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What is the origin of dark energy and dark matter?

Why is there much more matter than
antimatter in the observed universe?

Many unresolved problems call for physics beyond the 
 Model (BSM) ! 

What is the nature 
of the 
neutrino mass?

Image credit: Jefferson Lab

Image credit: Wikipedia
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Precision Frontier: Measure things very precisely,
 and look for their deviations from SM prediction!                  
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Nuclear beta decay

Competitive to high-energy experiments at LHC!

Observables measured at 0.01% level! Probes new physics at 
the scale:
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Allowed beta decay:

Lee-Yang Lagrangian

Scalar Vector Axial Tensor

Fermi Gamow-Teller
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Total decay rate:
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Total decay rate:

 Radiative corrections (RC) +
isospin-breaking corrections (ISB)

 Phase-space factor +
nuclear/atomic 
structure effects
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Total decay rate:

 Radiative corrections (RC) +
isospin-breaking corrections (ISB)

SM + BSM couplings 

 Phase-space factor +
nuclear/atomic 
structure effects
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Total decay rate:

 Radiative corrections (RC) +
isospin-breaking corrections (ISB)

 Phase-space factor +
nuclear/atomic 
structure effects

SM + BSM couplings 

● Assuming SM couplings: Deduce V
ud

● Variation of lifetime over nuclei: Constrain BSM couplings 
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Cirigliano, Crivellin, 
Hoferichter and Moulson, 
2023 PLB

SM unitarity
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Cirigliano, Crivellin, 
Hoferichter and Moulson, 
2023 PLB

SM unitarity

Sign of n
ew physics??
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Interplay with LHC experiments:

Falkowski, Gonzalez-
Alonso and Naviliat-
Cuncic, 2021 JHEP
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Interplay with LHC experiments:

Falkowski, Gonzalez-
Alonso and Naviliat-
Cuncic, 2021 JHEP

New radiative correction
calculation could change
the game!

See Petr Navratil’s talk
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Role of charge radii measurements:

1. Beta decay form factors

2. Isospin-symmetry-breaking corrections
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Role of charge radii measurements:

1. Beta decay form factors

2. Isospin-symmetry-breaking corrections
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“Superallowed” beta decays of T=1, Jp=0+ nuclei

Provides the best measurement 
of V

ud
 :

➢ 23 measured transitions
➢ 15 with lifetime precision better 

than 0.23% 

Hardy and Towner, 2020 PRC
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Nuclear (charged) weak distribution

Distribution of “active” nucleons eligible for weak 
transitions in a nucleus
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Nuclear (charged) weak distribution

Distribution of “active” nucleons eligible for weak 
transitions in a nucleus

a,b : single-nucleon states

How reliable is such approximation at 0.01% level?

Old : Impulse approximation in non-relativistic (NR) nuclear models.

Hardy and Towner, 2005 PRC



New: Utilize CVC to relate (charged) weak distribution to 
          nuclear charge distributions
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Nuclear (charged) weak distribution

Distribution of “active” nucleons eligible for weak 
transitions in a nucleus

Hostein, 1974 RMP; CYS, 2023 PRL
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Nuclear (charged) weak distribution

Distribution of “active” nucleons eligible for weak 
transitions in a nucleus

enhanced by large atomic number!

New: Utilize CVC to relate (charged) weak distribution to 
          nuclear charge distributions Hostein, 1974 RMP; CYS, 2023 PRL



21

Form factor expansion:
M.S. radius
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Existing charge radii compilation:
● Fricke and Heilig, “Nuclear charge radii”, 2004
● Angeli and Marinova, Atom.Data Nucl.Data Tabl. 99 (2013) 69
● Li, Luo and Wang, Atom.Data Nucl.Data Tabl. 140 (2021) 101440
● New measurements, e.g. 38Ca, 38mK, 54Ni...

Form factor expansion:
M.S. radius
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Existing charge radii compilation:
● Fricke and Heilig, “Nuclear charge radii”, 2004
● Angeli and Marinova, Atom.Data Nucl.Data Tabl. 99 (2013) 69
● Li, Luo and Wang, Atom.Data Nucl.Data Tabl. 140 (2021) 101440
● New measurements, e.g. 38Ca, 38mK, 54Ni...

Data + isospin predicts unexpectedly large (charged) weak radii!

E.g. 

Simplified shell model prediction: 

Wilkinson, 1993 Nucl.Instrum.Meth.A

Form factor expansion:
M.S. radius
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Sufficient data available



26One more measurement needed



27

Preliminary re-analysis of statistical rate functions:

CYS, PRELIMINARY RESULTS

Shifts at 0.01% level are observed!

Upward shift of V
ud

 ?
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Role of charge radii measurements:

1. Beta decay form factors

2. Isospin-symmetry-breaking corrections
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Isospin symmetry breaking (ISB) correction alters the Fermi matrix element: 

w/o d
C

with d
CCrucial in obtaining a nucleus-independent 

Ft-value from the nucleus-dependent ft-values:

Hardy and Towner, 2020 PRC

Caused by isospin mixing of nuclear states,
predominantly due to Coulomb repulsion between
protons

ISB

0.1%~1%



● Significant model dependence. 
● No direct experimental constraint
● Ab-initio calculations still in 

preliminary stages

● Computing d
C
: Classic problem over 

6 decades!

● Current input adopted in global analysis: 
Shell model + Woods-Saxon (WS) potential 

● Successful in aligning Ft values of different 
superallowed transitions 

Caveats: 
(Selected results)

MacDonald, 1958 Phys.Rev

Hardy and Towner, 2020 PRC

Caurier et al., 2002 PRC 30
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Probing isospin mixing in experiment?

Nuclear mass splitting: X

We need this

Second-class current: doubly-suppressed (kinematics*ISB), null 
results so far Minamisono et al., 2011 PRC
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Consider T=1 system. The non-zeroness of

signifies ISB. No double suppression! 

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

Seng and Gorchtein, 2023 PLB

Challenge: THREE charge radii need to be measured!

Simple isovector-monopole-dominance picture: 
Auerbach, 2009 PRC

Therefore, the ability to reproduce DM
B

(1) serves as a test of the 

theory accuracy of d
C
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Possible future measurement of r(38mK) at TRIUMF with ~4 times better
in precision
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One more measurement needed
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● Nuclear beta decays offer precision tests of SM; various anomalies 
suggest the existence of new physics

● Measurements of nuclear charge radii provide important nuclear 
structure information relevant to beta decays:

(1) The (vector) decay form factor, determined by TWO measured  
radii through CVC;   

(2) ISB correction in Fermi transitions, probed by THREE measured 
radii

● New data will critically impact the measurement of V
ud

 and the 

search of new physics (BSM couplings)

Summary
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