VITO upgrades and experiments
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VITO: B decay from spin-polarized nuclei

® Parity non-conservation of weak interaction, Mme Wu experiment

® Spatial asymmetry in emission of 3 ® Asymmetry depends on:
particles by spin-polarized nuclei: » P:degree of spin polarization
W(0)=1 + aBP % cos(6) > ag: transition details: initial spin, change of spin/ parity
B .
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Theta (deg) Observed asymmetry can be used to:

» Probe weak interaction details
» Determine spins and parities of involved nuclear states
» Derive differences in atomic and nuclear energy levels and how the environment changes them



VITO activities in 2021-25

Atomic Parity Violation studies
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Collection of 129m/131m,133mye for the GAMMA-MRI project

K. Kulesz (CERN), M. Chojnacki (CERN) et. al, INTC-P-598 (2021), INTC-P-598-ADD-1 (2023)

® Towards new medical imaging with polarized unstable MRI tracers
® mXe production at ILL and MARIA reactors, 131l decay, and at ISOLDE

® At ISOLDE: determined mXe purity, extraction efficiencies, 11/2 to 3/2 isomeric ratio
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K. Kulesz et al, Meas. Sci. Technol. 35 (2023) 025027 23 25353
M. Chojnacki, Appl. Rad. Isotopes 205 (2024), 111174 Collaborators: toT
M. Chojnacki, I. Michelon et. al., to be submitted to Nucl. Instr. Meth. B ® U. Koester (ILL)
® R.Prokopowicz (MARIA)
Master theses: |. Michelon, U Padova (2023) ® A. Korgul (UWarsaw)

PhD theses: K. Kulesz, UNIGE (2024), M. Chojnacki, UNIGE (planned defence in 2026) g GLM. IDS. ISOLTRAP



VITO 3-NMR beamline upgrades during LS2

4.7 T SC magnet -> precision beyond 1 ppm ' é {
. ‘@ y C

B, measurement via 2H NMR N ©
New [-detectors

All-digital, time-resolved DAQ
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Liquid B-NMR studies of the interaction of
Na and K cations with DNA G-quadruplex structures

B. Karg (UNIGE), M. Kowalska et. al, INTC-P-560 (2020), INTC-P-560-ADD-1 (2022)

20221121-175713 K47_DIP_GDN_010_020-1-NMR0O08

DNA G-quadruplexes (GQ): guanine-rich DNA I T i St 30
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® Na and K: important for GQ formation, e 87 2
stability, polymorphism, invisible in NMR

® %Kimplantation in pre-folded DNA
=> Reference conventional NMR studies
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=> DNA results inconclusive
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=> Results used for nuclear structure I
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J. Croese et.al, Nucl. Instr. Meth. B 1020 (2021), 165862 ® Quantum chemistry: A. Antusek

Y. Gimbal-Zofka, et. al., J. Chem. Phys. 157 (2022) 244502 . (Bratislava), T Wesok'ows"' (UNIGE)
, . L NMR: M. B i(UP ,

K. Dziubinska-Kiihn et. al., Front. Chem. 10 (2022) 01 aranowski (U Poznan)

J. Viger-Gravel (UNIGE)
K. Dziubinska-Kiihn et. al., Chem. Phys. Chem. 23 (2022) ® Biochemistry: J. Plavec (U LJubI|ana)
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Energy-resolving beta detectors for B-NMR at 4.7 T

® To cut ’s populating higher-lying states, which lower observed 3 asymmetry
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Investigating the origins of the kink in charge radii at N=28
M. Bissell (CERN), M. Kowalska (CERN), el. al, INTC-P-714 (2024)

Kink in charge radii of K, Ca at N=28: large neutron orbits or deformation? .. All beta
=> measure Bohr-Weisskopf effect of 47-48K & 48-4°K -> magnetisation radii
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=> Determine quadrupole moment of 48K
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® Proof-of-principle during GQ DNA studies on 4’K:
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® Data analysis ongoing er C i T T
M. Bissell et al., to be submitted R ® Quantum chemistry: A. Antusek (Bratislava)

Plr'é'ébilt;én ® NMR: M. Baranowski (U Poznan)
M. Jankowski, PhD thesis, TU Darmstadt (2024) Nuclear theory: J. Dobaczewski (York), M.
D. Paulitsch, PhD thesis, U Innsbruck, to be submitted in 2026 Kortelainen (Jyvaskyla)

A. Nagpal, PhD thesis, U York, to be submitted in 2026 ® Atomic theory: J. Ginges (Brisbane)
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B-NMR for material studies

® Beamline upgrades:
» Ultra-high vacuum

» Sample temperature change and control

» Load-lock for air-sensitive samples
Measurement

location

Sample storage

CERN team: A. Sparks, M. Sienkiel, L. Budzinski, J. Jaluvka, M. Lupinski -



Comparison of bulk and interfacial diffusion of 8Li+ In
solid-state battery materials with B-NMR spectroscopy

G. Rees (U Oxford), A. Sparks (CERN), et. al, INTC-I-267 (2023), INTC-P-713 (2024)

Goal: find source of low power density & conductivity of solid-state battery materials

® Limitations of liquid Li-ion batteries: energy density, charge speed, safety risks

® Solid-state batteries: In principle high power density, fast charging, safe; but not in practice
Li* diffusion across interfaces with B-NMR in solid-state battery materials
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8Li in LPSCI, 4.7T

g

Shift to Iowe; T

-——

500nm Li | LPSCI
700nm Li | LPSCI
800nm Li | LPSCI
LPSCI

M e Fed kA

$
.
I
I f I
2.8 3 3.2 3.4
1000/K



DeVITO end station for decay-spectroscopy
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0.1 T magnet for spin decoupling

M. Piersa-Sitkowska (MSC Fellowship), N. Azaryan, |. Michelo
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B-decay spectroscopy with laser-polarised beams of
neutron-rich potassium isotopes

M. Piersa-Sitkowska (CERN), M. Madurga (UKT), et. al., INTC-P-662 (2023)

® Determination of spins of excited states from asymmetry of 3 emission in coincidence
with ¥'s & n’s

® =>input for r-process calculations
® =>understanding of 3-delayed neutron emission mechanism
® Proof-of-principle on 47K, 4°K, >1K
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® PhD thesis of I. Michelon (UNIGE), defense planned in 2026



Outlook: rf-laser double resonance spectroscopy

Precise determination of hyperfine structure A factor ratios for unstable nuclei
=> Distribution of magnetization in nuclei
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Challenges in 2021-25 and after LS3

® Location in the middle of ISOLDE hall and several end stations (b-NMR, DeVITO, rf-line):
= Not enough space for multiple branches after polarization line

= End stations need dismounting to make space for the other (time-consuming + lower
scheduling flexibility)
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