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Charge radii of medium Z elements?
IZ"'"’E gun‘;l) e ™
CKM (Cabibbo—Kobayashi-Maskawa) matrix: e e e
Sf — I/[':d ‘[/C < ‘[/:: b S down strange bottom
'] Ve Vis Vil Lb.

Unitarity matrix in Standard Model = |V,,4|% + |V,<|?+ |V |* = 1

Nuclei of interest; 26mA|, 26,27, 30Gj 34C| 38mK 34,38Ar S0Mn
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Charge radii of medium Z
elements?

L = slope of symmetry energy

I Protons
I Neutrons

« L small: smaller, compact neutron star - -

L big: larger, puffier neutron star

8 Protons
: - =025 ARy, ] Neutrons»"‘_','.':‘—'
L ~ neutron skin thickness: AR, ~ L £ & M gt
V)]

if p=n > AR,, = AR, of 2 mirror nuclei
BUT e.g. Coulomb =2 AR,,~AR,

Interest: 32Si-32Ar, 3°CI-3%Ar, 3’Cl-3'Ca
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Experiment Data-processing np-1s extraction Charge radius
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*Cl > BSM No laser 35,37(]|
570> Ean.ofstate () ool 2023 2023-2024  2024-2025  2024-2025
38K > BSM 36-52K done 39, 40, 41

2023 2023-2024 2024-2025 2024-2025

Experiment Data-processing np-1s extraction Charge radius
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34Cl - BSM No laser 35,37(]
35,370) > Eqn. of state 2023 2023-2024 2024-2025  2024-2025
spectroscopy
38mK = BSM 36-52 39,40, 41
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26,27,30Gj = BS|V] 28, 29,30, 32Gj done 28,29,30G;j

32Gji > Egn. of state 28-36, 38Gj: measured

spring 2025 (FRIB)

28-31Gj : planned in 2024 2024-2025 Planned in 2025
Jyvaskyla (A.

Koszorus and A.

Kayaalp)

Experiment Data-processing np-1s extraction Charge radius
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Experiment Data-processing np-1s extraction Charge radius
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Added value of the muonic measurements?
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Beamtimes

2023 2024

- 2 muon scintillators - 2 muon scintillators

- 5 electron veto scintillators - 6 electron veto scintillators
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Beamtimes
2023 2024
- 2 muon scintillators - 2 muon scintillators
- 5 electron veto scintillators - 5 electron veto scintillators
- 14 HPGe detectors - 12 HPGe detectors
full array
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Beamtimes
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Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline

C : 2 2000
ELET optimization ¢ -
= 1500 1200
nergy calibration 1 1000 .
Isetime correction 500 -
ecalibration ’ 500
-500
-1000 400
-1500 200
-2000 o | : L - . .
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Energy [keV]
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Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline
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ELET optimization
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Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline

ELET optimization ¢ -
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Energy calibration

-  Continuous calibration
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Energy calibration - gain drift
303 keV, Ge08
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Energy calibration - gain drift
303 keV, Ge0|8
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Energy calibration - gain drift
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Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline

C : 2 2000
ELET optimization ¢ -
= 1500 1200
nergy calibration 1 1000 .
Isetime correction 500 -
ecalibration ’ 500
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Energy vs time histogram

180 L =T T T A T
T *ﬁ"fﬂ A _-'-:._.;.*;_--1.:'*-*-

et e e o 20 T L e R '.*:,"E,
frod o 'Flr"--'-l-' kit Y o el Y ' .I".I" -. '-r'-F"l'I'l MItaa W 1600
._:.r'T!’l-.' & lfl:lrl'_E:ﬁ';'l: .'_ L: : ::'.:.'...,"_.: ."..',I-I-I i :.--:-.:._. _'.1..1-'|| < |ﬁ1‘j |': LI TR

Time [ns]

—1500

90
—1400

300

200

-100 100

—150L TR B .|...|' L .|': ' | X !" l".' p 1 |'u r':.[ﬂlu.:. |I '|'|':"-|I. K I.lII.JI \”|'.| ]
396 397 398 399 400 401 402 403 404
Energy [keV]

Department of Physics and Astronomy, IKS | KU LEUVEN fwo




Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline
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Risetime correction
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Risetime correction
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Risetime correction
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Risetime correction
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Risetime correction

— Uncorrected
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Risetime correction

Centroid vs Time Window [-x,X]
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Risetime correction

Centroid vs Time Window [-X,X]
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Risetime correction

- Muonic x rays: have time 0 (= when the muon arrives) - Clear
shift

- Calibration lines: don’t have time O,
BUT different risetimes contribute to main peak - Improvement in
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Risatime corrected
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Risetime correction

hAnticoincEnergy hAnticoincEnergy
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Data-processing: From Muonic X-rays to np-1s

energies: Our Analysis Pipeline
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Recalibration

Hypermet lineshape
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Recalibration Step

¢ — Fit
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Recalibration
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np-1s energy extraction
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Beyer, K. A., et al.

"Modern approach to muonic x-ray spectroscopy demonstrated through the measurement of stable Cl radii." arXiv preprint arXiv:2506.08804 (2025). | KU LEUVEN fwo



np-1s energy > Charge radius
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np-1s energy > Charge radius

Experiment Ry £
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np-1s energy > Charge radius
m_,a Barret radius

Radius of SO|Id sphere that has same Barret

w moment (< r¥e 2" > = foo R+2e=@" 5(r) dr ) as

@

nucleus of interest
m k and m are determined from fit of the potentials
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np-1s energy > Charge radius
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Not physical observable
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np-1s energy > Charge radius

Scattering or EDF
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
o I it i
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Beyer, K. A,, et al. "Modern approach to muonic x-ray spectroscopy demonstrated through the measurement of stable Cl radii." arXiv preprint arXiv:2506.08804 (2025). | KU LEUVEN fwo




Conclusion

Standard Model of Elementary Particles

Overview RefRad at medium Z

(fermions)
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