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• Shell-Model Formalism for isospin-symmetry breaking correction δC

• Upgrades and results from the Shell Model + WS wave functions 

• New results from the Shell Model + Hartree-Fock wave functions 

• Higher-order terms in δC

• Conclusions and perspectives

L. Xayavong, N. Smirnova,  Phys. Rev. C109, 014317 (2024)

L. Xayavong, N. Smirnova,  Phys. Rev. C105, 044308 (2022)

L. Xayavong, N. Smirnova,  Phys. Rev. C97, 024324 (2018)



Fundamental interactions studies

Nuclear Matrix 
elements are 

needed !



|Vud| from pion, nucleon and nuclear beta decay

▪ Superallowed nuclear 0+ -> 0+ beta decay     (nuclear structure effects)

▪ Mirror transitions (F/GT ratio, nuclear structure effects)

▪ Neutron decay (Lifetime)

▪ Pion decay (Branching ratio)



Superallowed 0+ → 0+ beta decay

Talks by B. Blank and B.Rebeiro



Superallowed 0+ → 0+ beta decay

Talks by L. Hayen and M. Drissi



Isospin-symmetry breaking correction 

SM-WS : Towner, Hardy (2015)
SM-HF : Ormand, Brown (1989, 1995)
RHF-RP : Liang et al (2009)
SV/SHZ2-DFT : Satula et al (2012)
IVMR : Auerbach (2009) Hardy, Towner (2020)

CVC test

Towner, Hardy 

PRC82 (2010)



Shell model (full configuration-interaction approach)

Resolution of the nuclear many-body problem by Hamiltonian matrix diagonalization

Avantages of the theoretical approach: 

❑ Conservation of symmetries of the full Hamiltonian (rotational, translation invariance, parity, particle number, etc)
❑ Precise information on low-energy states and transitions
❑ Excellent description with appropriate interactions and in a suitable model space

Challenges : 
❑ Basis dimensions ! 
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Fermi matrix element within the shell model

Miller, Schwenk
PRC (2009,2010):
Radial excitations !



Fermi matrix element within the shell model



Shell-model calculations



Shell-model evaluation of δC1

Preliminary !



Shell-model evaluation of δC2 beyond the closure approximation

Experimental information on
Relevant spectroscopic
Factors is highly desirable !



Shell-model + Woods-Saxon evaluation of δC2
L. Xayavong, PhD thesis, U. Bordeaux (2016)

L. Xayavong, N. Smirnova, Phys. Rev. C97, 024324 (2018)



WS Adjustment

L. Xayavong, PhD thesis, U. Bordeaux (2016)



Shell-model + Woods-Saxon evaluation of δC2 and δC

Preliminary !

N. Smirnova,  L. Xayavong, Proc. NTSE2018.

Uncertainties are mainly due to the charge 
radii uncertainties !



Shell Model + Hartree-Fock radial wave functions for δC2



Shell Model + Hartree-Fock radial wave functions for δC2

Post HF effects  to be considered!



Consistency tests

Test of the CVC hypothesis for δC (as was proposed by J.C. Hardy, I. S. Towner, PRC82, 065501 (2010)):

10C, 14O, 22Mg, 26mAl, 26Si, 34Cl, 34Ar, 38mK, 38Ca, 42Sc, 46V, 50Mn, 54Co, 62Ga, ( 74Rb)

❑ ΔR , δR , δNS Radiative corrections are kept the same

Towner, Hardy (2020)

This work (WS)

This work (HF)

ℱ𝑡 = 1 + δ𝑅 1 + δ𝑁𝑆 − δ𝐶 𝑓𝑡 =
𝐾

𝑀0
2𝐺𝐹

2|𝑉𝑢𝑑|
2 1 + ∆𝑅

ℱ𝑡 = 3072.24 ± 0.57 𝑠𝑒𝑐 χ2/ν= 0.47

ℱ𝑡 = 3074.81 ± 0.93 𝑠𝑒𝑐

ℱ𝑡 = 3073.19 ± 0.71 𝑠𝑒𝑐 χ2/ν= 1.65

χ2/ν= 2.96

Preliminary !



Consistency tests

Test of the mirror ratio for triplets

26mAl, 26Si, 34Cl, 34Ar,   38mK, 38Ca, 42Sc, 42Ti, 46V, 46Cr,  50Mn,50Fe, 54Co, 54Ni 

𝑓𝑡𝑎

𝑓𝑡𝑏
= 1 + 𝛿𝑅

𝑎 − 𝛿𝑅
𝑏 + 𝛿𝑁𝑆

𝑎 − 𝛿𝑁𝑆
𝑏 + 𝛿𝐶

𝑎 − 𝛿𝐶
𝑏

Preliminary !



Test of the separation ansatz of the isospin-symmetry breaking correction

N. Smirnova,  L. Xayavong, Proc. NTSE2018.

δC is compared to δC1 + δC2



Higher-order terms of the isospin-symmetry breaking correction

LO

LO

NLO

NLO

N2LO

N3LO

These terms have 
similar structure when 
expressed beyond 
the closure 
approximation!



Higher-order terms of the isospin-symmetry breaking correction

L. Xayavong, N. Smirnova,  Phys. Rev. C109, 014317 (2024)

70Br

74Rb

δC3~δC1/2

negligible

δC3~δC1/2

From L. Xayavong



Nuclear-structure correction to Fermi β decay

Results :
❑ Large-scale calculations with global WS parametrization lead to

the results similar to those of Towner and Hardy (2015, 2020) 

❑ New calculations with the Skyrme HF wave functions + numerous effects checked. Conclusion: 
importance of CSB/CIB terms, of elimination of spurious isospin mixing and post-HF effects

❑ Higher-order terms in the correction are identified and assessed

Perspectives :
❑ The issue of the exact Fermi operator to be investigated via ab-initio methods (L. Xayavong et al, in 

progress)

❑ High-dimensions and heavier nuclei (near A=80)

❑ Improved charge-dependent interactions

❑ Mirror decays (T=1/2) 



BACK-UP SLIDES



WS Non-adjusted !



WS Adjusted !



WS and HF  Non-adjusted ! WS and HF Adjusted !



Nuclei along N=Z line:  isospin-symmetry breaking 
Isospin non-conserving Hamiltonian

(Coulomb + effective charge-dependent components)
𝐻𝐼𝑁𝐶 = 𝐻0 + 𝑉𝑟𝑒𝑠 + 𝑉𝐶𝐷

𝑀 𝜂, 𝑇, 𝑇𝑧 = 𝑎 𝜂, 𝑇 + 𝑏 𝜂, 𝑇 𝑇𝑧 + 𝑐 𝜂, 𝑇 𝑇𝑧
2

Isospin-symmetry limit
Realistic situation

From IMSRG, Martin et al (2021)



IMME b and c coefficients of lowest and excited multiplets

Fine structure (staggering) of b and c 
coefficients

Importance : 
❑ Prediction of masses and excited levels

in proton-rich nuclei, e.g. if Tz>0 :

❑ Particular case of triplets :

𝑀𝑇𝑧 = 𝑎 + 𝑏𝑇𝑧 + 𝑐𝑇𝑧
2

𝑀−𝑇𝑧 = 𝑀𝑇𝑧

𝑒𝑥𝑝
+ 2𝑏𝑡ℎ𝑇𝑧

𝑀−1 = 2𝑀0
𝑒𝑥𝑝

−𝑀1
𝑒𝑥𝑝

+ 2𝑐𝑡ℎ

Important for nuclear astrophysics applications!

Experiment

TheoryExperiment

Theory


