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β decay according to Stable Diffusion

Prompt: ‘beta decay symmetry as an oil painting’ on huggingface.co 1



β decay within fundamental symmetries

Many available observables & nuclei, energy scales from eV (recoil)

to MeV (electrons, positrons)

SM has V -A structure, but more generally

Leff = −GF Ṽud√
2

{
ēγµνL · ūγµ[1− (1− 2ϵR)γ

5]d + ϵS ēνL · ūd

− ϵP ēνL · ūγ5d + ϵT ēσµννL · ūσµν(1− γ5)d

}
+ h.c.,

at the quark level (+ sterile ν)

All ϵi are proportional to (MW /ΛBSM)2, change kinematics

ϵi ≲ 10−4 → ΛBSM ≳ 15 TeV assuming natural couplings
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CKM unitarity: Current status

Signs of non-unitarity at few σ level...

Disagreement between Kl2 and Kl3 |Vus | ‘Cabibbo angle anomaly’
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CKM unitarity: Cabibbo Angle Anomaly

Signs of non-unitarity at several σ (Falkowski CKM2021)

Takeaways assuming Standard Model physics:

• Most precise Vud & Vus not consistent with unitarity

• Significant internal inconsistencies within Vus

• Taken at face value ∼ 3σ for new physics
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CKM breadth

Interesting channel for LFU & SMEFT BSM searches

GF from β decay belongs in precision electroweak fits!

Crivellin et al., PRL 125 (2020) 111801; PRL 127 (2021) 071801
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Recent changes: ∆V
R

Number of new calculations performed
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Now good convergence: uncertainty halved but about 3σ shift
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CKM unitarity: Vud precision

Four (∼)competitive channels of extracting Vud
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0 + 0 + Neutron Mirror Pion

Experiment Radiative Nuclear

Status of 0+ → 0+ great nuclear structure triumph

2018-2020 reanalysis nuclear structure current bottleneck 8



Recent changes: δNS

Nuclear medium changes nuclear response, but also spectrum

Paradigm shift in analysis, two major effects

Quasi-elastic contributions

δANS =
α

π
[−0.47± 0.14]QE

Nuclear polarization

δANS(E ) ∼ (1.6±1.6)×10−4

(
E

MeV

)
Estimated using free Fermi gas Current 0+ → 0+ bottleneck

Seng et al., PRD 100 013001
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On the radar: δC

Proton ̸= neutron inside nucleus → M2
F = 2(1− δC )

1. Configuration interaction difference initial ↔ final

2. Different radial wave function (Coulomb)

δC = δC1 + δC2

Grinyer et al., NIMA 622 (2010) 236
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Progress in nuclear ab initio theory

H. Hergert, Frontiers in Physics (2020)
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Nuclear theory impact

Major advances since last LRP, EFT come into its own

Quantifiable theory uncertainties are game-changer for precision

FS: paradigm shifts are strong driver of progress in the field

Benefit from ‘rigorous’ theory overlap at low masses (NCSM,

GFMC, QMC)

• 0+ → 0+ :10C & 14O

• Promising isotopes: 6He, 11C, . . .

to confidently go higher (CC, IM-SRG, IM-GCM, . . .)

Path forward for 0+ → 0+ Vud

12



Monte Carlo methods (Slide by Saori Pastore)

Low masses (A < 12, 14) are accessible to GFMC & QMC
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Monte Carlo methods (Slide by Saori Pastore)

Ab initio is providing bottleneck input for spectral measurements

Looking at implementing δNS for 10C
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No Core Shell Model (Slide by Michael Gennari)
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No Core Shell Model (Slide by Michael Gennari)
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No Core Shell Model (Slide by Michael Gennari)
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No Core Shell Model (Slide by Michael Gennari)

True progress!: ab initio nuclear □γW
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Going heavier: IM-SRG type methods (Slide by Heiko Hergert)

+ Coupled Cluster, . . .
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Going heavier: IM-SRG type methods (Slide by Heiko Hergert)

20



Going heavier: IM-SRG type methods (Slide by Jason Holt)
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Superallowed summary

Experimentally, Tz = −1 limited by BR (new 10C welcome)

Moving towards mature ab initio theory evaluation

Hardy & Towner PRC 102 (2020) 045501
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Highlight: Tensor constraints from 8Li
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Highlight: Made possible by theory progress

Clear need for new theory, ab initio delivered
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Power of T = 1/2 mirror decays

Mirror T = 1/2 decays are also great Vud & ϵX tool
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Cancellation in correlations gives rise to great sensitivity!

LH & Young, 2009.11364; Severijns, LH, et al., 2109.08895; Vanlangendonck et al.,

PRC 106 015506
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Mirror experimental status

Community is investi(gati)ng in different ideas

with new spectroscopy techniques & traps

St. Benedict (Notre Dame) significant campaign to extend global

data set
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New technology: CRES

Cyclotron Radiation Emission

Spectroscopy

f =
|q|
2π

B

me + Ekin

6He and 19Ne

2209.02870
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New technology: Superconducting Tunnel Junctions (Slide by Kyle

Leach)
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SALER: Superconductiong Array for Low Energy Radiation

Measure recoiling nucleus instead, and at RIB

Portability allows easy installation (FRIB, SPIRAL2, ISOLDE, . . .)
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Angular correlations @ TAMUTRAP (Slide by Dan Melconian)
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Exotic current status: complementary to LHC

Falkowski et al., JHEP 4 (2021) 126
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Neutrino mass measurements

Measuring ν mass in β/EC

Central idea: (admixture of exotic) neutrino shifts endpoint

Final sensitivity ∼ 0.2 eV/c2!

Also: Project 8, ECHo, Holmes, . . .

2105.08533
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eV-scale sterile neutrino searches

2203.08059
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Superconducting tunnel junctions (Slide by Kyle Leach)

Most precise 7Be L/K capture measurement (PRL 125 (2020) 032701)

Constraints on MeV-scale sterile neutrino’s (PRL 126 (2021) 021803)

35



Future sensitivities

β decay well-represented in eV→MeV searches

1912.03058, https://www.hep.ucl.ac.uk/∼pbolton/plots.html 36
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Looking forward

Symbiotic progress in precision experiments & ab initio theory to

continue

Re-unlock 0+ → 0+ Vud potential through collaborative theory

effort for full mass range. Already, efforts underway → promising

for next LRP

Innovative experimental techniques with very different systematics

& discovery potential play to strengths of the field

Interesting future ahead!
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Thank you

Thank you!

Slides and conversations with Alejandro Garcia, Kyle Leach, Vincenzo

Cirigliano, Emanuele Mereghetti, Dan Melconian, Saori Pastore, Andre

Walker-Loud, Heiko Hergert, Ragnar Stroberg, Jason Holt, Jon Engel,

Chien-Yeah Seng, Misha Gorchtein, Petr Navratil, Michael Gennari, . . .
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