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The Ca region — a laboratory for shell evolution

N = 28 shell closure on both sides of a doubly-magic core

IT IT IT
B Stable
B s
120+ O B*/EC
O a g5
[ p emission siEeEaes
[ n emission ox g
100 | @ SF/other [N=126] . ﬁud‘
‘rq
L R
Y 80+ N=82f Z = 82
© i
= I
£ w
= | U m
=}
§ [N'=50]
S |
5_. Ll = !
a Z =50
40 - [N =28] 2
(N =20][=%
Sl -
Fre- Z = 28;
20—:|N|=8 . Z = 20)
(N=2
7 =8| Magic numbers: corner stones
— to develop nuclear theories
Z=2
O_I |H T T T T T
0 25 50 75 100 125 150 175

Neutron number N

Ar chain (this work, CRIS-ISOLDE) - V chain (IGISOL, in analysis)

Angelos Karadimas - KU Leuven — IKS - Zakopane Conference on Nuclear Physics 2026




The Ca region — a laboratory for shell evolution

N = 28 shell closure on both sides of a doubly-magic core
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Collinear laser spectroscopy
The hyperfine fingerprint delivers p, Qs and 6(r2) model-independently
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Collinear laser spectroscopy

The hyperfine fingerprint delivers p, Qs and 6(r2) model-independently

CRIS @ ISOLDE — isotopes
» Production via protons on thich target.

» Step-wise resonance ionisation, ion detection.

» Near-background-free — reach the most exotic isotopes.

CRIS: Collinear Resonance Ionisation Spectroscopy
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Collinear laser spectroscopy

The hyperfine fingerprint delivers p, Qs and 6(r2) model-independently

CRIS @ ISOLDE — isotopes
» Production via protons on thich target.

» Step-wise resonance ionisation, ion detection.

» Near-background-free — reach the most exotic isotopes.

CRIS: Collinear Resonance Ionisation Spectroscopy

CLS @ IGISOL — V isotopes

» Production on thin target, recoil in gas cell - ideal for refractory elements.
» Fluorescence detection.

» Photon background (depending on the ion beam isobaric purity).

CLS: Collinear Laser Spectroscopy
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CRIS-ISOLDE campaign - 39747Ar



The Ar chain — CRIS campaign at ISOLDE

39747 Ar hyperfine spectra recorded in the 2025 CRIS run
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The Ar chain — CRIS campaign at ISOLDE

39747 Ar hyperfine spectra recorded in the 2025 CRIS run
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Moments — this work vs literature

CRIS matches the literature precision on 39,41 43Ar and delivers the first moments of 45Ar and 47 Ar
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Moments — this work vs literature

CRIS matches the literature precision on 39,41 43Ar and delivers the first moments of 45Ar and 47 Ar
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> 39,41 43Ar: CRIS pand Q, agree with the

literature within 10.

» The two new measurements in the neutron rich
isotopes reveal the increased sensitivity of the
CRIS technique. 47Ar production rate was less than

1000 101nSs per sec.

» What do we actually learn from these 2 new
measurements one below and one over the shell

closure?




Magnetic dipole moments — g-factor systematics

u probes the single-particle content of the neutron valence orbits

» Isotonic comparison with Ca
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Magnetic dipole moments — g-factor systematics

u probes the single-particle content of the neutron valence orbits
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Magnetic dipole moments — g-factor systematics

u probes the single-particle content of the neutron valence orbits
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Magnetic dipole moments — g-factor systematics

u probes the single-particle content of the neutron valence orbits
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» Isotonic comparison with Ca
isolates the effect of the 2 proton
holes in the wavefunction.

» N =21,23: g(Ar) = g(Ca) pure vf7/2
single-particle regime
» N =25 (43Ar): Im=5/27, not 7/2"
seniority-3 state, 3 unpaired neutrons in
the f7/2.

» N =27 (45Ar): departure begins
muds/2-hole polarisation (tensor force
weakens)

» N =29 (47Ar): largest deviation in
the chain strong configuration mixing
across N=28



Spectroscopic quadrupole moments

Enhanced mid-shell deformation and the N = 28 sign flip

de Groote and Neyens, Handbook of nuclear physics
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Spectroscopic quadrupole moments

Enhanced mid-shell deformation and the N = 28 sign flip

de Groote and Neyens, Handbook of nuclear physics
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27td3/2 in Ar sit at the proton Fermi surface, so
every vf7/2 neutron induces a bigger core
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Spectroscopic quadrupole moments

Enhanced mid-shell deformation and the N = 28 sign flip
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» Ar slope = 1.4 x Ca slope (=39 vs =27
mb/N, anchored at (24, 0)) — effective neutron
charge grows from e,*"= 0.5 ein Cato = 0.7 e
in Ar.

» Larger slope = softer proton core: the
27td3/2 in Ar sit at the proton Fermi surface, so

every vf7/2 neutron induces a bigger core
quadrupole than around the rigid Z = 20 core.

» Take-home: N = 28 is not rigid at Z = 18,
the Ar Q, and g factors show that the shell
closure starts to collapse.
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Finding the best spectroscopy transition — offline survey

Stable 51V* studied offline to pick the most efficient line before the online run

FIRST COLLINEAR LASER SPECTROSCOPY STUDY
OF VANADIUM ION
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Finding the best spectroscopy transition — offline survey

Stable 51V* studied offline to pick the most efficient line before the online run
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Finding the best spectroscopy transition — offline survey

Stable 51V* studied offline to pick the most efficient line before the online run
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Boosting sensitivity with optical pumping

Populating a metastable level enhances the spectroscopy signal

37201.5378 cm™!, J=0
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V* level scheme — pump — metastable, then probe on 312.5 nm

Angelos Karadimas - KU Leuven — IKS - Zakopane Conference on Nuclear Physics 2026



Boosting sensitivity with optical pumping

Populating a metastable level enhances the spectroscopy signal
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V* level scheme — pump — metastable, then probe on 312.5 nm
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V isotope chain — all proposed isotopes measured
From N = Z to beyond N = 28

Counts per bin

51V I"=7/2"
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25 | | |
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Merged online scans of 46752V*; dashed line = fitted centroid
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V isotope chain — all proposed isotopes measured

From N = Z to beyond N = 28

» All proposed isotopes successfully
measured — 46V to 52V

» Coverage from N = Z (46V, N = 23)
across the f7/2 shell to beyond N = 28
(52V, N = 29)

» Laser background only ~400
photons/s on the PMT = sensitivity to
very weak yield

Counts per bin

51V I"=17/2"
| I » First direct spin assignment for

52V: first measurement with collinear
laser spectroscopy
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25F | | |
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Frequency [MHZz]

Merged online scans of 46752V*; dashed line = fitted centroid
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Preliminary magnetic dipole moments

First look at g = pu / I along the V chain

Odd-even isotopes

Neutron number N
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— — Schmidt (free) § g from A; ﬁ 3ly NMR § Literature
- Quenched (0.7 gt*¢) O gfrom A,

g-factors from A, (blue) and A, (red); 51V NMR reference (gold star)
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Preliminary magnetic dipole moments

First look at g = u / I along the V chain

Odd-even isotopes
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Preliminary magnetic dipole moments

First look at g = u / I along the V chain
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Preliminary magnetic dipole moments

First look at g = u / I along the V chain

Odd-even isotopes Odd-odd isotopes
Odd - even
Neutron number N Neutron number N .
24 26 28 25 27 29 > 47V (I=3/2, not 7/2) : higher-
200 p—t—+—+—+—F+—+—+—+—+—+ 200p—t—+—+—+—+—+——+—+—+—+ seniority ground state, same v=3-type
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crosses into p3/2 at N=29
— —  Schmidt (free) O gfrom 4 ﬁ 3ly NMR & Literature conﬁguration miXing across N=28 ,
© Quenched (0.7¢gF*) . gfrom A, same shell-crossing signature as 47Ar,
now seen from the proton-coupled side.

g-factors from A, (blue) and A, (red); 51V NMR reference (gold star)
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Conclusions and Outlook

» Ar and V probe different aspects of nucleon nucleon interaction: Ar (even Z)
is neutron-driven with the tds/2 core only polarised; V (odd Z) is proton-driven, with
the odd mtf7/2 proton directly coupled to vi7/2 (N < 28) or vp3/2 (N > 29).
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Conclusions and Outlook

» Ar and V probe different aspects of nucleon nucleon interaction: Ar (even Z)
is neutron-driven with the tds/2 core only polarised; V (odd Z) is proton-driven, with
the odd mtf7/2 proton directly coupled to vi7/2 (N < 28) or vp3/2 (N > 29).

» Theory input still needed — full pf-shell shell model, ab initio, and density
functional theory (DFT) to disentangle configuration mixing and constrain the effective
interaction.

» Charge radii on the way — 0(r2) from the same isotope-shift data will map the size
evolution across N = 28 and towards N = Z for both chains.

» Going lighter, CLS below Ar — Cl, S, P, Si chains are largely unexplored by laser
spectroscopy.
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The Ar chain — CRIS campaign at ISOLDE

39747 Ar hyperfine spectra recorded in the 2025 CRIS run
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(I=7/2)and 47Ar (I = 3/2).
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Finding the best spectroscopy transition — offline survey

Stable 51V* studied offline to pick the most efficient line before the online run
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11 candidate transitions To1—T11 measured offline on 51V* Karadimas et al., Sci. Rep. 16, 13670 (2026)
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Collinear laser spectroscopy

The hyperfine fingerprint delivers p, Qs and 6(r2) model-independently

H1 Q>0
T O Qs<0
Fine structure Magnetic dipole Electric quadrupole
AE ~ THz Huyi, AE ~ GHz Hg,, AE~ MHz
F F
Han Hp>

) — e —_— —

\ F _____ F

F=1+J - Aop - BoQ,
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CRIS @ ISOLDE — isotopes

» Step-wise resonance ionisation, ion detection

» Near-background-free — reach the most exotic isotopes

CRIS: Collinear Resonance Ionisation Spectroscopy

CLS @ IGISOL — V isotopes

» Gas-cell stopping ideal for refractory V

» Fluorescence detection on a fast ionic beam

CLS: Collinear Laser Spectroscopy



Conservation of hyperfine parameter ratio in Ar

40 42 44 46
Isotope
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