N\
A\

—=
%)
>
T
o
Z
oc
Ll
V4
oc
-
L
L
|_
)
=
|_
(%)
=
V4
O
Z
<
—l
S
>
<
p

Overview of COLLAPS activities during
Run 3 (2021-2025)

Liss Vazquez-Rodriguez'?

IMax-Planck-Institut fiir Kernphysik, Heidelberg, Germany
2Experimental Physics Department, CERN, Geneva, Switzerland



COLLAPS collaboration

Management Group Core Group Young researchers
Klaus Blaum (Spokesperson) Gerda Neyens KK, JP, JS, EB, IL, RS,
Wilfried Nortershauser + Bradley Cheal * JH, SL, LR, PI, SR, +

Liss Vazquez Rodriguez Ronald Fernando Garcia Ruiz BM, FCPC, TF ...

Xiaofei Yang

Local Group
Liss Vazquez Rodriguez (Group leader)
Peter Plattner, CERN fellow
Tim Lellinger, MPIK Postdoc
Edward Matthews, Darmstadt-CERN PhD student
Ronaldo Mendez Hernandez, MPIK master student

Sofia Juniper Dutton, MPIK master student

25 collaborators from 7 institutes
Expenses in Run3: 2M EUR
Publications (2021-2025): 10 publications -

data from Run2
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COLLAPS collaboration

Management Group
Klaus Blaum (Spokesperson)
Wilfried Nortershauser

Liss Vazquez Rodriguez

Core Group

Gerda Neyens

Bradley Cheal

Ronald Fernando Garcia Ruiz

Xiaofei Yang

Local Group

Young researchers

Liss Vazquez Rodriguez (Group leader)

KK, JP, JS, EB, IL, RS,

+ Peter Plattner, CERN fellow

JH, SL, LR, PI, SR,

Tim Lellinger, MPIK Postdoc

BM, FCPC, TF ...

Edward Matthews, Darmstadt-CERN PhD student
Ronaldo Mendez Hernandez, MPIK master student

Sofia Juniper Dutton, MPIK master student

Technical developments: the ROC and LIAF setup

Outline
COLLAPS timeline in Run 3

Physics results on °3°4Ca

COLLAPS after LS3
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SN
>



Timeline in Run3

08/21 09/21 05/23  08/23 10/23 05/25 11/25
53,54Cq  187-208p| 183-207T| 155-175Tpm 23Ca 07/24 151,152Tm Lol 1°F
(first attempt) 04/22 08/22 < 10ions/s 54C34 09/24
112—136Te T|SD 53'54(:3 <1 ions/s 152-155Tm

Physics campaigns and beam-time results (ISOLDE)

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

Developments (ROC / LIAF @ COLLAPS)

09/21 08/23 12/23 07/25 08/25
We start a full ROC moves to | We start the First CLS with |LIAF moves to
design and the hall construction of LIAF the hall
construction of LIAF
ROC

A S
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Collinear laser spectroscopy at COLLAPS

Ca* electronic configuration /
152252 2p® 352 3pb4s

S

Isotope (A+2) /.

Isotope A

Differences in mean square charge radii
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Collinear laser spectroscopy at COLLAPS

Point nucleus + Finite size +

Ca* electronic configuration /
152252 2p® 352 3pb4s

S

~1sotope (A
Isotope (A+2) /.~ pe (A)

Isotope A KA

Magnetic
dipole

——————————
’

+ Electric
quadrupole
+ higher order multipoles
~ (too small to consider here)
\\\\ \\\\ 43ca
\\\A \\‘

Differences in mean square charge radii
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Differences in isomeric mean
square charge radii
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Spin

Electromagnetic moments
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Collinear laser spectroscopy at COLLAPS

Laser spectroscopy in a collinear configuration

COLLAPS
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Collinear laser spectroscopy at COLLAPS

COLLAPS: Laser spectroscopy in a collinear configuration

ﬁ= = e
lon trs

COLLAPS laser

Mass

separator

r P

eliminate Doppler
broadening

Bender

(>30 kV) to

C2LLAPS

PMTs

Production rates, 100-10° ions/s
High-precision, natural linewidth

Short lifetimes, down to 10 ms

lonic and atomic transitions used

Insensitive to isobaric contamination
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Collinear laser spectroscopy at COLLAPS

COLLAPS: Laser spectroscopy in a collinear configuration

ﬁ= = e
lon trcs

COLLAPS laser

Mass

separator

r P

eliminate Doppler
broadening

Bender

(>30 kV) to

Production rates, 100-10° ions/s
High-precision, natural linewidth

Short lifetimes, down to 10 ms

lonic and atomic transitions used

Insensitive to isobaric contamination

In Run 3: 6 experiments in standard configuration
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Laser spectroscopy of >3°%Ca at COLLAPS: the ROC setup

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

Are very exotic nuclei still magic?

34ca 35Ca | 36Ca 3/Ca 38Ca 3%Ca “°Ca | %Ca “?Ca “Ca “*Ca
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Laser spectroscopy of >3°4Ca at COLLAPS: the ROC setup
|
The emergence of a shell closure at N = 32: an unresolved puzzle

Are very exotic nuclei still magic?

>3Ca %4Ca >5Ca 56Ca 5’Ca

50Ca 51Ca 52C3

36Ca 37Ca 38Ca 3°%Ca “°Ca | %Ca “2Ca 43Ca %Ca IBCa “°Ca M¥IC3 “sCa M¥9Ca

/K 36K 37K 38 39K 40K 41K |42 |[43K 44 [4SK (46K (47K (48 49 [SOK ST |52 [S3K [ 54K [ 55K S6KC

Nature, 498, 346-349 (2013) Nature Physics, 17, 428-429 (2021)

Nuclear charge radius of K

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

18- ]
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Progress toward charge radius measurements of 1’F: the LIAF setup

How to extend our measurements to the unexplored regions? E.g. the light mass region?

lonization with gas

~
Target (2000C) 677 nm
(>30 kV) to
Mass ..
eliminate Doppler Yy - = —— == ~.

scparator broadening x / — \
|
LI&F |
L — I
. ) |
I
1
o |
Excitation laser |
Electrostatic bender Particle detector |

Main limitations of current techniques:
Need of ion traps
Inefficient photon detection (COLLAPS)
Spectroscopy on free ions (mostly)

@ Liss Vazquez Rodriguez — INTC February 2026 12 -‘QQ\E-
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Progress toward charge radius measurements of 1’F: the LIAF setup

LIAF at COLLAPS

UL | Laser sy;stem E ‘
CITRNNe mlm ' 1,\ | ECRIS ion source

b CLS setup

Particle detector
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Progress toward charge radius measurements of 1’F: the LIAF setup

First spectrum taken with LIAF

Total fit: Reionization signal (677 nm)

a0

504

(M) = v

Reionization significance (%)

[¥]

2.0
= Total fit 54
= Data "g
1':' 1 % 304
ﬂ':l ] 10 SR
E 20 4‘[) 60 SID 100 léD 1:1.0 léﬂl léﬂ 200
o 1':] T Laser Power (mW)
L
=
= ... and towards the p-halo nucleus 7F
‘T 2.0
[ ]
2
3.0 -
an Short (3 shifts) radioactive beamtime in November 2025
Unexpectedly large stable contamination — Need to install decay station
EH L] ! ]
0.4 ~0.2 0.0 Substantial molecular component was identified — AIF
Scan voltage (W) p 3
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Progress toward charge radius measurements in oxygen: the LIAF setup

CO* molecular fragmentation using the LIAF gas target

1 1 | 1
1w00d|™ background (no gas injection) | co+ 100 A - C*
—— 3-:1073 mbar %L\ —o— O
—— 1-1072 mbar : —e— COt
god|— 2 1072 mbar : 80 -
—_ — £.10-2
g 6-10 mbar _ N ~
= | | £ 60 -
g 60 | | 9
5 I | GC)
O I I 2
£ | iE £ 40-
o 401 | ! v ——
Q I I
i i
: : 20 1
20 1 i i
| I
I I
2+
i = . g
0 1 1 — 1 1 1 ] 1 1 ] 1 1 1 1
0 5 10 25 30 35 0.00 0.01 0.02 0.03 0.04 0.05 0.06

pressure (mbar)

...towards first CLS on oxygen at ISOLDE
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Progress toward charge radius measurements in oxygen: the LIAF setup

CO* molecular fragmentation using the LIAF gas target

CLS data from pure O

CLS data from broken up CO*

Total fit Total fit (breaker)
= Total fit = Total fit
¢+ Data 580 ¢+ Data
1050 A
560 A
£ 1000 £
>0 3
8 8 540
| o =
[=] o
s s
o 950 A o 520 4
900 A 500 -
T T T T T T 480 L T T T T T T
0.92 0.94 0.96 0.98 1.00 1.02 -0.6 -0.4 -0.2 0.0 0.2 0.4
Scan Voltage (V) Scan Voltage (V)
preliminary ...towards first CLS on oxygen at ISOLDE
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COLLAPS after LS3 -- The CLARIS project

-G © I H B Massachusetts
\‘\\\ > I I Institute of

MAX-PLANCK-INSTITUT
FUR KERNPHYSIK

Technology

& UNIVERSITE
&~ DE GENEVE *CQLLAPQ

Target (2000C) Novel approach for CLS:
Signal to background ratio will be improved by a factor of 8000!
Mass Jon beam (>30 kV) to Kinematic reconstruction for precise Doppler corrections
separator eliminate Doppler _
broadening // - . - \
ST ™ L Ny - ‘.
| Molecular break-up device \I : & ¥ Reaction microscope I
| | \ : L = |
| T — = |/ 3 |
| : , |
. |
Excitation laser I | F . ) |
! | h i-'€:‘- * I
| I £ |
| , & 4 i
| I I
| I CW ionization I
| |
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Thank you very much for your attention!
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