
Overview of COLLAPS activities during 
Run 3 (2021-2025)
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25 collaborators from 7 institutes

Expenses in Run3: 2M EUR

Publications (2021-2025): 10 publications -

data from Run2
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Outline

COLLAPS timeline in Run 3

Physics results on 53,54Ca

Technical developments: the ROC and LIAF setup

COLLAPS after LS3



09/21
187-208Pb

08/21
53,54Ca

(first attempt) 04/22
112-136Te

08/22

TISD 53,54Ca

08/23
155-175Tm

10/23
53Ca

< 10 ions/s

05/23
183-207Tl

09/24
152-155Tm

07/24
54Ca

< 1 ions/s
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Timeline in Run3

Liss Vazquez Rodriguez – INTC February 2026

09/21

We start a full 
design and 

construction of 
ROC

05/25
151,152Tm

11/25

LoI 19F

12/23

We start the 
construction of 

LIAF

08/25

LIAF moves to 
the hall

07/25

First CLS with 
LIAF

Physics campaigns and beam-time results (ISOLDE)

Developments (ROC / LIAF @ COLLAPS)

08/23

ROC moves to 
the hall

Nuclear properties measured for 100 isotopes!10 experiments (2 per year), 6 elements
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Isotope (A+2)

Isotope A

Isotope (A)

Isotope A+2

Point nucleus +   Finite size

Differences in mean square charge radii

𝛿𝜈𝑖
𝐴,𝐴′ = 𝐾𝑖

𝑚𝐴′ −𝑚𝐴

𝑚𝐴 𝑚𝐴′
+ 𝐹𝑖 𝛿 𝑟2 𝐴,𝐴′

Differences in isomeric mean 
square charge radii

𝛿𝜈𝑖
𝐴𝑔,𝐴𝑖𝑠𝑜𝑚

= 𝐹𝑖 𝛿 𝑟2 𝐴𝑔,𝐴𝑖𝑠𝑜𝑚

Isotope shift (MHz

Shell closure

Ca+ electronic configuration 
1s22s2 2p6 3s2 3p6 4s

photon
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Collinear laser spectroscopy at COLLAPS
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Isotope (A+2)

Isotope A

Isotope (A)

Isotope A+2

F=5/2

F=3/2

F=1/2

Point nucleus +   Finite size +         Magnetic +    Electric
dipole quadrupole

+ higher order multipoles

(too small to consider here)

Differences in mean square charge radii

𝛿𝜈𝑖
𝐴,𝐴′ = 𝐾𝑖

𝑚𝐴′ −𝑚𝐴

𝑚𝐴 𝑚𝐴′
+ 𝐹𝑖 𝛿 𝑟2 𝐴,𝐴′

Spin

Electromagnetic moments

Differences in isomeric mean 
square charge radii

𝛿𝜈𝑖
𝐴𝑔,𝐴𝑖𝑠𝑜𝑚

= 𝐹𝑖 𝛿 𝑟2 𝐴𝑔,𝐴𝑖𝑠𝑜𝑚

+

43Ca

Ca+ electronic configuration 
1s22s2 2p6 3s2 3p6 4s

photon
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Collinear laser spectroscopy at COLLAPS
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COLLAPS: Laser spectroscopy in a collinear configuration

Collinear laser spectroscopy at COLLAPS
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COLLAPS: Laser spectroscopy in a collinear configuration

p

Target (2000C)

Mass 
separator

Ion trap

PMTsBender
COLLAPS laser

CEC

8

Collinear laser spectroscopy at COLLAPS

• Production rates, 100-105 ions/s

• High-precision, natural linewidth

• Short lifetimes, down to 10 ms

Ion beam (>30 kV) to 
eliminate Doppler 

broadening

Liss Vazquez Rodriguez – INTC February 2026

• Ionic and atomic transitions used

• Insensitive to isobaric contamination
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Collinear laser spectroscopy at COLLAPS

• Production rates, 100-105 ions/s

• High-precision, natural linewidth

• Short lifetimes, down to 10 ms

Ion beam (>30 kV) to 
eliminate Doppler 

broadening

• Ionic and atomic transitions used

• Insensitive to isobaric contamination
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In Run 3: 6 experiments in standard configuration



53Ca
T1/2: 461 ms

6 ions/s

54Ca
T1/2: 107 ms

1 ion/s

End of COLLAPS New ROC instrumentation

N =20 N =28 N =32
New magic number?magic number magic number

T. E. Lellinger, L. V. Rodriguez, P. Mueller et al, In preparation, Nature.

34Ca 35Ca 36Ca 37Ca 38Ca 39Ca 40Ca 41Ca 42Ca 43Ca 44Ca 45Ca 46Ca 47Ca 48Ca 49Ca 50Ca 51Ca 52Ca 53Ca 54Ca 55Ca 56Ca 57Ca

10

Laser spectroscopy of 53,54Ca at COLLAPS: the ROC setup

The emergence of a shell closure at N = 32: an unresolved puzzle

Are very exotic nuclei still magic?

World-leading CLS sensitivity achieved!

Liss Vazquez Rodriguez – INTC February 2026



The emergence of a shell closure at N = 32: an unresolved puzzle

Nature, 498, 346-349 (2013)

Two-neutron separation energy S2n of the neutron-rich calcium 
isotopes as a function of neutron number N

Ca (Z=20)
N=28

N=32

Kink observed at 32 neutrons in Ca!

vs

Are very exotic nuclei still magic?

Nature Physics, 17, 428-429 (2021)

34Ca 35Ca 36Ca 37Ca 38Ca 39Ca 40Ca 41Ca 42Ca 43Ca 44Ca 45Ca 46Ca 47Ca 48Ca 49Ca 50Ca 51Ca 52Ca 53Ca 54Ca 55Ca 56Ca 57Ca

33K 34K 35K 36K 37K 38K 39K 40K 41K 42K 43K 44K 45K 46K 47K 48K 49K 50K 51K 52K 53K 54K 55K 56K
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ISOLTRAP
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NO sign of a kink observed at 32 neutrons in K!

Nuclear charge radius of K

CRIS

Laser spectroscopy of 53,54Ca at COLLAPS: the ROC setup
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Target (2000C)
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Gas target

Particle detectorElectrostatic bender
Charge exchange cell

677 nm

Ionization with gas

Mass 
separator

Excitation laser

Ion beam (>30 kV) to 
eliminate Doppler 

broadening

How to extend our measurements to the unexplored regions? E.g. the light mass region? 
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Main limitations of current techniques: 
Need of ion traps

Inefficient photon detection (COLLAPS)
Spectroscopy on free ions (mostly)

Progress toward charge radius measurements of 17F: the LIAF setup
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LIAF at COLLAPS

ECRIS ion source

CLS setup

Gas target
Particle detector

Laser system
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Progress toward charge radius measurements of 17F: the LIAF setup
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First spectrum taken with LIAF
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19F
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… and towards the p-halo nucleus 17F

Short (3 shifts) radioactive beamtime in November 2025

Unexpectedly large stable contamination – Need to install decay station

Substantial molecular component was identified – AlF3

Progress toward charge radius measurements of 17F: the LIAF setup
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Progress toward charge radius measurements in oxygen: the LIAF setup

…towards first CLS on oxygen at ISOLDE

CO+ molecular fragmentation using the LIAF gas target
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…towards first CLS on oxygen at ISOLDE

CLS data from broken up CO+

CO+ molecular fragmentation using the LIAF gas target

Progress toward charge radius measurements in oxygen: the LIAF setup

CLS data from pure O

16O 16O

preliminary



Novel approach for CLS: 

Signal to background ratio will be improved by a factor of 8000!

Kinematic reconstruction for precise Doppler corrections

Molecular break-up device

CW ionization

Reaction microscope

p

Target (2000C)

Mass 
separator

Ion beam (>30 kV) to 
eliminate Doppler 

broadening

Excitation laser

COLLAPS after LS3 -- The CLARIS project
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Thank you very much for your attention!
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