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A 304 shifts awarded in this period
A New measurements on 45 isotopes and 12 elements

A Contributing to 18 PhDs
A 9 PhD students have graduated with data collected in

this period

A 10 publications from Run 3 and 7 from Run 2
A 3 PRL, 2 Nature, 1 Science, 3 Nature Phys
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Article  Open access | Published: 03 March 2026

Electron correlation and relativistic effects in the
excited states of radium monofluoride

M. Athanasakis-Kaklamanakis 2, 8. G. Wilkins B2, L. V. Skripnikov, A. Koszords, A, A, Brefer, 0. Ahmad,

M. Au, S, W, Bai, |. Belogevié, .| Berbalk, R. Berger, C. Bemerd, M. L. Bissell, A. Borschevsky, A. Brinson
K. Chrysalidis, T. € Cocolios, R. P. de Groote, A. Dorne, C. M. Fajardo-Zambrano, R W. Field, K.T.

Flanagan, S. Franchoo, R F. Garcia Ruiz, .. C. Zillch ~ + Show authars
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Article Open access Published: 17 December 2025
Laser spectroscopy and CP-violation sensitivity of
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M., Athanasakis-Kaklamanakis B, M., Au B, A, Kyuberis, C. ZUlch, K, Gaul, H. Wibowe, L. Skripnikev, L,
Lalanne, J. R Rellly, A. Koszor(s, S, Bara, .J. Ballof, R, Beraer, C. Bernerd, A, Borschevsky, A. A, Breier,
K. Chrysalidis, T. E. Cocolios, R. P. de Groote, A, Dorne, J. Dobaczewski, C. M. Fajardo Zambrano, K. T.
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. I A 15 experiments, 304 shifts in Ru
A >284 shifts scheduled

1S682  818%Zn Not scheduled
ADD A Contributing to 18 PhD students
IS772  100113n 24 3 Run in 2025 2 A DrJ. Reilly (Al)
A DrY. Liu (Au)

IS7T59  3%48Ar 21 13 Run in 2025 3 A DrB. van den Born@g)
IS758  **RaF 12 0 Run in 2024 A DrM. AthanasakikaklamanakigRaF,AcF

aen A DrH. PerrettRaFf
IS737 180197y 19 13 Run in 2024 2 A Dr M. Nichols (R)
IS736  11+l22sp 19 0 Run in 2024 1 A Dr SMUdrescuRafy
IS735  22Fr 14 3 Run in 2023/24 A Dr. M UrquizaGonzalez (Ag)
IS728  20%Pg 15 9 Run in 2025 1 A Dr S. Kujanpaa (Ag)
IS723  133139n 16 16 Not Scheduled
IS714  5562Cr 18 0 Run in 2023 . partially schedulec
IS706  227AcF 29 14 Run in 2022 1 Delivered 53 or not counted
IS700  2634A] 16 Closed Runin 2021/22 1 _
1IS682  72827n 16 0 Run in 2023 1 Experiments
IS663  21023RaF 48 0 Run in 2021./23 4 Not scheduled
1IS660 112123Ag 23 12.5 Run in 2021/22 3

e RIS



Technical Developments LS2 and Run 3
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Upgrade program 2022025

A Beamline upgrade
A Motivated to improve transport efficiency and reduce backgrou
A Designed over LS2, delivered in 2021 and constructed in 275 i
A Installed and commissioned in April 2023
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Background removal: field ionization

Field ionization via Rydberg states High Power Laser
A High power laser obsolete Ar40
A New atomic physics opportunities Lot 4 ~F— Field lonisation
=4+~ 3-step Laser Scheme
Reduction of interaction window £
A Minimizing collisional background 2
Commissioning with stabl&r g 10
 Rydberg states g
i
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Upgraded unit used in 1IS735 (Fr) and 1S759 expenme
o Demonstrated removal of twphoton ionization effects i A7}
i during I1S759 (argon).
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A. Vernon et al., SdRep.10, 123062020).
C. Schulz et al., J. Phys. B 24, 4831, (1991). I : E | S
e
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B-y spectrum  '%n

CRIS Decay Station
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On-axis
collimaor and

DSS2.1 (Tape)
A Aluminized mylar tape
DSS2.0 (Ladder) A Plastic scintillators

A Two carbon foils, 88 nm e&t‘?a HPGe CeBr

A 2x PIPs detectors (Solid / Annular)
A 2-3HPGe

B Couplingto
\ = steppermotor!

Faraday cup
electricd
connecton!

S Faraday cup

BNC connectbn!

DSS1.4 (Windmill)

A Ten thin carbon foils, 90 nm each
A 4x PIPs detectors, 2x @xis (Solid /
Vil Rajabal et o, NiNiA 707 01339 ~nnular), 2x ofexis

KM Lynch et al, NIMA 844 (2017)18 A, Koszorusst al. Nature Physic$7, 439443 (2021)' : E I S
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CRIS Decay Spectroscopy Station (DSS)
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Upgrades for negative ions @ CRIS

Neutral atom detector GANDALPH type neutral atom detector

electrons

! Coated quartz 3 installed and commissioned at CRIS
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Upgrades for negative ions @ CRIS

"

f Charge exchange cell Interaction umt
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. A Movable DLA created for laser operation at
the end of the beamline

X A Final arrangement not completed

] } A Safety paperwork done and approved
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Recent highlights
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Recent highlights: chromium moments and ra

ol A 1A 2p-2h neutron intruder configuration 121
s B 12;; . | . o 10
[ eicr | rEain A Calculations support an E o
ol interpretation of a triaxial ground £ 0
Ll state =
1A 61Cr marks the transition point "
between 2p2h and 4p4h N=400l .
.—2-(1)00 —1(1)00 (l) IOIOO 2000 1.25
Relative frequency [MHz] =y 1.00
e 61Cr 62 % &
Y Y T W | Steep increase of the Cr charge ra{ 0.75
s . SE) between N=28 and N=34. 220,50
% 5 03 odsP ] : i \ © 0.25
o e =% s Preliminary SM calculations suggest oo} »"
L increased quadrupole correlation 2028 30 32 34 36 38 40
®Exciation Eae [:4\'1 g = v s ey Mev] . wn’[.(.np;:agv[gi::‘x p gI.:P\TN U N‘E y 3 S NJGmpEmr}gﬁndﬁ T R

L. Lalanneet al, PRC 112, L031301 (2025) Orbits.
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Recent hlghllghts zinc moments and raeieZn
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A Firm assignment of 5/2+ fétZn, no shell inversion at Z = 30
A Large kink is observed at N = 50, similar to Kr ,Rb and Sr

. A Theoretical calculations from DFT, CC/IMSRG ongoing

A Papes in preparatlon
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v

Firmly determine the spins &f-183Au
Quadrupole moments of 7 states

Shape coexistence 1H™Au
3 physics cases were investigated
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Recent highlights: gold moments and radi
=

05 |
1%8A [=1/2"
mAy I=11/2
04
'] 1 ‘
=
® 03| |
-
= |
= |
) ‘ |
Qo2 | .
1
| | 1
) E |
0.1 | i I}
A R | 8
ik A o B Y SR R o ’ s
T T T 77 T T 7/ T 7/ T T
-81000  -78000 75000 3000 6000 33000 114000 117000
Relative frequency (MHz)
) — fiing —— fiting
I=5/2 B data poins B daap




Radioactive molecular spectroscopy

2018 #m,, < xx 00 Nz — st
EAW s 356 nm ) e 227
2”3!2 :i 1 g 630 ACF
A, ) Lk £ 640
7 i ‘.E BDD 8600 v'=3¢-v"=3V'=2*-l;"=2v‘=1;-v”-1
g 377-400 nm V=4 4; V'=4 iy
V=3 V=4 O X'zt _—/\‘—" I/==04—
400 | 25,780 25,800 25,820 25,840 25,860
2023 13,260 13,270 13,280
wavenum ber {Cm_1} A S I Expenmenlal»uncenainly ~16.4 B .
2 2 070 I Total uncertainty )
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SMUdrescuet al, Physical Review Letterk27 (3), 033001 (2021 M Athanasakigkaklamanakist al. Nature 648 (8094), 56568 (2025)

SMUdrescuyet al. Nature Physic$2024)
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Wider impact

ANew CRIS beamlines commissioned in USA (FRIB |
MIT) and China (PKU) and future plans at GANIL |y}

A10 PDRA/Fellows at CRIS have moved into
permanent faculty or laboratory posts. RS _
ABSM Physics with radioactive molecular now / "ﬂ sl
underway at Harvard, Caltech, MIT, FRIB, Leuven,

John Hopkins, Manchester, CERN.

ARaX Collaboration, Neptune, FUNSY, DR&ol

L e. » ‘
erc 2 9 Qb
h

RaF(

e, hno ,
TIRINS g us oepartuet oF Facilities Council Opportunities for Fundamental Physics Research wit
European Research Council ENERGY f Radioactive Molecules, Rep. Prog. P(g&24)
Established by the European Commission Wo
Office of Science

Gaffney et al, (2013)ature497p. 199
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Technical Developments during LS3

N m
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Challenges: low yields and large contaminatia

Thanks to ISOLTRAP for beam composition test
) ‘03‘- : : : &l : : : : %

Start Time: 08/09/2024 203515 Counts
Gross 103 Net 103 Mean 0 o
ROI% 000313043 - 13362 Centroid 1318053 w

Background contributions from [y

A Collisional ionization S

A Laser related background, especially from 98.9224 98.9249 98.9274 98.9299 98.9323 98.9
Atomic mass (u)

high power noAresonant step
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104-

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.

Data Set 2021

348

LRSS
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Injection into CRIS

A Injection into CRIS needs replacing and g e
upgrading. i '

A Includes new ion cooler and trap to reset i i

the beam and ion optics. A

A Improve transport efficiency and beam.

+
x
/
/
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Technical Developments during LSB

Electrostatic
mirrors

A Installation of an MRTOF unit after CRIS to

enable mass gating.
A Removal of collisional and molecular

backgrounds
A Unit has been commissioned at Kduven and

combined with fluorescence detection to
further develop method.

20 40 60 80 100 120 140

Counts

-\
29.94 29.95 29.96 29.97 29.98 29.99 30.00
Time-of-Flight (ms)
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Pulsed drift tube

Deflectors
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Concrete structure/ laser transport:
ALaser enclosure replacement (202028) YRE
APlatform above CRIS and COLLAPS (2027) S8
Alnjection and end station changes (202628)

CRIS laser ﬁ,,.

lab b gy
N [csiasertent |
JIERE

=] '
\ , ¥ Laser beam delivery
N ('.

"N - via a concrete
structure

4 ' 3 = .': 3 "
4 i '

Figurebx Liss / Tim
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COLLAPS laser
lab

A PDRA support from the collaboration
A Engineering support from Manchester and

Leuven
A Opportunity for CERN (applied) fellow to join

effort. E @ | S
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Upgrade program

ADesign studies have been running in the background.

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

A Construction and commissioning of new components
during LS3 in preparation for Run4

ANeed an offine space at CERN to assemble new
beamline sections.

A Temporary offline location during LS3,

A Activity within the ISOLDE hall will delay the upgrade program.

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

B
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