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No rigorous definition of “fundamental symmetries”!
 
Obvious examples are discrete symmetries:

Charge conjugation (C)

Parity (P)

Time reversal (T), etc

But there are also symmetries due to SM gauge 
structures
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Universality ==>  Unitarity of the CKM matrix

Can be tested at 0.01% level! Probes new physics at the scale:

Example: Universality in charged weak interaction:
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Cirigliano, Crivellin, 
Hoferichter and Moulson, 
2023 PLB

SM unitarity

New physics?

“Cabibbo angle anomaly”: Unitarity deficit ~3σ
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“Superallowed” beta decays of T=1, Jp=0+ nuclei

Provide best determination
of Vud



6Superallowed decay candidates accessible at
Ariel Proton Target West (APTW)
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Direct experimental inputs:
1. Total lifetime
2. Branching ratio
3. QEC value 

But there are also THEORY INPUTS that would benefit from
experiments!

Extraction of Vud from superallowed beta decays
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Thanks to another approximate symmetry: Isospin

Fermi decay matrix element

+
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At 0.01%  precision, isospin symmetry breaking (ISB) 
corrections must be included!

ISB potential due 
to EM effects 

0.1%~1%

Crucial to test conserved 
vector current (CVC)
assumption

w/o δC

With δC

Hardy and Towner, 2020 PRC



(Selected results)
Caurier et al., 2002 PRC

10

Model calculations showed 
large variations

Ab initio calculations suffer
from non-convergence

 Computing δC: Classic problem over 6 decades!

…and spurious ISB effect
Farren and Stroberg, 2412.10693
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Inferring δC from experiment?

Nuclear mass splitting: X

We need this



12

Consider T=1 system. The non-zeroness of

signifies ISB. 

ISB can be probed through the variation of 
charge radii within the same nuclear isomultiplet

Seng and Gorchtein, 2023 PLB; 2024 PRC

Could serve as important benchmark for δC calculation
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B.Ohayon, 2025 Atom.Data Nucl.Data Tabl.

List of T=1 nuclei and charge radii data

Only A=38 has 3 measured radii; ∆MB
(1) consistent with zero.
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Semi-empirical test of isospin symmetry with charge radii

Step 1: Mirror shift parameterization

B.Ohayon, 2025 Atom.Data Nucl.Data Tabl.

Starting from the known Tz=+1 radius:
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Step 2: Assuming isospin symmetry

B.Ohayon, 2025 Atom.Data Nucl.Data Tabl.

Starting from the known Tz=+1 radius:

Semi-empirical test of isospin symmetry with charge radii

Then, compare the deduced r0 with the measured ones
(if available)



16

B.Ohayon, 2025 Atom.Data Nucl.Data Tabl.

Obtained from Step
2

Large ISB signal in the A=26 isotriplet?

Some obtained from 
Step 1

Experiment

Similar observation from IMSRG calculation
Bingcheng He et al., in preparation
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ISB effect can be directly probed by measuring 26Si radius

26mAl radius only measured recently (ISOLDE+IGISOL):

Experimental issue? Or Large ISB signal?

Required measurement: Isotope shift, e.g. 28Si  26Si 
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Extracting radii from unstable nuclei

Mass-shift 
factor

Field-shift 
factor

Isotope shift: Measured
experimentally from laser

spectroscopy

Si possesses 3 stable isotopes: 28Si, 29Si, 30Si, 
so K and F can be deduced from King-plot analysis! 

Measurement of δνA,A’ will unambiguously determine
the 26Si charge radius.
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 I discussed two “fundamental symmetries”: weak 
interaction universality and isospin symmetry, in 
the context of superallowed nuclear beta decays

 Relevant nuclei accessible at APTW
 Theoretical calculations of ISB effect contain large 

uncertainty, and can benefit from charge radii 
measurements

 A=26 isotriplet has potential to probe large ISB effect. 
Measurement of 26Si charge radius is desired.

Summary

Thanks for your attention!
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