
• 14 different elements: Be, Cr, Cu, Mg, Ni, Dy, Mn, In, Bi, Sn, 

Ra, Cd, Al, Zn 

In 2016 RILIS ionized atoms were used for:

>75% of ISOLDE physics
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OFF-LINE:
• Ion-source development
• Investigations of ionization schemes for “new” elements

ON-LINE:
• Search for ionization schemes for some elements
• RILIS just as an ion source for ISOLDE experiments
• RILIS as a significant part of ISOLDE experiments
• Laser in-source spectroscopy – ISOLDE experiments 

initiated by RILIS team.

Experiments with RILIS at ISOLDE
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Ion-source development
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Ion-source development
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Ion-source development
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Ionization scheme development (off-line)
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Ionization scheme development (off-line)
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Ionization scheme development (off-line)
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Ionization scheme development (off-line)

Ionization efficiency measurement
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Ionization scheme development (on-line)

At
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Ionization scheme development (on-line)

At

IP=9.31751(8) eV
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Ionization scheme development (on-line)

At
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Ionization scheme development (on-line)

Request for RILIS enhanced Ra Ion beams at ISOLDE  
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Ionization scheme development (on-line)
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Ionization scheme development (on-line)

Timing scan, final (615) step Vs second (784) step

Strange effects observed at 615 nm transition

558 nm Vs 784 nm 
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Ionization scheme development (on-line)

615 nm

558 nm
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Ionization scheme development (on-line)

First RILIS ionization scheme with optical pumping!

558 nm 615 nm

714 nm 718 nm

Saturated transitions

Applied twice on-line in 2016
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ISOLDE physics with RILIS

• RILIS as an ion source for ion beam production

• RILIS as a significant part of experiments

• Laser in-source spectroscopy – experiments initiated by 
RILIS team
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RILIS for ion beam production

• Until now – the main mode of RILIS operation

• In 2016: COLLAPS, CRIS, IDS, REX-Miniball, ISOLTRAP, 
Solid-state Physics, Medicine…
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RILIS is a significant part of 
experiment

Smaller, but quickly growing part of ISOLDE experiments

RILIS team is regarded as an experiment participant
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Experiment needs ion beams of Mg, Ne and Na
Initial plan: plasma ion source to be used
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Too high contamination for Mg in plasma source



ENGINEERING
DEPARTMENT
ENGINEERING
DEPARTMENT

Too high contamination for Mg in plasma source
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Requirements: isotope selective ionization, reduce 
cavity ion load 

7Be target production for n-TOF
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Problems: 

1. Huge ion current of impurities (mainly Li)

2. GPS resolution is not sufficient to separate 7Be 
and 10Be 

7Be target production for n-TOF

Solutions:

1. RILIS selective ionization of Be atoms – to 
reduce cavity ion load

2. Reduction of first step linewidth 16 GHz to 9 GHz 
leads to isotope selectivity increased from factor 
3 to 10

7Be to be extracted from irradiated target material 
delivered from PSI
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Isomer selective ionization of In
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Isomer selective ionization of In
Isomer I=9/2

Laser wavelength

In
di

um
 γ

-r
at

e 129In

Iπ = 9/2+ Iπ = 9/2+

Iπ = 1/2-

RILIS is the only option when low production rate or/and close half-lives
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Optical pumping in COLLAPS 
Mn
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Optical pumping in COLLAPS 
Mn

Schematic for the entry of optical pumping (OP) lasers from 
the RILIS laser lab into the cooler/buncher (ISCOOL), where 
they interact with trapped ions in the bunching region 
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Optical pumping in COLLAPS 
Mn

Example of hfs spectrum for 59Mn with the optical 
pumping (OP) laser on and off

Without the use of optical pumping, no resonant 
counts were seen !
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Laser in-source spectroscopy – 
experiments initiated by RILIS 

team
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Study of nuclear ground state/isomer properties (spins, 
charge radii, electromagnetic moments)

Beta-delayed fission study

Laser spectroscopy with RILIS, detection FC, Windmill and 
ISOLTRAP 

In-source laser spectroscopy
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In-source laser spectroscopy
PoAu Hg



In-source laser spectroscopy
Hg



In-source laser spectroscopy
Hg

J. Bonn, et al., Phys. Lett. B 38, 

308 (1972)

G. Ulm et al., Zeit.Phys. A 

325, 247 (1986)



In-source laser spectroscopy
Hg

In-source spectroscopy 
sensitivity record ~0.01 ions/s (191Po)

Next steps require a higher sensitivity method



Hg

Sensitivity ~0.1 ions/s (177Hg)

Resolution of the method
is of about  2-3 GHz

Successful 
Isotope shift and 
Hyperfine structure 
measurements   

2015



In-source laser spectroscopy
Hg

PRELIMINARY



In-source laser spectroscopy

Bi 2016



In-source laser spectroscopy

Bi -Second step linewidth>60 GHz
-Active timing stabilization of the scanning laser
-Active power stabilization of the scanning laser
-Wavelength monitoring

Extension of the charge radii 
measurements from 187Bi-218Bi

Isomer selectivity for BDF

2016



Bi 2016

PRELIMINARY



In-source laser spectroscopy

Bi

PRELIMINARY
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In-source laser spectroscopy

20062016

PRELIMINARY
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RILIS Team 

Valentin Fedosseev (CERN)
Bruce Marsh (CERN)
Christof Seiffert (CERN)
Katerina Chrysalidis (student of Gutenberg 
Universität, Mainz)
Tom Day Goodacre (PhD student Univ. of 
Manchester)
Sebastien Rothe (CERN)
Julia Sundberg (Gothenburg University, 
Gothenburg, Sweden)

Local team: Visiting scientists: 

Anatoly Barzakh (PNPI)
Dmitry Fedorov (PNPI)
Pavel Molkanov (PNPI)
Maxim Seliverstov (PNPI)
Vladimir Panteleev (PNPI)



RILIS Team 

Some support from Russia: Visiting scientists: 
Anatoly Barzakh (PNPI)
Dmitry Fedorov (PNPI)
Pavel Molkanov (PNPI)
Maxim Seliverstov (PNPI)
Vladimir Panteleev (PNPI)

Support from PNPI:
Travel expenses, insurance: of about 300 000 RUR 



RILIS Team 



Refractory elements
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