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RILIS in 2018
• 14 elements:
• In,	Sc,	Mg,	Cu,	Dy,	Bi,	Sn,	Be,	Mn,	Mg,	Sb,	Hg,	Tl,	Ac,	Al.
• 21 separate	on-line	runs	(not	including	target-ion-source	development	
time).
• 3 elements	for	new	neutron-converter	tests	over	2	days:
• Ga,	In,	Zn.
• 60	%	of	ISOLDE	shifts	in	2018, >2000	h	operation.



Highlights - Selectivity

• Isomer-selective ionization	of	
neutron-rich	In	isotopes	for	IDS.
• First	hyperfine-structure	 scan	with	
ISOLDE	Decay	Station!
• Used	for	future	 in-source	
experiments.

• Suppression	of	surface-ionized	
22Na	for	22Mg experiment	using	
LIST.
• 21Na suppression:	 106	– No	22Na seen	
by	users!
• 22Mg loss	factor:	27.

R. Heinke, 
S. Rothe

T. Day Goodacre



Highlights - Doppler-free 2-photon spectroscopy 
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(ω1+ωD)+(ω1-ωD)=2ω1

• Measurement of 5s-5d transition in 87Rb.
• Published in EMIS proceedings by K. Chrysalidis.

• Optimization of mirror geometry during LS2.

ISOLDE 2018, no surface ion suppression
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K. Chrysalidis

• Linewidths	from	‘standard’	lasers	>800	MHz.
• Future	spectroscopy	applications	 require	high-
resolution	laser	 systems	(<100	MHz).
• Doppler-free	2-photon	spectroscopy.
• Perpendicular	 illumination	 in	LIST.

• Aim:	Develop	high-resolution	systems	for	future	
spectroscopy	applications.

• Result:	Injection-seeded	Ti:Sa laser.
• Cavity	design	‘printed	onto	breadboard’	(design	
by	D.	Studer).

• Economical*	 - *if	you	live	close	to	collinear	 laser	labs.

• Second	system	built	and	installed	in	CRIS	lab.

• Used	for	first two-photon	in-source	
measurements	at	ISOLDE.
• Optimization	of	intra-ion-source	mirror	
during	LS2.

K. Chrysalidis



Highlights - VADLIS advancement
• VSim simulations	to	optimize	
extraction	of	laser	ions	during	
RILIS-mode	operation.
• New	design	with	variable	
extraction	voltage.
• Improvement	in	laser-ion	
extraction	demonstrated	off-
line	with	Ga.
• On-line	demonstration	with	
Mg,	Mo,	Hg.
• >	factor	2	improvement.

Y. Martinez Palenzuela



Highlights - GANDALPH collaboration 
• Electron	photo-detachment	
experimental	campaigns	with	
GANDALPH	in	2016	and	2018.

• Laser	light	from	RILIS	sent	
through	GANDALPH	at	GLM	
beam	line.

• Photo-detachment	of	I	and	At	
achieved!



In-source Spectroscopy 
• Continuation	of	the	in-
source	spectroscopy	
program	in	the	lead	region.
• In-source	spectroscopy	
continues	to	provide	
measurements	at	the	
sensitivity	frontier.
• 2016:	Bismuth.
• 2017:	Bismuth.
• 2018:	Bismuth,	Dysprosium	
(Z=66).

• New	example	of	shape	
staggering	in	Bi.
• Occurs	at	same	neutron	
number	as	in	Hg.
• 187Bi:	0.02	ions/s.



In-source Spectroscopy - Dysprosium 

• Continuation of IS608 for Bi (Z=83).

• First in-source measurements of Dy
(Z=66).

• First on-line use of narrowband 
intracavity-doubled grating Ti:Sa.

• Motivation: to measure changes in 
mean-square charge radii below 
N=82.

• Combination of Faraday cup/tape 
station scans.

• Published in EMIS proceedings by 
K. Chrysalidis.

A. Barzakh
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A B S T R A C T

A number of radiogenically produced dysprosium isotopes have been studied by in-source laser spectroscopy at

ISOLDE using the Resonance Ionization Laser Ion Source (RILIS). Isotope shifts were measured relative to
152
Dy

in the f s4 610 2 I5 8 (gs) f s p4 6 610 (8, 1)o8 (418.8 nmvac) resonance transition. The electronic factor, F, and mass shift

factor, M, were extracted and used for determining the changes in mean-squared charge radii for
145m

Dy and

147m
Dy for the first time.

1. Introduction

The Resonance Ionization Laser Ion Source (RILIS) is the most se-

lective of all ion sources available at the ISOLDE radioactive beam fa-

cility [1]. The selectivity is an intrinsic property of the ionization me-

chanism, based on stepwise resonance excitation and ionization via

element-specific atomic levels. The isotope production takes place in-

side a thick target, on which protons, provided by CERN’s Proton

Synchrotron Booster (PSB), impinge with an energy of 1.4 GeV. The

reaction products are released from the target material and effuse via a

transfer line into a resistively heated tubular cavity, where the atom-

laser interaction takes place. The resulting ions are then extracted, ac-

celerated up to 60 keV and mass separated by a dipole magnet ac-

cording to their mass-to-charge ratio.

During so-called ‘in-source laser spectroscopy’, the RILIS lasers are

used a to probe a specific spectroscopic transition of the ionization

scheme of different isotopes of one element. By determining the isotope

shift (IS) of a chosen transition, changes in the nuclear mean-squared

charge radii can be deduced. For states with nonzero nuclear spin I

which exhibit a sufficiently large hyperfine structure (HFS), the nuclear

moments (spin, magnetic dipole and electric quadrupole moments) can

be extracted. Additionally, if the HFS of different isomers can be re-

solved (due to different spins and magnetic moments), isomer-selective

ionization is possible. The spectral resolution of in-source measure-

ments is limited by Doppler-broadening of the spectral lines inside the

ion source (which is typically heated to 2100 °C). There have been

several experimental campaigns, in which this in-source spectroscopy

has been successfully applied (e.g. [2]) or where isomer separation was

provided for higher selectivity during nuclear spectroscopy experiments

(e.g. [3]).

Here, we report on the first in-source spectroscopy study of dys-

prosium radioisotopes, demonstrating the suitability of this method for

a future extended study of IS in the dysprosium isotopic chain.

2. Experimental setup

The experiment was performed using beam provided by target #655

(target with tantalum rolls from mixed 25 and 6 μm foils at 1950 °C

with a tungsten surface ion source at 1985 °C). No stable supply of

dysprosium was available initially, so that the optimization was per-

formed on radiogenically produced
159
Dy. During the experiment, a

proton current of 0.2 µA was used on target, providing a continuous

supply of dysprosium.

The transition chosen for the spectroscopy leads from the

f s[Xe]4 610 2 I5 8 ground state to the f s p4 6 610 (8, 1)o8 excited state at

23877.74 cm
−1

( 418.8 nm) [4] (note: wavelengths given for vacuum).
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Recent publications

•Many	more	papers	in	the	
pipeline!



ISOLDE RILIS setup - detailedRILIS	Laser	Setup	(reality)	 ISCOOL	

GPS	

GLM	
PISA	

HRS	

CRIS	

ISCOOL

S. Rothe et al. Nuclear Instruments and Methods in Physics Research B 376 (2016) 91–96



Goals for Post-LS2 RILIS 

Reliability and availability 

• Laser hardware consolidation  

• Dual HRS and GPS use 

Performance  

• Spectral resolution  

• Spectral range 

• Selectivity 

Scope for new developments and ongoing collaboration 

• Offline R&D facilities  

• RILIS @ MEDICIS 



Aims for after LS2
Fully operational RILIS @ OFFLINE 2
Fully operational RILIS @ MEDICIS
New dye lasers @ RILIS
Spare Blaze equivalent laser @ RILIS
Dual beam observation system (GPS and HRS) @ RILIS

CERN-supported RILIS control/DAQ
LIST operational at HRS and GPS

Fourier limited linewidth Dye and Ti:Sapphire systems @ RILIS 

Modified VADLIS as standard
High-resistance (Sigradur) RILIS cavity

RAMAN laser at RILIS?

Offline demonstration of ToFLIS
LIST with PI option ?
Feasibility study of laser-induced molecular breakup

ISBM activities
RILIS activities
MEDICIS



New Dye Lasers

Compact and more ergonomic alternative to Sirah Credo laser  
Quieter operation and easier to manipulate dye circulators 

Move one Sirah laser to Offline 2 ?

Investigate the addition of 2 LIOPTEC dye lasers at RILIS 



Simultaneous HRS and GPS RILIS
• Upgraded laser beam observation 

system and stabilisation system 

• Re-arrange optical layout with 
compact telescope systems and 
additional optics/optomechanics 

Consolidate RILIS controls and monitoring systems

• 50% of EN/SMM PJAS working on 
this task jointly with development of 
control system for the off-line mass 
separator.    

Reduced setup time, 
faster switching 
between elements 
and mass separators 

Improve long-term 
maintenance and 
expandability of RILIS DAQ 
and controls, and make 
use of CERN specialist 
support



Raman Laser development

Bridging the spectral gap between 480-550nm with diamond
K. Chrysalidis, V.N. Fedosseev, B.A. Marsh, R.P. Mildren, 

D.J. Spence, K. Wendt, S.G. Wilkins and E. Granados

Motivation 4ω Ti:Sa

210-230 nm

RILIS spectral range

210 nm 950 nm532 nm

Ti:Sa

700-950 nm
Dye

550-700 nm

2ω Ti:Sa

350-475 nm

2ω Dye
300-350 nm

3ω Ti:Sa

230-270 nm

UV pumped Dye

475-550 nm

Stimulated Raman Scattering
The spontaneous Raman effect was first discovered in 1928[2]. Light with frequency ω0 is scattered inside a medium to ωS and ωA
(Stokes and anti-Stokes frequencies). For Stokes generation, the material gets excited by ω0 and an energy ωV gets transferred to 

the material so that: ωs= ω0-ωV
If the material is already in the excited state ωV , Anti-Stokes scattering occurs. It is weaker by a factor exp(-hωV/kBT), where kB is 

the Boltzmann constant.

Stimulated Raman Scattering (SRS) was first discovered in 1962[3]: ω0 and ωS are both present in the material at the same time. 

The photons with ω0 and ωs produce a beat frequency ωV, driving the vibration of the material. This coherently amplifies the 

Stokes wave.

Many materials have been studied so far. Gases, liquids and solids can be used. The biggest known Raman shift comes from 

diamond and is 1332.5cm-1. Diamond also shows high gain and high damage thresholds.
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Diamond 1332.5 15-20 50 >> 10 >1800 200-2400

KGW [100] 768 4.4 11.8 10 2.6 350-3500

KGW [110] 901 3.5 11.8 10 3.8 350-3500

Ba(NO3)2 1047 11 47 0.4 1.2 350-1800

Silicon 440 100 480(@1064nm) 149 300-3000
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Experiment
Requirements:

1. Easy to set up

2. Stable over long periods of time

3. `good‘ efficiency (>50%) for generating sufficient power

4. Continuously tunable 

5. Linewidth of pump laser should be matched

Æ 1.-3.: diamond is known to fulfill those properties[4,5]

Æ 4.: choose widely tunable pump

Æ 5.: only little information about linewidth characteristics in 

diamond[6,7]. Will it become wider, narrower, same as pump?

Aim:

Characterize the cavity: efficiencies, linewidth,...

Set up:

Pump: Intra-cavity frequency-doubled Ti:Sa laser at 

450nm Æ generate 1st Stokes at 479nm

Raman cavity: 

• 3-mirror cavity, Radius of Curvature 

M1=500mm (dichroic T=60%@450nm, R=99%@479nm), 

M2=24mm, M3=150mm

• Diamond of ~8mm length, 2mmx2mm surface, uncoated

• Cavity optimization using (free) reZonator software

Æ Determine linewidth using  LM-007 (CLUSTER LTD Moscow) and 

HighFinesse/Ångstrom WS/6

M1

M2

M3

λ/2
lens

HR

HR

Results

Outlook
Experimental results show linewidth is conserved.

Next steps: 

• Reduce losses by using better suited dichroic mirrors

• Build a cavity which is simpler & can be used as 

`add-on‘ for standard Ti:Sa lasers 
• Intra-cavity Raman conversion & doubling inside Ti:Sa cavity

Literature
1. Fedosseev, V.N. et al., J. Phys. G Nucl. Part. Phys. 44, 084006 (2017)

2. Raman, C. V. & Krishnan, K. S., Nature 121, 501–502 (1928)

3. J. Woodbury and W. K. Ng, Proc. Inst. Radio Eng. 50, 2367 (1962)

4. Mildren, R.P. & Sabella,  Opt. Lett. 34, 2811 (2009)

5. Mildren, R.P., et al., Opt. Photonics News 25, 42 (2014)

6. Spence, D.J., Prog. Quantum Electron. 51, 1–45 (2017)

7. Spence, D.J. , IEEE J. Sel. Top. Quantum Electron. 21, 134–141 (2015)

Contact
katerina.chrysalidis@cern.ch

• The Resonance Ionization Laser Ion 

Source (RILIS)[1] is capable of 

efficiently ionizing most of the 
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for access to high number of atomic 

transitions

• For stable operation, lasers used must 

provide stable power and wavelength 
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• UV pumped dye is too unstable for 

24/7 operation. 
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Requirements:

1. Easy to set up

2. Stable over long periods of time

3. `good‘ efficiency (>50%) for generating sufficient power

4. Continuously tunable 

5. Linewidth of pump laser should be matched

Æ 1.-3.: diamond is known to fulfill those properties[4,5]

Æ 4.: choose widely tunable pump

Æ 5.: only little information about linewidth characteristics in 

diamond[6,7]. Will it become wider, narrower, same as pump?

Aim:

Characterize the cavity: efficiencies, linewidth,...

Set up:

Pump: Intra-cavity frequency-doubled Ti:Sa laser at 

450nm Æ generate 1st Stokes at 479nm

Raman cavity: 

• 3-mirror cavity, Radius of Curvature 

M1=500mm (dichroic T=60%@450nm, R=99%@479nm), 

M2=24mm, M3=150mm

• Diamond of ~8mm length, 2mmx2mm surface, uncoated

• Cavity optimization using (free) reZonator software

Æ Determine linewidth using  LM-007 (CLUSTER LTD Moscow) and 

HighFinesse/Ångstrom WS/6

M1

M2

M3

λ/2
lens

HR

HR

Results

Outlook
Experimental results show linewidth is conserved.

Next steps: 

• Reduce losses by using better suited dichroic mirrors

• Build a cavity which is simpler & can be used as 

`add-on‘ for standard Ti:Sa lasers 
• Intra-cavity Raman conversion & doubling inside Ti:Sa cavity
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Bridging the spectral gap between 480-550nm with diamond
K. Chrysalidis, V.N. Fedosseev, B.A. Marsh, R.P. Mildren, 

D.J. Spence, K. Wendt, S.G. Wilkins and E. Granados
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Stimulated Raman Scattering
The spontaneous Raman effect was first discovered in 1928[2]. Light with frequency ω0 is scattered inside a medium to ωS and ωA
(Stokes and anti-Stokes frequencies). For Stokes generation, the material gets excited by ω0 and an energy ωV gets transferred to 

the material so that: ωs= ω0-ωV
If the material is already in the excited state ωV , Anti-Stokes scattering occurs. It is weaker by a factor exp(-hωV/kBT), where kB is 

the Boltzmann constant.

Stimulated Raman Scattering (SRS) was first discovered in 1962[3]: ω0 and ωS are both present in the material at the same time. 

The photons with ω0 and ωs produce a beat frequency ωV, driving the vibration of the material. This coherently amplifies the 

Stokes wave.

Many materials have been studied so far. Gases, liquids and solids can be used. The biggest known Raman shift comes from 

diamond and is 1332.5cm-1. Diamond also shows high gain and high damage thresholds.
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4. Continuously tunable 

5. Linewidth of pump laser should be matched

Æ 1.-3.: diamond is known to fulfill those properties[4,5]

Æ 4.: choose widely tunable pump

Æ 5.: only little information about linewidth characteristics in 

diamond[6,7]. Will it become wider, narrower, same as pump?

Aim:

Characterize the cavity: efficiencies, linewidth,...

Set up:

Pump: Intra-cavity frequency-doubled Ti:Sa laser at 

450nm Æ generate 1st Stokes at 479nm

Raman cavity: 

• 3-mirror cavity, Radius of Curvature 

M1=500mm (dichroic T=60%@450nm, R=99%@479nm), 

M2=24mm, M3=150mm

• Diamond of ~8mm length, 2mmx2mm surface, uncoated

• Cavity optimization using (free) reZonator software

Æ Determine linewidth using  LM-007 (CLUSTER LTD Moscow) and 
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Experimental results show linewidth is conserved.

Next steps: 

• Reduce losses by using better suited dichroic mirrors

• Build a cavity which is simpler & can be used as 

`add-on‘ for standard Ti:Sa lasers 
• Intra-cavity Raman conversion & doubling inside Ti:Sa cavity
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•Tunable, broadband output achieved from a compact cavity.
•Results submitted to Optics Letters by K. Chrysalidis.
•Funding from Knowledge Transfer obtained for ongoing R&D
•1 PhD student, 1 technical student.
•Starting June 2019.



Pulsed Dye Amplifier

•Temporal profile of pump laser critical for 
single-frequency output.
•Spectroscopy on stable silver shows 
frequency sidebands when using Edgewave 
as pump.
•System requires development (including 
identification of suitable pump laser).

C. A. Granados Buitrago

Time

Si
gn
al

Frequency

•Linewidths of ‘standard’ RILIS lasers > 800 MHz.
•Future spectroscopy applications require high-resolution laser systems (<100 MHz).
•Doppler-free 2-photon spectroscopy.
•Perpendicular illumination in LIST.

Solution:  
Develop the Fourier-Limited linewidth lasers

Injection-seeded Ti:Sapphire ring laser 

Pulsed Dye Amplifier 

EW

Blaze

Ag HFS



~picosecond laser for molecular breakup
0-200 kHz (600 fs), 100W @ 515 nm

FX series INNOSLAB laser

75 x peak power increase w.r.t 

our 100 W IS-series laser 

> 20 laser-molecule interactions 

per molecule (in hot cavity)

Test planned for Winter 2018/19

OR FEMTO-1030, FEMTO-515, FEATURES

Applications:

• micromachining
• engraving
• glass processing
• SEMI
• electronics
• display
• PV
• OLED
• security
• pump-probe experiments
• thin film structuring
• microscopy
• R & D

FEMTO-1030-25-Yb-2500
FEMTO-515-15-Yb-2500

FEMTO-1030, FEMTO-515, FEATURES

Applications:

• micromachining
• engraving
• glass processing
• SEMI
• electronics
• display
• PV
• OLED
• security
• pump-probe experiments
• thin film structuring
• microscopy
• R & D

FEMTO-1030-25-Yb-2500
FEMTO-515-15-Yb-2500

FEMTO-1030, FEMTO-515, FEATURES

The new FEMTO-1030 and FEMTO-515 is a fiber based ultra-short
pulse (USP) laser with output powers of up to 25W, designed for
demanding 24/7 industrial applications that require excellent
stability and reliability.

Pulse duration is software adjustable and ranges from 500fs to 4ps.

Laser head, power supply and control electronics are integrated in a 
rugged All-In-One-Block of strengthened aluminum with the dimensions
725 x 415 x 229 mm³. The new beam source is designed for easy system
integration and lowest cost of ownership. A 48 VDC operating voltage and the field proven
software interface facilitate quick and easy installation.

Repetition rate can be set from single shot to 2500kHz. The integrated pulse picker/modulator
allows for fast pulse and fast power control. The new FEMTO is available with 1030nm
Wavelength or optionally wit an integrated SHG stage with 515nm output.

FEMTO-1030-25-Yb-2500
FEMTO-515-15-Yb-2500

8 MW @ 515 nm @ 1MHz



MELISSA (MEDICIS Laser Ion Source)
• Laser-ion-source	lab	at	MEDICIS	is	
now	operational.
• Current	installation:
• 1x Z-cavity	Ti:Sa.
• 1x InnoLas Nanio 532-18-Y.

• Achieved	laser-ionized	terbium	in
April	using	single-laser	scheme.

• To	be	installed	soon:
• 2x Grating	Ti:Sa.
• 1x pump	laser.

• First	radioisotope	collections	in	
coming	months.

V. Gadelshin, K. Dockx



RILIS @ OFFLINE 2
• New	offline	separator	dedicated	for	
research	and	development.
• Home	for	RILIS	developments	during	
CERN’s	Long	Shutdown	2	and	beyond.

• Completed:
• Laser	interlock	design	and	
installation.
• Laser	tables	installed.
• Optical	table	layout	designed.
• Air-conditioning	 and	water-cooling	
circuit	installation.

• To	be	completed:
• Install	spare	laser	hardware.
• PX1,	IC-doubled	Z-cavity	for	Sm	
ionization.



The LARIS Lab
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Colour code:

532 nm (0 - 300 mJ, 10 Hz)
UV -> Blue (270 -> 450 nm,  0 - 350mJ, 10 Hz)
DUV -> Blue (210 -> 270 nm,  0 - 10mJ, 10 Hz)
Red -> IR (> 690 nm,  0 - 50mJ, 10 Hz)
VIS (540 - 690 nm,  0 - 50mJ, 10 Hz)

Recently the Lab has been used for laser 
development and GANDALPH construction 

But  - The lab is not equipped for this 

Decision to re-purpose the lab for multiple activities : 

GANDALPH upgrades

Ion source test bench with pump stand

Laser development and maintenance

Training 



The LARIS Lab
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RILIS team in 2020

+ New MELISSA Post-Doc - Reinhard Heinke 
+ Singular Light KT funded PhD student (Mid 2019 onwards). 
+ LISA PhD student in 2020

Valentin Fedosseev
Section Leader 
EN-STI-LP

Katerina Chrysalidis

CERN Fellow  
from Jan 2020

Bruce Marsh
Staff Member 
EN-STI-LP

Shane Wilkins
CERN Fellow 
So far granted a 6 month  
extension till April 2020

Doctoral student 
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Supervision and individual training plans 
Each researcher will be assigned to a beneficiary as well as a scientific supervisor with whom she/he will carry out 
the career development meeting in the first few weeks of employment. The jointly prepared Individual Career 
Development Plan (ICDP) will contain a breakdown of the research project, the courses the researcher needs to 
take, and a long-term planning of activities. The ICDPs will be submitted for revision in the event of changes from 
the initially proposed baseline and the progress will be reviewed every six months. More information on the 
ICDP and the monitoring process can be found in section 3.2. Finally, each researcher will be assigned a contact 
person from the HR Department at the recruiting network participant. 
The Supervisory Committee (SC) will reiterate the following supervision expectations to the beneficiaries and 
partner organisations during the kick-off meeting:  Individual trainee contacts on a daily to weekly basis 
with the supervising scientists are to be the norm. In addition, the co-supervisors are fully committed to be available 
on a continuous basis by email and phone, as well as more detailed iterations during the respective secondment 
periods. Furthermore, a representative of the Training Office (TO) will join the Supervisory Board (SB) meetings at 
all network-wide events to receive status reports and help to remedy any situation where insufficient ESR follow-up 
is provided. 
All the trainees of the network will be enrolled in a PhD program in the doctoral schools specified in Table 
1.2a. All organizations and supervisors have experience in joint PhD supervision with academic supervisors. To 
guarantee a global recognition of the experience trainees in the network, a respective credit system will be used for 
all courses based on the European standard of ECTS, and followed at the network management and training level. 
From a total of 180 ECTS required during the network training, a breakdown specific to each ESR will be established 
on their ICDP. A typical breakdown will be as follows: R&D project: 90-120 ECTS – secondment(s): 20-50 ECTS – 
courses, schools, network-wide trainings (up to 25 ECTS, see Table 1.2b), conferences & workshops, complementary 
skills at the host institution, online, or via exchange between institutions: 40 ECTS32. This will also foster a unified 
credit system for all ESRs, followed independently by the TO, and facilitates the integration of such a training 
program beyond this network. We plan to establish a LISA doctoral label that can be offered to other doctoral 
students sharing the research interests and training philosophy of the LISA network, to acknowledge the quality of 
their training. This doctoral label will last beyond the term of this project towards and puts this training philosophy 
into a longer term. 

Table 1.2a Recruitment Deliverables per Beneficiary  
ESR # Recruiting Participant  PhD awarding entity / Doctoral School Start Duration 

1 KUL KUL Arenberg Doctoral School M6 36M 
2 CERN JGU Institute of Physics M6 36M 
3 CERN JGU Institute of Physics M6 36M 
4 JYU JYU Doctoral School of the Faculty of Mathematics & Science M6 36M 
5 JGU JGU Institute of Physics M6 36M 
6 UGOT UGOT Department of Physics M6 36M 
7 KUL KUL Arenberg Doctoral School M6 36M 
8 GANIL Université de Caen PSIME Doctoral School M6 36M 
9 MSL UNIMAN School of Physics & Astronomy M6 36M 

10 GSI JGU Department of Chemistry M6 36M 
11 JGU JGU Department of Chemistry M6 36M 
12 LUH IRS LUH IRS Faculty of Mathematics & Physics M6 36M 
13 FSU FSU & Helmholtz-Institute Graduate School M6 36M 
14 RUG RUG Graduate School of Science & Engineering M6 36M 
15 HUB JGU Institute of Physics M6 36M 

TOTAL 540M 

Table 1.2b Main Network-Wide Training Events, Conferences and Contribution of Beneficiaries 

 
Main Training Events & Conferences 

Participation is compulsory for all ESRs 
Some events are also open to external participants E
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1 
Training kick-off meeting: the ESRs are introduced to all the topics of the network (lectures by WP Leaders), to their 
rights and duties by HR specialist Cécile Granier (CERN), and team building activities are used to generate a sense 
of community (workshop activities by Erwin Mosselmans), 4 days, organised partially at CERN and off-site. 

2 CERN M8 

2 
General Training 1: Safety, Ethics, and Society. Advanced aspects of laser safety and radiation protection are brought 
forward through lectures and hands-on activities by experts from IREPA Lasers, amongst others. Ethics at work and 
ethics in research are developed through lectures and workshop panels. Relevance of the research topics for medical 
and societal applications are discussed by invited lectures from Dr Ulli Köster (ILL, France) and Dr Kieran Flanagan 

3 IREPA M12 

                                                
32 The doctoral schools across the network might have different philosophies in terms of ECTS. The TO will ensure that each ESR can fully benefit from the 
credit structure of the program in accordance with the requirements of their own doctoral school. 

Laser Ionization and Spectroscopy of Actinides
“LISA aims to train the next generation of atomic, nuclear and laser scientists by conducting research to increase 

our understanding of the atomic and nuclear properties of the chemical elements known as the actinides”
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Traditionally, European scientists, specifically the LISA academic partners, have been at the forefront of 
developing the aforementioned methodologies, exploiting and integrating activities within past and present 
EU framework programs, for example the RESIST (RESonance Ionization techniques for SeparaTors) research 
activity, within ENSAR2, Horizon2020, and the LA3NET and IGLIS international networks. The LISA  consortium 
aims to build upon this existing expertise, intensify the collaborative efforts, and focus our attention on the actinide 
elements and beyond. Figure 1.2 shows the extent of the existing knowledge and what could be achieved by combining 
our efforts through this consortium.  

 

 
Led by several of the most accomplished researchers in this field, LISA will become an international, inter-sectorial, 
and interdisciplinary training network hosting 15 early stage researchers (ESR) at some of the best universities, 
research facilities and most innovative companies in Europe. Our collaboration partners outside of Europe will 
participate in training and host ESR secondments, giving the project a global presence. By developing and applying 
novel methods and instrumentation to overcome the various technical challenges for actinide research, LISA will 
continue the recent momentum in this field and address the breadth of missing knowledge of these elements. 
We propose a cohesive and largely symbiotic, multi-pronged approach to meet our research objectives by 
achieving an unprecedented level of sensitivity, resolution and selectivity in our study of the actinide elements. 
This will be supported by improvements to our theoretical and computational approaches for the understanding and 
extraction of their atomic and nuclear structure. Our research objectives are presented in Table B. 
Table B – LISA research objectives 

Research methodology and approach 

LISA will be structured into 7 work packages (WP) as shown in Figure 1.3 and Table 1.1. Whilst these are 
separated according to specific types of technical or research challenges, training, communication and management, 
they are highly interlinked, overlapping significantly in terms of their applicability to each of the research and 
training objectives of LISA, as shown in Figure 1.3. 
The technical WPs (2-5) will be further divided into a total of 15 ESR projects as detailed in section 3.1. 
Table 1.1: Work Package (WP) List  
WP # WP Title Lead Beneficiary Start End Activity type ESR  

1 Management 1 – CERN M1 M48 management - 
2 Novel techniques and technologies for actinide research 1 – CERN M4 M48 research 2, 3, 8, 9, 15 
3 Medical & societal benefits 2 – KUL M4 M48 research 1, 12 
4 Enhanced understanding of the actinide atomic structure 4 – JGU M4 M48 research 5, 6, 13, 14 
5 Exploring the limits of nuclear existence 3 – JYU M4 M48 research 4, 7, 10, 11 

LISA Research Objectives (RO) 

RO1: Develop laser-based actinide ion beam production and 
purification techniques (ion source technology, laser technology, 
atomic spectroscopy, laser excitation schemes). 
RO2: Develop laser technology for optimal spectral resolution, 
range and ease of use.  
RO3: Measurement of ionization potentials and electron 
affinities. 
RO4: Prediction, study and validation of atomic energy level 
structures. 
RO5: Extraction of nuclear properties from laser spectroscopy 
studies (with input from atomic theorists). 
RO6: Making use of the R&D progress to the benefit of society 
through the direct use of the actinide isotopes themselves 
(theranostic applications), or the application of techniques for 
their detection (environmental monitoring). 
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111Species	studied	by	 laser	spectroscopy

Stable	

Reach	of	IGLIS	based	on	experimental	cross	sections
Reach	of	IGLIS	based	on	estimated	cross	sections Figure 1.2: The portion of the nuclear chart of 

interest to this proposal.7 Each line of boxes 
corresponds to an element (Z) starting from Ac 
(Z=89). Each square has a different number of 
neutrons (N) resulting in a different isotope. The 
existing measurements (in red) are very limited 
while those reachable within the LISA network (in 
blue & green) would greatly extend the knowledge 
in this region. 

WP1:	Management	//	WP7:	Outreach,	diss.,	comm.

WP2:	Novel	techniques	&	technologies

RO1: Laser-based actinide 
ion beam production and 

purification

RO2: Laser technology for 
optimal spectral resolution, 

range and ease of use

WP6:	training

WP4:	Atomic	structure

RO3: Ionization potentials 
and electron affinities

RO4: Predicting, studying 
and validating atomic energy 

level structures

WP5:	Nuclear	structure

RO5: Nuclear properties 
from laser spectroscopy 

studies

WP3:	Societal	benefits	

RO6: Transfer the 
knowledge and technology 

to benefit society           

Figure 1.3: Links between the LISA research objectives and the project 
structure in work packages. 

From November 2019 - 
November 2020 
15 fully-funded 36 month 
PhD positions, across 12 
different locations
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ESR1  KUL  Y  M6  36  D3.2  

Project title: Optimized production of 225Ac by the ISOL method for medical applications (WP3: Medical & societal applications)  

Objectives: Study and optimize the extraction of 225Ac using the ISOL technique, by either its direct production or the production of precursors, towards a 
sustainable, large-scale production of this isotope for medical applications.  

Expected results: Quantifying the properties for the production of actinium and radium ion beams by the ISOL technique; optimizing the target and ion source 
geometries to maximize the production and extraction of actinium; provide regular samples out of the CERN MEDICIS facility to seed medical research programs; 
devise a route towards the sustainable use of the ISOL technique for the production of medical-grade samples of 225Ac.  

Planned secondment(s): TRIUMF (Jens Lassen) – M17-18 – production of laser-ionised actinium at ISAC; LIOP (Jürgen Lindener-Roenneke) – M25-26 – laser 
laboratory automation for stability and reliability with high-quality optical supports; CERN MEDICIS (Thierry Stora) – M32-37 – implementation of the research 
outcomes at the CERN MEDICIS facility & production of 225Ac samples.  

Enrolment in Doctoral degree: KUL Arenberg Doctoral School under the supervision of Prof Thomas E. Cocolios  

ESR2  CERN  Y  Start: 
M6  

Duration: 
36  D2.2  

Project title: Development of high-resolution in-source hot-cavity RILIS methods for actinides. (WP2: Novel techniques and technologies for actinide research)  

Objectives: Combining the unparalleled sensitivity of in-source resonance ionization spectroscopy with the resolution required to resolve sub 1 GHz hyperfine 
structures and isotope shifts in atomic transitions of actinides. For this goal, the work towards the implementation of the PI-LIST device (perpendicular-illuminated 
Laser Ion Source Trap) shall be performed at ISOLDE. This will include the design and setup of infrastructure required for the on-line PI-LIST operation followed 
by characterization of its performance and high-resolution laser spectroscopy studies using the PI-LIST. Optimal ionization schemes for actinium (together with 
ESR1) and protactinium shall be established in the frame of this project.  

The eventual application of PI-LIST for actinide elements at ISOLDE will rely on the successful extraction of actinium and protactinium isotopes from an ISOLDE 
target (ESR3). The two fellows will closely collaborate to ensure the complementarity of these development projects.  

Development of optimal ionization schemes of actinides for ISOLDE will be performed via laser spectroscopy of actinide elements in close collaboration with JGU 
(ESR5). Such links are already established and will be further enhanced in the course of the proposed ITN.   

Expected results: Implementation of the PI-LIST at ISOLDE on-line isotope separation facility [D2.2]; demonstration of sub-Doppler resolution and enhanced 
isomer selectivity using the PI-LIST; selection of the optimal laser ionization schemes for actinium and protactinium; new experimental results on IS and HFS of 
atomic transitions in actinides (WP4&5).  

Planned secondment(s): JGU (Klaus Wendt) – M9-10 – training and study of PI-LIST at RISIKO mass separator; TRIUMF (Jens Lassen) – M15-16 – training 
and study of LIST operation at the ISAC facility; JGU (Klaus Wendt) - M21-22 – laser ionization studies of actinides.    

Enrolment in Doctoral degree: JGU Institute of Physics under the supervision of Prof Klaus Wendt  

ESR3  CERN  Y  Start: 
M6  

Duration: 
36  D2.4  

Project title: Target developments for extraction of actinides from thick ISOL targets followed by laser-induced molecular break-up and/or ionization. (WP2: 
Novel techniques and technologies for actinide research)  

Objectives: Study and optimize the reaction conditions required to create volatile molecular species of refractory elements in general and actinides in particular. 
Develop a dissociation scheme for the provision of atomic species suitable for efficient laser ionization or in-source laser spectroscopy.  

Expected results: Extraction of radiogenic actinide elements from an ISOL target and delivered in atomic form to the users. Determine the production yield and 
purity of the beams and report the new beam availability to the community.  

Planned secondment(s): JGU (Christoph E. Düllmann) – M8-10 – working on the sample preparation to be used for the actinide molecular release studies; 
TRIUMF (Thomas Day Goodacre, Peter Kunz) – M15-17 – Extraction of actinides from thick targets at the ISAC facility.  Participation in activities around 
radioactive ion beam development involving actinide beams and molecular beam extraction. Gaining experience in radioactive detection techniques used to assess 
the quantity and quality of the produced isotopes.  

Enrolment in Doctoral degree: JGU in the Department of Chemistry under the supervision of Prof Christoph E. Düllmann  

ESR4  JYU  Y  Start: 
M6  

Duration: 
36  D5.2, D5.3, D5.6  

Project title: High-resolution laser spectroscopy of actinide elements for nuclear structure (WP5: Exploring the limits of nuclear existence)  

Objectives: Perform high-resolution laser spectroscopy on radioisotopes within the actinide region of the nuclear landscape, including Th, U and heavier elements; 
refine the optical techniques in use at both Isotope Separator On-Line as well as fragmentation facilities in order to improve the selectivity and sensitivity of laser 
spectroscopy for bulk (ng and below) samples of long-lived radioisotopes as well as short-lived exotic isotopes produced via fusion-evaporation reactions.  

Expected results: Through the study of the atomic structure, extraction of fundamental nuclear ground-state properties including nuclear spins, electromagnetic 
moments and changes in mean-square charge radii; comparison of the results to state-of-the-art nuclear structure theories; use of the new data to probe octupole 


