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Introduction: BSM Searches & Forbidden 𝛽-decays

Radiative Effects

Summary

Nuclear-structure Corrections 

⟹ Forbidden

⟹ New observable: SPAM 



Weak interaction

Scalar (𝐶𝑆)

PseudoScalar (𝐶𝑃)

Vector (𝐶𝑉)

Axial-vector (𝐶𝐴)

Tensor (𝐶𝑇)

A-priori:

>> Ongoing searches for 𝐶𝑆, 𝐶𝑃, 𝐶𝑇

in precision nuclear 𝜷-decay experiments

The SM is incomplete

Experiments with nuclear β-decays

Weak SM structure:

“𝑽 − 𝑨”
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Introduction

መ𝒥 Ԧ𝑥Ƹ𝑗 Ԧ𝑥
nuclear 

current
lepton 

current

෡ℋ𝑊 ~ 𝐶 Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥



Nuclear 𝛽-decay

Formalism

electron

anti 
neutrino

neutron

proton

Beta decay, Khan Academy, cdn.kastatic.org/ka-perseus-

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

Low momentum transfer: 𝑞 ∼ 0 − 10 MeV/c
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Nuclear 𝛽-decay

parity
angular 

momentum

Formalism

electron

anti 
neutrino

neutron

proton

Beta decay, Khan Academy, cdn.kastatic.org/ka-perseus-

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

Transitions 𝐽Δ𝜋:

Low momentum transfer: 𝑞 ∼ 0 − 10 MeV/c

• Fermi (0+)

• Gamow-Teller (1+)
“Allowed”

(when 𝑞 → 0)

•All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)
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Allowed 𝛽-decay rate:

∝

1) 𝒃 =  0 ± 
𝐶𝑇

+

𝐶𝐴

2) 𝒂 = −
1

5
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Allowed decays
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Forbidden

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈

SM BSM

(E.g., Gamow-Teller)

𝐶𝐴 = 1.27 Axial vector coupling constant (SM)

𝐶𝑇
+(𝐶𝑇

−) ≲ 10−3 Tensor left (right) coupling constants (BSM), unknown

Formalism

electron

anti 
neutrino

neutron

proton

Ԧ𝛽Ԧ𝜈 𝐸e

Beta decay, Khan Academy, cdn.kastatic.org/ka-perseus-

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

𝜃

𝑎

𝑏
Naïve 

SM

BSM
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Allowed 𝛽-decay rate:

∝

1) 𝒃 =  0 ± 
𝐶𝑇

+

𝐶𝐴

2) 𝒂 = −
1

5
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

3) 𝒂𝟐 =  
1

5
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Unique forbidden decays

7

Forbidden

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

SM

AGM & Gazit, PRD 2023

BSM Predictions & Observables

for all forbidden decays

BSM

(E.g., Unique 1st-forbidden)

𝐶𝐴 = 1.27 Axial vector coupling constant (SM)

𝐶𝑇
+(𝐶𝑇

−) ≲ 10−3 Tensor left (right) coupling constants (BSM), unknown

Naïve 

SM

BSM

Formalism

electron

anti 
neutrino

neutron

proton

Ԧ𝛽Ԧ𝜈 𝐸e

Beta decay, Khan Academy, cdn.kastatic.org/ka-perseus-

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

𝜃

𝑎

𝑏
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unique 1st 

forbidden

Fig.: Journal of Physics: Conference Series 1390 (2019) 012117

allowed

allowed

144Pr: Mixed

Fig.: Morozov et al. J.Rad.Nuc.Chem.2010

unique 1st 

forbidden

unique 1st 

forbidden

90Sr, 90Y : forbidden only

Shuai, Rasco, et al., PRD 2022

Unique 1st-forbidden
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unique 1st 

forbidden

allowed

AGM 

Ohayon, Chocron, Hirsh, AGM, et al., Hyp.Int.2018

16N: Large energy separation between

       forbidden and allowed branches

Experiments

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

  

> Experiments:

AGM & Gazit, PRD 2023

⇒ Development of MTAS @ ORNL

Modular Total Absorption Spectrometer

to distinguish between decay transitions
Searches for deviations from 

the SM “V-A” structure
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𝐶𝑇
+(𝐶𝑇

−) Tensor left (right) 

coupling constants

High energy frontier Precision frontier

Mardor et al., Eur. Phys. J. A 54, 91 (2018)Lucas Taylor / CERN - http://cdsweb.cern.ch/record/628469 
© 1997-2022 CERN (License: CC-BY-SA-4.0)

LHC

TeV scale

Nuclear phenomena

𝟏𝟎−𝟑 precision level

Searches for

BSM physics
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Precision 

Naïve 

SM

BSM
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𝐶𝑇
+(𝐶𝑇

−) Tensor left (right) 

coupling constants

High energy frontier Precision frontier

Mardor et al., Eur. Phys. J. A 54, 91 (2018)Lucas Taylor / CERN - http://cdsweb.cern.ch/record/628469 
© 1997-2022 CERN (License: CC-BY-SA-4.0)

LHC

TeV scale

Nuclear phenomena

𝟏𝟎−𝟑 precision level

Searches for

BSM physics
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Requires Precision Theory – two challenges:

➢ High-order radiative effects

➢ Nuclear-structure many-body problem

Precision 

Naïve 

SM

BSM

SM??

https://doi.org/10.1140/epja/i2018-12526-2
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Radiative Effects
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Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

𝜓𝑓
෠𝐿𝐽 𝜓𝑖

2

        1 + 𝛿1

        −
2

5
1 + 𝛿𝑎

                   0 + 𝛿𝑏

12

• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)
𝐽𝑖

𝜋𝑖 → 𝐽
𝑓

𝜋𝑓

𝐽𝑖 − 𝐽𝑓 ≤ 𝐽 ≤ 𝐽𝑖 + 𝐽𝑓

Δ𝜋 = 𝜋𝑖 ⋅ 𝜋𝑓

parityangular 

momentum

Radiative➢ High-order radiative effects



• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)

Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2

13

Radiative➢ High-order radiative effects

2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −

parityangular 

momentum



• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)

Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2
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∝ 𝑞𝐽−1

𝑞→0
0

2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −

parityangular 

momentum

Radiative➢ High-order radiative effects



2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −

• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)

Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2
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parityangular 

momentum

0+ ෠𝑂𝐽
𝑊 ෠𝑄𝐽′

𝐸𝑀 2− = ෍

𝑋

0+ ෠𝑂𝐽
𝑊 𝜓𝑋 𝜓𝑋

෠𝑄𝐽′
𝐸𝑀 2−

Radiative

∝ 𝑞𝐽−1

𝑞→0
0Radiative Corrections:

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −

• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)

Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2
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parityangular 

momentum

0+ ෠𝑂𝐽
𝑊 ෠𝑄𝐽′

𝐸𝑀 2− = ෍

𝑋

0+ ෠𝑂𝐽
𝑊 𝜓𝑋 𝜓𝑋

෠𝑄𝐽′
𝐸𝑀 2−

Radiative

∝ 𝑞𝐽−1

𝑞→0
0Radiative Corrections:

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −

Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2
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parityangular 

momentum

0+ ෠𝑂𝐽
𝑊 ෠𝑄𝐽′

𝐸𝑀 2− = ෍

𝑋

0+ ෠𝑂𝐽
𝑊 𝜓𝑋 𝜓𝑋

෠𝑄𝐽′
𝐸𝑀 2−

No longer limited to 𝐽 = 2 operators

to satisfy the selection rule!

𝐽𝑋 − 0 ≤ 𝐽′ ≤ 𝐽𝑋 + 0
2 − 𝐽𝑋 ≤ 𝐽′ ≤ 2 + 𝐽𝑋

Radiative Corrections:

Radiative

∝ 𝑞𝐽−1

𝑞→0
0

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


Unique 1st-forbidden

𝑑Γ ∝ 0+ ෡𝐻𝑊 2− 2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2
0+ ෠𝑂𝐽 2− 2

18

0+ ෠𝑂𝐽
𝑊 ෠𝑄𝐽′

𝐸𝑀 2− = ෍

𝑋

0+ ෠𝑂𝐽
𝑊 𝜓𝑋 𝜓𝑋

෠𝑄𝐽′
𝐸𝑀 2−

No longer limited to 𝐽 = 2 operators

to satisfy the selection rule!

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

2− → 0+ 
2 − 0 ≤ 𝐽 ≤ 2 + 0

Δ𝜋 = −
interference

parityangular 

momentum

Radiative

∝ 𝑞𝐽−1

𝑞→0
0Radiative Corrections:

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


No decay @ 𝒒 → 𝟎

Ayala Glick-Magid19

Unique Forbidden decays

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

Forbidden

90Sr → 90Y 

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


Ayala Glick-Magid20

Unique Forbidden decays

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

Forbidden

90Sr → 90Y No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, HUJI, SOREQ (FRIB?)

New possibilities with MTAS @ORNL 

Spectrum is sensitive to: 
Exotic Weak Interactions 
 Light New Physics

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, CEA Saclay, HUJI, SOREQ

 New possibilities with MTAS @ORNL 

Spectrum is sensitive to: 
 Exotic Weak Interactions
 Light New Physics

Ayala Glick-Magid21

Unique Forbidden decays: Summary & Outlook

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

Summary

90Sr → 90Y 

The new radiative regime:

→ Beyond 𝒒→𝟎 power counting 

→ With nuclear matrix elements

→ Light new physics possibilities
Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805


No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, CEA Saclay, HUJI, SOREQ

 New possibilities with MTAS @ORNL 

Spectrum is sensitive to: 
 Exotic Weak Interactions
 Light New Physics

➢ High-order radiative effects

➢ Nuclear-structure many-body problem

22

Unique Forbidden decays:

Summary

90Sr → 90Y 

➢ High-order radiative effects

Naïve 

SM

BSM

SM??



Nuclear Structure 

Corrections

23



𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

       1 + 𝛿1

            0 + 𝛿𝑏 

         −
1

5
1 + 𝛿𝑎

           
1

5
1 + 𝛿𝑎2

 𝛿1 = 𝑓1
𝜓𝑓 ෡𝑀J

𝑉 𝜓𝑖

𝜓𝑓 ෠𝐿J
𝐴 𝜓𝑖

,
𝜓𝑓 መ𝐶J

𝐴 𝜓𝑖

𝜓𝑓 ෠𝐿J
𝐴 𝜓𝑖

+ 𝒪 𝜖𝑞𝑟
2 , 𝜖𝑐

2

Accuracy: Nuclear structure corrections

𝛿𝑎 = 𝑓𝑎

General Theory –

for any transition

& nucleus
𝛿𝑏 = 𝑓𝑏

~ 𝜖NR𝜖𝑞𝑟 ~10−2 ~ 10−4

AGM & Gazit, J.Phys.G 2022

Identifying Small Parameters

𝜖NR ~ 𝑃fermi
𝑚𝑁

≈ 2 ⋅ 10−1

𝜖EFT ~ 1 ⋅ 10−1

𝜖𝑞𝑟 ~ 𝑞𝑅 ≈ 5 ⋅ 10−2

𝜖𝑐 ~ 𝛼𝑍𝑓 ≈ 2 ⋅ 10−2

𝜖recoil ~
𝑞

𝑚𝑁
≈ 4 ⋅ 10−3

Multipole Expansion

24

Uncertainty 

Quantification

➢ Nuclear-structure many-body problem

Multipole operator's matrix elements 

between the nuclear states

SM 

correction

SM 

correction
SM

SM

SM 

correctionSM

SM 

correctionSM

https://iopscience.iop.org/article/10.1088/1361-6471/ac7edc/meta
https://iopscience.iop.org/article/10.1088/1361-6471/ac7edc/meta
https://iopscience.iop.org/article/10.1088/1361-6471/ac7edc/meta


𝜓𝑓 𝜓𝑖

Nuclear matrix elements
Ab initio NCSM 

𝜓𝑓
෠𝑂𝐽 𝜓𝑖

෠𝑂𝐽
Nuclear wave functions Multipole operators

Nuclear currents
1b currents

eff. 2b currents

መ𝒥 Ԧ𝑥

Observables’ corrections

Nuclear Hamiltonian

χEFT @NN-N4(3)LO
              +3Nlnl(E7)

෡𝐻

16N
𝛽−

16O forbidden decay 

𝛿1, 𝛿𝑏, 𝛿𝑎, 𝛿𝑎2

unique 1st forbidden

➢ Nuclear-structure many-body problem

In prep. with:

Christian Forssén
Lotta Jokiniemi

Petr Navrátil
Daniel Gazda
Doron Gazit

25

∝ 𝑞 2



Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

➢ Nuclear-structure many-body problem

The known corrections:

 Weak Magnetism 𝑴𝟐
𝑽 (~ Holstein’s b)

 Induced Tensor 𝑪𝟐
𝑨 (~ Holstein’s d)

16N → 16O forbidden spectrum

𝚫𝑬C

𝑬𝑨′
     

       ~ 𝟏𝟎−𝟑
𝑬𝑨′

𝚫𝑬C

𝚫𝑬C𝚫𝑬C

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%
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Leading Order: 𝑳𝟐
𝑨 𝟎

 (~ Holstein’s c)



Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

➢ Nuclear-structure many-body problem

16N → 16O forbidden spectrum

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%
The known corrections:

 Weak Magnetism 𝑴𝟐
𝑽 (~ Holstein’s b) 

 Induced Tensor 𝑪𝟐
𝑨 (~ Holstein’s d)

 𝑪𝟐
𝑨 ∝ 𝑬𝟎 + 𝜟𝑬𝒄

   Coulomb Displacement Energy!
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Leading Order: 𝑳𝟐
𝑨 𝟎

 (~ Holstein’s c)



Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

➢ Nuclear-structure many-body problem

16N → 16O forbidden spectrum

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%
The known corrections:

 Weak Magnetism 𝑴𝟐
𝑽 (~ Holstein’s b) 

 Induced Tensor 𝑪𝟐
𝑨 (~ Holstein’s d)

 𝑪𝟐
𝑨 ∝ 𝑬𝟎 + 𝜟𝑬𝒄

   Coulomb Displacement Energy!

 𝑬𝟐
𝑨 ∝ 𝑳𝟐

𝑨 + 𝒪 𝜖𝑞𝑟
2

        𝑬𝟐
𝑨′

~ 𝟏𝟎−𝟑
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Leading Order: 𝑳𝟐
𝑨 𝟎

 (~ Holstein’s c)



Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

➢ Nuclear-structure many-body problem

The known corrections:

 Weak Magnetism 𝑴𝟐
𝑽 (~ Holstein’s b) 

 Induced Tensor 𝑪𝟐
𝑨 (~ Holstein’s d)

 𝑪𝟐
𝑨 ∝ 𝑬𝟎 + 𝜟𝑬𝒄

   Coulomb Displacement Energy!

 𝑬𝟐
𝑨 ∝ 𝑳𝟐

𝑨 + 𝒪 𝜖𝑞𝑟
2

        𝑬𝟐
𝑨′

~ 𝟏𝟎−𝟑

 𝑳𝟐
𝑨 ∝ 𝑳𝟐

𝑨 𝟎
+ 𝑳𝟐

𝑨 𝟏
 +𝒪 𝜖𝑞𝑟

4

16N → 16O forbidden spectrum

Leading Order: 𝑳𝟐
𝑨 𝟎

 (~ Holstein’s c)

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%



Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

➢ Nuclear-structure many-body problem

16N → 16O forbidden spectrum

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%
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 Well-known WM 𝑴𝟐
𝑽 & 𝑪𝟐

𝑨

are relatively small

 Dominant Coulomb correction 𝜟𝑬𝒄

 Higher-order axial corrections

𝑬𝟐
𝑨′

 & 𝑳𝟐
𝑨 𝟏  are the dominant

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2



➢ Nuclear-structure many-body problem

16N → 16O forbidden spectrum

Still finalizing 

uncertainties

𝚫
𝑬

C

𝚫
𝑬

C

𝑬𝟐
𝑨′

𝑳𝟐
𝑨 𝟏

𝑴𝟐
𝑽

𝑪𝟐
𝑨

𝚫
𝑬

C

%
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 Well-known WM 𝑴𝟐
𝑽 & 𝑪𝟐

𝑨

are relatively small

 Dominant Coulomb correction 𝜟𝑬𝒄

 Higher-order axial corrections

𝑬𝟐
𝑨′

 & 𝑳𝟐
𝑨 𝟏  are the dominant

 𝒃’s structure corrections are different:

 Not affected by the dominant higher-

order axial contributions 𝑬𝟐
𝑨′

 & 𝑳𝟐
𝑨 𝟏

 Suppressed Coulomb correction 𝑪𝟐
𝑨

 leaving only the weak magnetism 𝑴𝟐
𝑽

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2



 Well-known WM 𝑴𝟐
𝑽 & 𝑪𝟐

𝑨

are relatively small

 Dominant Coulomb correction 𝜟𝑬𝒄

 Higher-order axial corrections

𝑬𝟐
𝑨′

 & 𝑳𝟐
𝑨 𝟏  are the dominant

 𝒃’s structure corrections are different:

 Not affected by the dominant higher-

order axial contributions 𝑬𝟐
𝑨′

 & 𝑳𝟐
𝑨 𝟏

 Suppressed Coulomb correction 𝑪𝟐
𝑨

 leaving only the weak magnetism 𝑴𝟐
𝑽

➢ Nuclear-structure many-body problem

32

16N → 16O forbidden spectrum

%

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2



➢ Nuclear-structure many-body problem

33

16N → 16O forbidden spectrum

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

 Corrections are smaller near the spectral 

maximum ("peak")

 LO spectrum is symmetric around the peak

 BSM 𝒃 produces an energy distortion ∝
𝑚𝑒

𝐸𝑒

 Corrections (but 𝑴𝟐
𝑽) are independent of 𝐸𝑒

%



➢ Nuclear-structure many-body problem

34

16N → 16O forbidden spectrum

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝒃

𝑚𝑒

𝐸𝑒
+ 𝒂 Ԧ𝛽 ⋅ Ƹ𝜈 + 𝒂𝟐 𝛽2 − መ𝛽 ⋅ Ƹ𝜈

2

 Corrections are smaller near the spectral 

maximum ("peak")

 LO spectrum is symmetric around the peak

 BSM 𝒃 produces an energy distortion ∝
𝑚𝑒

𝐸𝑒

 Corrections (but 𝑴𝟐
𝑽) are independent of 𝐸𝑒

%%
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%

Fold the 
spectrum
Fold the 
spectrum
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Extract 𝑴𝟐
𝑽 from

higher spectrum

Fold the 
spectrum
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 Extract 𝑴𝟐
𝑽 from higher

spectrum (6-9 MeV)

 Compare counts between

2 symmetric areas

 Diff. > SM diff.

=> BSM

Spectrum Peak 

Asymmetry 

Method (SPAM)
Fold the 
spectrum



 Extract 𝑴𝟐
𝑽 from higher

spectrum (6-9 MeV)

 Compare counts between

2 symmetric areas

 Diff. > SM diff.

=> BSM

 Optimize the areas

for effect vs. noise

38

Spectrum Peak 

Asymmetry 

Method (SPAM)
Fold the 
spectrum



Spectrum Peak Asymmetry Method (SPAM)

5σ

2σ

SARAF2 @ SOREQ
39



➢ High-order quantum effects:

➢ Nuclear-structure corrections:

1
– 

Radiative corrections 

for the first time

Not Forbidden

Summary:
Unique Forbidden 𝜷-decays

Observables vs. 

(new) corrections

New highly 

sensitive 

observable

No decay @ 𝒒 → 𝟎

Spectrum is sensitive to: 
 Light New Physics
 SPAM for Tensor Weak Interactions

Experiments
@ ORNL, CEA Saclay, HUJI, SOREQ

 New possibilities with MTAS @ORNL 

Precision theory – 2 challenges:

➢ High-order quantum effects

➢ Nuclear-structure corrections

➢ Outlook: Combining!
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𝑝 ത𝑢𝜎𝜇𝜈𝑑 𝑛 ≈ 𝑔𝑇 ത𝑢𝑝𝜎𝜇𝜈𝑢𝑛

  𝑔𝑉 = 1

M. Gonzalez-Alonso et al., PPNP 104 165-223 (2019)

> Same nuclear charges for SM & BSM

𝐶sym ~ 𝑔sym 𝜖sym
Nuclear charges

(Nuclear currents: 

Required accuracy

43

෡ℋ𝑊 ~ 𝐶sym Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

Nuclear

current
Lepton

current

Precision 



Required accuracy

Low energy effective Lagrangian:

ℒ𝑢𝑑𝑒𝜈
eff = 𝜖𝑇 ҧ𝑒𝜎𝜇𝜈𝜈𝑒 ⋅ ത𝑢𝜎𝜇𝜈𝑑 + ⋯

𝜖sym ∝
𝑀𝑊

Λ

𝑛

𝑛 = 0 for sym in SM
𝑛 ≥ 2 for sym ≠ SMThe effective theory’s cutoff

⟷  New physics scale

Effective theory’s coefficients

(Weak interaction)

𝐶sym ~ 𝑔sym 𝜖sym
Nuclear charges

(Nuclear currents) 
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෡ℋ𝑊 ~ 𝐶sym Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

Nuclear

current
Lepton

current

𝑀𝑊 ≈ 80 GeV

Precision 



Required accuracy

Low energy effective Lagrangian:

ℒ𝑢𝑑𝑒𝜈
eff = 𝜖𝑇 ҧ𝑒𝜎𝜇𝜈𝜈𝑒 ⋅ ത𝑢𝜎𝜇𝜈𝑑 + ⋯

𝜖sym ∝
𝑀𝑊

Λ

𝑛

For the simplest BSM operator (𝑛 = 2): TeV ⟷ 𝐶sym ~ 𝜖sym~10−3

New experiments will have a 10−3 level of precision

 Sensitive to new physics at the TeV scale

𝑛 = 0 for sym in SM
𝑛 ≥ 2 for sym ≠ SMThe effective theory’s cutoff

⟷  New physics scale

Effective theory’s coefficients

(Weak interaction)

𝐶sym ~ 𝑔sym 𝜖sym
Nuclear charges

(Nuclear currents) 
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෡ℋ𝑊 ~ 𝐶sym Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

Nuclear

current
Lepton

current

𝑀𝑊 ≈ 80 GeV

Precision 



Ayala Glick-Magid46

16N

Forbidden

90Sr → 90Y 

Seng, AGM, Cirigliano, PRL 2025

➢ High-order radiative effects

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
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