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CRIS collaboration

Å4 core institutes have signed the MoU

Å40 members from 11 institutes

ÅKieran Flanagan, Spokesperson

ÅDr Jessica Warbinek, Resource Manager 

Å8-member steering committee
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Decay 
Spec. 

Station

Measuring theHFS :

ÅNuclearSpin I

ÅMagnetic dipolemoment‘

ÅElectric quadrupolemoment ὗί

ÅChanges of charge radii‏ἂἃὶς

3

Hyperfine Structure (HFS) :AI

IP

F1

F2

F3

F4

3

Non Res.

Rydberg

V High sensitivity: > few 10 ions/s V High resolution: > 20 MHz V High versatility

CRIS : Collinear Resonance Ionization 
Spectroscopy 



Run 3 Experimental campaign 2021-2025
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180-195Au 210-230RaF

227AcF

39-48Ar

26-34Al 54-62Cr

72-82Zn

112-123Ag

100-112In

111-122Sb

Å 304 shifts awarded in this period
Å New measurements on 45 isotopes and 12 elements 
Å Contributing to 18 PhDs
Å 9 PhD students have graduated with data collected in 

this period
Å 10 publications from Run 3 and 7 from Run 2
Å 3 PRL, 2 Nature, 1 Science, 3 Nature Phys.

200Po-

221Fr



IS# Isotopes Awarded 
Shifts

Remaining 
Shifts

Status PhD 
students

IS682-
ADD

81,82Zn 14 14 Not scheduled

IS772 100-112In 24 3 Run in 2025 2

IS759 39-48Ar 21 13 Run in 2025 3

IS758 226RaF 
anion

12 0 Run in 2024 1

IS737 180-195Au 19 13 Run in 2024 2

IS736 111-122Sb 19 0 Run in 2024 1

IS735 221Fr 14 3 Run in 2023/24

IS728 200Po 15 9 Run in 2025 1 

IS723 133-135In 16 16 Not Scheduled

IS714 55-62Cr 18 0 Run in 2023

IS706 227AcF 29 14 Run in 2022 1

IS700 26-34Al 16 Closed Run in 2021/22 1

IS682 72-82Zn 16 0 Run in 2023 1

IS663 210-230RaF 48 0 Run in 2021./23 4

IS660 112-123Ag 23 12.5 Run in 2021/22 3

Å 15 experiments, 304 shifts in Run3
Å >284 shifts scheduled
Å Contributing to 18 PhD students

Å Dr J. Reilly (Al)
Å Dr Y. Liu (Au)
Å Dr B. van den Borne(Ag)
Å Dr M. Athanasakis-Kaklamanakis(RaF,AcF)
Å Dr H. Perrett (RaF)
Å Dr M. Nichols (Po-)
Å Dr SM Udrescu(RaF)
Å Dr. M Urquiza-González (Ag)
Å Dr S. Kujanpää (Ag)

97.5
Delivered
206.5

53

44 Experiments 
Not scheduled

Partially scheduled
or not counted



Technical Developments LS2 and Run 3
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Upgrade program 2020-2025
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ÅBeamline upgrade
ÅMotivated to improve transport efficiency and reduce background
ÅDesigned over LS2, delivered in 2021 and constructed in 275 in 2022
ÅInstalled and commissioned in April 2023 



Background removal: field ionization 
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A. Vernon et al., Sci. Rep.10, 12306(2020).
C. Schulz et al., J. Phys. B 24, 4831, (1991).

Commissioning with stable Ar
Rydberg states

Reduction of interaction window
Å Minimizing collisional background

Field ionization via Rydberg states
Å High power laser obsolete
Å New atomic physics opportunities

High Power Laser

Upgraded unit used in IS735 (Fr) and IS759 experiments.
Demonstrated removal of two-photon ionization effects 
during IS759 (argon).
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On-axis APIPS 

collimator!

On-axis !

APIPS detector 

mount!

Off-axis !

PIPS detectors!
Carbon foils!

Rotatable steel wheel!

On-axis !

PIPS detector 

mount!

Beam axis!

Faraday cup!

Faraday cup 

electrical 

connection!

Rotatable!

BNC connection!

On-axis 

collimator and 

Faraday Cup!
Coupling to 

stepper motor!

Beam axis!

Õ

Õ

Ǔ

æ

9

CRIS Decay Station

DSS1.4 (Windmill)
ÅTen thin carbon foils, 90 nm each
Å4x PIPs detectors, 2x on-axis (Solid / 

Annular),  2x off-axis

DSS2.0 (Ladder)
ÅTwo carbon foils, 88 nm each 
Å2x PIPs detectors (Solid / Annular)
Å2-3 HPGe

DSS2.1 (Tape)
ÅAluminized mylar tape
ÅPlastic scintillators 
Å2-3 HPGe/ CeBr

MM Rajabali et al, NIMA 707 (2013) 35-39
KM Lynch et al, NIMA 844 (2017) 14-18 Á., Koszorús, et al.Nature Physics 17, 439-443 (2021).

Lynch K.M., et al.Phys. Rev. X 4, 011055 (2014).



CRIS Decay Spectroscopy Station (DSS)
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HPGedetectors

HPGeclover
LaBr detectors



Upgrades for negative ions @ CRIS
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OPO

GANDALPH type neutral atom detector 
installed and commissioned at CRIS



Upgrades for negative ions @ CRIS

12Kieran Flanagan- 81st INTC meeting, February 11 2026

OPO

Å Movable DLA created for laser operation at 
the end of the beamline

Å Final arrangement not completed
Å Safety paperwork done and approved

New bare fibre for TiSatransport: 
< 50% transmission



Recent highlights

Kieran Flanagan- 81st INTC meeting, February 11 2026 13



Recent highlights: chromium moments and radii
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Å2p-2h neutron intruder configuration 
ÅCalculations support an 

interpretation of a triaxial ground 
state
Å61Cr marks the transition point 

between 2p-2h and 4p-4h N=40 IoI

L. Lalanne et al., PRC 112, L031301 (2025)

Steep increase of the Cr charge radii 

between N=28 and N=34.

Preliminary SM calculations suggest 
increased quadrupole correlation 
ǎǘǊƻƴƎŜǊ ƳƛȄƛƴƎ ƻŦ ҟὰ= 2 protons f and p 
orbits.



Recent highlights: zinc moments and radii 81,82Zn
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ÅFirm assignment of 5/2+ for 81Zn, no shell inversion at Z = 30
ÅLarge kink is observed at N = 50, similar to Kr ,Rb and Sr
ÅTheoretical calculations from DFT, CC/IMSRG ongoing
ÅPapes in preparation



Recent highlights: gold moments and radii
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183Au

¸Firmly determine the spins of 181-183Au

¸Quadrupole moments of 7 states

¸Shape coexistence in 187mAu

¸3 physics cases were investigated



Radioactive molecular spectroscopy 

2023

ActMol Kieran Flanagan

RF Garcia-Ruiz et al Nature581, 396ς400 (2020)

2018

SM Udrescuet al, Physical Review Letters 127 (3), 033001 (2021)

SM Udrescu, et al. Nature Physics(2024)

17

SG Wilkins et al. Science390 (6771), 386-389 (2025)
M Athanasakis-Kaklamanakiset al. Nature648 (8094), 562-568 (2025)

227AcF

225RaF



Wider impact
ÅNew CRIS beamlines commissioned in USA (FRIB, 

MIT) and China (PKU) and future plans at GANIL

Å10 PDRA/Fellows at CRIS have moved into 
permanent faculty or laboratory posts.

ÅBSM Physics with radioactive molecular now 
underway at Harvard, Caltech, MIT, FRIB, Leuven, 
John Hopkins, Manchester, CERN.

ÅRaX Collaboration, Neptune, FUNSY, DRD5, ActMol
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Gaffney et al, (2013) Nature497 p. 199

Opportunities for Fundamental Physics Research with 
Radioactive Molecules, Rep. Prog. Phys. (2024) 



Technical Developments during LS3
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Challenges: low yields and large contamination
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Background contributions from

ÅCollisional ionization

ÅLaser related background, especially from 

high power non-resonant step

CRIS technique selective, previously handled more than 3 
orders of magnitude higher contamination, but case specific.
Molecular contamination can be challenging.
Yields have varied by more than an order of magnitude 
between runs. 

112

Thanks to ISOLTRAP for beam composition test



Injection into CRIS
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ÅInjection into CRIS needs replacing and 
upgrading.
ÅIncludes new ion cooler and trap to reset 

the beam and ion optics. 
ÅImprove transport efficiency and beam. 
ÅBuilds on previous successful upgrade of 

CRIS in Run3. 



Technical Developments during LS3
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October ó24

Å Installation of an MR-TOF unit after CRIS to 
enable mass gating. 

Å Removal of collisional and molecular 
backgrounds

Å Unit has been commissioned at KU-Leuven and 
combined with fluorescence detection to 
further develop method.



Activity during LS3 
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Concrete structure/ laser transport:

ÅLaser enclosure replacement (2027-2028)

ÅPlatform above CRIS and COLLAPS (2027)

ÅInjection and end station changes (2026-2028)

Figure by Liss / Tim

ÅPDRA support from the collaboration
ÅEngineering support from Manchester and 

Leuven
ÅOpportunity for CERN (applied) fellow to join 

effort.



Upgrade program

ÅDesign studies have been running in the background.

ÅPlatform and cabin work will require temporary 
movement of the CRIS beam line and lasers.

ÅConstruction and commissioning of new components 
during LS3 in preparation for Run4

ÅNeed an off-line space at CERN to assemble new 
beamline sections.
ÅTemporary off-line location during LS3,

ÅActivity within the ISOLDE hall will delay the upgrade program.

ÅMotivates the need for a local CRIS team in 2026/2027.
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