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Astronomical frontier

Searches for BSM physics
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Cost-effective alternative for discovering New Physics
Requires precision theory – two challenges:

➢ Nuclear-structure many-body problem

➢ High-order quantum effects
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Introduction: BSM Searches & Forbidden 𝛽-decays

Nuclear-structure many-body problem

High-order quantum effects

Summary

=> Forbidden
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Bonus: allowed



Weak interaction

Low energy reaction of

leptons with nucleons

መ𝒥 Ԧ𝑥Ƹ𝑗 Ԧ𝑥
nuclear 

current

lepton 

current

Scalar (𝐶𝑆)

PseudoScalar (𝐶𝑃)

Vector (𝐶𝑉)

Axial vector (𝐶𝐴)

Tensor (𝐶𝑇)

෡ℋ𝑊 ~ 𝐶 Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

A-priori:

Experiment: C.S. Wu:
Parity violation in nuclear β-decays

⇒ Weak SM structure: “𝑽 − 𝑨”

Weak Interaction

Theory: C.N. Yang and T.D. Lee (Nobel 1957)
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Weak interaction

Low energy reaction of

leptons with nucleons

መ𝒥 Ԧ𝑥Ƹ𝑗 Ԧ𝑥
nuclear 

current

lepton 

current

Scalar (𝐶𝑆)

PseudoScalar (𝐶𝑃)

Vector (𝐶𝑉)

Axial vector (𝐶𝐴)

Tensor (𝐶𝑇)

෡ℋ𝑊 ~ 𝐶 Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

A-priori: The SM is incomplete

>> Ongoing searches for 𝐶𝑆, 𝐶𝑃, 𝐶𝑇

in precision nuclear 𝜷-decay experiments

Experiment: C.S. Wu:
Parity violation in nuclear β-decays

⇒ Weak SM structure: “𝑽 − 𝑨”

Theory: C.N. Yang and T.D. Lee (Nobel 1957)
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Weak Interaction



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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Weak Interaction

https://cdn.kastatic.org/ka-perseus-images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg
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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

• 0+: Fermi

• 1+: Gamow-Teller
“Allowed”

(when 𝑞 → 0)

• All the rest (𝐽Δ𝜋)
“Forbidden” 

(vanish for 𝑞 → 0)
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Weak Interaction
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Formalism

electron

anti 
neutrino

neutron

proton

Nuclear 𝛽-decay

 Allowed 𝛽-decay rate:

∝  1 + 𝑎𝛽𝜈
Ԧ𝛽 ⋅ Ƹ𝜈 + 𝑏F

𝑚𝑒

𝐸
𝜓𝑓

෠𝐿𝐽 𝜓𝑖
2

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2

Observables

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

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg
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Weak Interaction
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Nuclear 𝛽-decay

 Allowed 𝛽-decay rate:

∝  1 + 𝑎𝛽𝜈
Ԧ𝛽 ⋅ Ƹ𝜈 + 𝑏F

𝑚𝑒

𝐸
𝜓𝑓

෠𝐿𝐽 𝜓𝑖
2

1) Angular correlation: 𝑎𝛽𝜈 = −
1

3
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Quadratic in the tensor coupling constants 

-energy spectrum:
Vanishes for right-handed neutrinos (𝐶𝑇 = −𝐶𝑇

′ )

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2

𝐶𝐴 = 1.27 Axial vector coupling constant (SM)

𝐶𝑇
+(𝐶𝑇

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

BSMSM

Formalism

electron

anti 
neutrino

neutron

proton

𝜖𝑇

Ԧ𝛽Ԧ𝜈

𝜃

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

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

Measurements (e.g., Gamow-Teller): 
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Formalism

electron

anti 
neutrino

neutron

proton

Nuclear 𝛽-decay

 Allowed 𝛽-decay rate:

∝  1 + 𝑎𝛽𝜈
Ԧ𝛽 ⋅ Ƹ𝜈 + 𝑏F

𝑚𝑒

𝐸
𝜓𝑓

෠𝐿𝐽 𝜓𝑖
2

1) Angular correlation: 𝑎𝛽𝜈 = −
1

3
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Quadratic in the tensor coupling constants 

2) Energy spectrum: Fierz term 𝑏F
𝛽∓

= 0 ±
𝐶𝑇

+

𝐶𝐴
 Linear in 𝐶𝑇

+

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2

𝐶𝐴 = 1.27 Axial vector coupling constant (SM)

𝐶𝑇
+(𝐶𝑇

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

BSM

𝜖𝑇

SM

SM
Ԧ𝛽Ԧ𝜈

𝜃

𝐸

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

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

electron’s 

mass,

energy

Measurements (e.g., Gamow-Teller): 
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Observables

Weak Interaction

BSM
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Nuclear 𝛽-decay

 Allowed 𝛽-decay rate:

∝  1 + 𝑎𝛽𝜈
Ԧ𝛽 ⋅ Ƹ𝜈 + 𝑏F

𝑚𝑒

𝐸
𝜓𝑓

෠𝐿𝐽 𝜓𝑖
2

1) Angular correlation: 𝑎𝛽𝜈 = −
1

3
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Quadratic in the tensor coupling constants 

2) Energy spectrum: Fierz term 𝑏F
𝛽∓

= 0 ±
𝐶𝑇

+

𝐶𝐴
 Linear in 𝐶𝑇

+

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
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−) ≲ 10−3 Tensor left (right) coupling constants (BSM), unknown

BSM

Formalism

electron

anti 
neutrino

neutron

proton

𝜖𝑇

SM

BSM
SM

Ԧ𝛽Ԧ𝜈

𝜃

𝐸

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

images/8d978444f15f9bbc3bcadb0549816bc7e264b977.svg

electron’s 

mass,

energy

Measurements (e.g., Gamow-Teller): 
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Observables

Weak Interaction

 Sensitive to right-handed neutrinos 𝐶𝑇
−
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Nuclear 𝛽-decay

 Allowed 𝛽-decay rate:

∝  1 + 𝑎𝛽𝜈
Ԧ𝛽 ⋅ Ƹ𝜈 + 𝑏F

𝑚𝑒

𝐸
𝜓𝑓

෠𝐿𝐽 𝜓𝑖
2

1) Angular correlation: 𝑎𝛽𝜈 = −
1

3
1 −

𝐶𝑇
+ 2

+ 𝐶𝑇
− 2

4 𝐶𝐴
2

Quadratic in the tensor coupling constants 

2) Energy spectrum: Fierz term 𝑏F
𝛽∓

= 0 ±
𝐶𝑇

+

𝐶𝐴
 Linear in 𝐶𝑇

+

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2

𝐶𝐴 = 1.27 Axial vector coupling constant (SM)

𝐶𝑇
+(𝐶𝑇

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

BSM

𝜖𝑇

SM

BSM
SM

electron’s 

mass,

energy

 Sensitive to right-handed neutrinos 𝐶𝑇
−

Measurements (e.g., Gamow-Teller): Naïve 

SM

BSM

Searches for deviations from the SM “V-A” structure
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Observables

Weak Interaction

Bonus slides:
Alejandro Garcia (He6-CRES)



Unique 1st-forbidden decays

13

BSM Predictions & Observables 

for forbidden decays

for the first time

AGM & Gazit, PRD 2023

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈

2
+ 𝑏𝐹

𝑚𝑒

𝜖

  The 𝜷-energy spectrum is sensitive to both 𝒂𝜷𝝂 & 𝒃𝑭

Linear in the BSM signature

Still sensitive to right-handed coupling

     Ongoing Experiments
Naïve 

SM

BSM

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075031


AGM 

Unique 1st-forbidden decays
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AGM et al, PLB 2017

AGM & Gazit, PRD 2023

BSM Predictions & Observables 

for forbidden decays

for the first time
𝑑Γ ∝ 𝜓𝑓

෡𝐻𝑊 𝜓𝑖
2

∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈
2

+ 𝑏𝐹
𝑚𝑒

𝜖

  The 𝜷-energy spectrum is sensitive to both 𝒂𝜷𝝂 & 𝒃𝑭

 Linear in the BSM signature (𝒃𝑭)

 Still sensitive to right-handed coupling (𝒂𝜷𝝂)

Naïve 

SM

BSM

PhysLettB, 767,285-288
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075031


unique 1st 

forbidden

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

90Sr, 90Y :

forbidden only

Unique 1st-forbidden decays
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unique 1st 

forbidden

AGM et al, PLB 2017

AGM & Gazit, PRD 2023

AGM 

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

BSM Predictions & Observables 

for forbidden decays

for the first time
𝑑Γ ∝ 𝜓𝑓

෡𝐻𝑊 𝜓𝑖
2

∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈
2

+ 𝑏𝐹
𝑚𝑒

𝜖

  The 𝜷-energy spectrum is sensitive to both 𝒂𝜷𝝂 & 𝒃𝑭

 Linear in the BSM signature (𝒃𝑭)

 Still sensitive to right-handed coupling (𝒂𝜷𝝂)

     Ongoing Experiments

unique 1st 

forbidden

allowed

16N: Large energy separation between 

forbidden and allowed branches

Naïve 

SM

BSM

https://link.springer.com/journal/10967
PhysLettB, 767,285-288
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075031
https://link.springer.com/article/10.1007/s10751-018-1535-x


unique 1st 

forbidden

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

90Sr, 90Y :

forbidden only

Unique 1st-forbidden decays

16

unique 1st 

forbidden

unique 1st 

forbidden

unique 1st 

forbidden

allowed

16N: Large energy separation between 

forbidden and allowed branches

AGM et al, PLB 2017

AGM & Gazit, PRD 2023

AGM 

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

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈

2
+ 𝑏𝐹

𝑚𝑒

𝜖

  The 𝜷-energy spectrum is sensitive to both 𝒂𝜷𝝂 & 𝒃𝑭

 Linear in the BSM signature (𝒃𝑭)

 Still sensitive to right-handed coupling (𝒂𝜷𝝂)

     Ongoing Experiments

⇒ Development of MTAS @ ORNL

Modular Total Absorption Spectrometer

to distinguish between decay transitions

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

BSM Predictions & Observables 

for forbidden decays

for the first time

allowed

allowed

Shuai, Rasco, et al., PRD 2022

https://link.springer.com/journal/10967
PhysLettB, 767,285-288
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075031
https://link.springer.com/article/10.1007/s10751-018-1535-x
https://link.springer.com/article/10.1007/s10751-018-1535-x
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075031


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
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෡ℋ𝑊 ~ 𝐶sym Ƹ𝑗 Ԧ𝑥 ⋅ መ𝒥 Ԧ𝑥

Nuclear

current
Lepton

current

Weak Interaction



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

Weak Interaction



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

Weak Interaction
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Accuracy: Nuclear structure corrections

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈

2
+ 𝑏𝐹

𝑚𝑒

𝜖

𝜓𝑓
෠𝐿𝐽 𝜓𝑖

2

        1 + 𝛿1

        −
2

5
1 + 𝛿𝑎

                   0 + 𝛿𝑏

AGM & Gazit, J.Phys.G 202221

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

➢ Nuclear-structure many-body problem

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


Accuracy: Nuclear structure corrections

𝑑Γ ∝ 𝜓𝑓
෡𝐻𝑊 𝜓𝑖

2
∝ 1 + 𝑎𝛽𝜈 1 − መ𝛽 ⋅ Ƹ𝜈

2
+ 𝑏𝐹

𝑚𝑒

𝜖

𝜓𝑓
෠𝐿𝐽 𝜓𝑖

2

        1 + 𝛿1

        −
1

5
1 + 𝛿𝑎

                   0 + 𝛿𝑏

 𝛿1 = 𝑓1
𝜓𝑓 መ𝐶J

𝐴 𝜓𝑖

𝜓𝑓 ෠𝐿J
𝐴 𝜓𝑖

,
𝜓𝑓 ෡𝑀J

𝑉 𝜓𝑖

𝜓𝑓 ෠𝐿J
𝐴 𝜓𝑖

+ 𝒪
𝜖𝑞𝑟

2

15
, 𝜖𝑐

2

Fierz 

term

𝛿𝑎 = 𝑓𝑎

SM 

correctionSM

𝛿𝑏 = 𝑓𝑏

AGM & Gazit, J.Phys.G 202222

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

➢ Nuclear-structure many-body problem

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


Accuracy: Nuclear structure corrections
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Unique Forbidden decays

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

90Sr → 90Y 

➢ High-order quantum effects

1
– 

Seng, AGM, Cirigliano, PRL 2025

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

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

➢ High-order quantum effects

No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, HUJI, SOREQ (FRIB?)

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

Seng, AGM, Cirigliano, PRL 2025

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.081805
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@ ORNL, HUJI, SOREQ (FRIB?)

Spectrum is sensitive to: 
 Exotic Weak Interactions
 Right-handed New Physics
 Light New Physics
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Unique Forbidden decays

𝑑Γ ∝ 𝑓0𝑞0 + 𝑓1𝑞1 + 𝑓2𝑞2

➢ High-order quantum effects

Seng, AGM, Cirigliano, PRL 2025

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


➢ Nuclear-structure corrections

Structure Corrections

for the first time

➢ High-order quantum effects

No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, HUJI, SOREQ (FRIB?)

Spectrum is sensitive to: 
 Exotic Weak Interactions
 Right-handed New Physics
 Light New Physics
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Summary:
Forbidden 𝜷-decays

1
– 

Not Forbidden

Radiative corrections 

for the first time

Requires precision theory – 2 challenges:

➢ High-order quantum effects

➢ Nuclear-structure corrections

16N: finalizing

       uncertainties



➢ Nuclear-structure corrections

Structure Corrections

for the first time

➢ High-order quantum effects

No decay @ 𝒒 → 𝟎

Experiments
@ ORNL, HUJI, SOREQ (FRIB?)

Spectrum is sensitive to: 
 Exotic Weak Interactions
 Right-handed New Physics
 Light New Physics
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Requires precision theory – 2 challenges:

➢ High-order quantum effects

➢ Nuclear-structure corrections

➢ Outlook: Combining!

Summary:
Forbidden 𝜷-decays

1
– 

Not Forbidden

The new radiative regime:

→ All radiative diagrams

→ With nuclear matrix elements

→ Operators hierarchy

→ Light new physics possibilities

Radiative corrections 

for the first time

90Sr, 90Y: ongoing with Lotta Jokiniemi & Jason Holt

16N: finalizing

       uncertainties



Alejandro Garcia

Bonus: He6-CRES (allowed)
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He6-CRES – Scientific Motivation

He6-CRES

Chirality-flipping interactions in beta decays

ℒ𝐶𝐶 = − 2𝐺𝐹
0𝑉𝑢𝑑  ቂ ҧ𝑒𝐿𝛾𝜇𝜈𝑒

𝐿  ∙ ത𝑢𝐿𝛾𝜇𝑑𝐿 

 +𝝐𝑺 ҧ𝑒𝑅𝜈𝑒
𝐿 ∙ ത𝑢𝑑

 ൧+𝝐𝑻 ҧ𝑒𝑅𝜎𝜇𝜈𝜈𝑒
𝐿 ∙ ത𝑢𝑅𝜎𝜇𝜈𝑑𝐿

𝑑𝑁

𝑑𝐸
=

𝑑𝑁

𝑑𝐸
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

1 + 𝑏
𝑚

𝐸

`Fierz interference’

Many models of new physics 
naturally predict 𝝐𝑺, 𝝐𝑻 ≠ 0.

6He decay

𝑏 ≈ ቊ
±8𝝐𝑻/𝑔𝐴 for GT
±𝝐𝑺 for Fermi

distortion 
due to Fierz 
interference

Phys. Rev. Lett. 131, 082502 (2023)
New J. Phys. 26, 083021 (2024)

+: electron
−: positron

Charge Conj. 
Symmetry

Alejandro Garcia44



He6-CRES – Measurement basics

Beta decay in magnetic field 
measure cyclotron freq, 
extract energy 𝐸

Ratios of counts enhance signal, 
cancel systematic uncertainties

Example (assume 𝝐𝑺 = 0 for simplicity):

𝑁 19Ne ∝ 1 − 𝜀𝑇  𝑘1 𝑚/𝐸

𝑁 6He ∝ 1 + 𝜀𝑇  𝑘2 𝑚/𝐸6He (𝛽−), 14O (𝛽+), 19Ne (𝛽+) 
endpoints > 1 MeV 

𝐸 =
𝑞𝐵𝑐2

𝜔𝑐

He6-CRES Alejandro Garcia45



He6-CRES – Photos

Cryo-box insides

Assembly

Low-noise amps

He6-CRES

Decay cell

Accelerator

Alejandro Garcia46



0.2 ms 𝛽
sweeping

He6-CRES – Example uncertainties

Use electric field to sweep out 𝛽’s 
for cleaner events

2 ms 
observation

He6-CRES

Systematic uncertainties

Upcoming Run

Net data acquisition time: 64 hours
Statistical uncertainty: Δ𝑏 ≈ 6 × 10−3

Alejandro Garcia47



He6-CRES – Collaboration & goals
N. Buzinsky1, A. Garcia1, S. Gopal1, H. Harrington1, L. Hayen2,  P. Kolbeck1, L. Malavasi1, D. Melconian3, D. 
McClain3, P. Mueller4, E. Noviskti1, N. Oblath5, R.G.H. Robertson1, G. Rybka1, G. Savard4, D. Stancil2, D. 
Storm1, H.E. Swanson1, R.J. Taylor2, B.A. VanDevender5, F. Wietfeldt6, C. Wiseman1, A. Young2

He6-CRES phases

Phase I: proof of principle
 Observe 83Kr lines
 Understand RF issues and spectra
 Study power distribution
 Show detection of cycl. radiation from 6He
 
Phase II: first measurement
 6He and 19Ne measurements: (b < 10-2)
 Develop 79Kr and 14O sources.
 Develop next beta monitor.
 Analysis of uncertainties and improvements.
 6He and 19Ne measurements: (b < 10-3)

Phase III: ultimate measurement (b < 10-4)
 14O measurements.
 Ion-trap system.

Next 3 years:
• Phase II
• Prepare proposal Phase III

Done

He6-CRES

1 2
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5 6
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He6-CRES – Theory Needs

He6-CRES

Summary
• 6He seems under control [3,4]
• For 14O and 19Ne :

Uncertainties in our calculations of beta spectra are at 
the 10−3 level, below present experimental sensitivity 
but needs improvement for reaching ultimate goals.

This is a call to our theory colleagues to help us in moving 
beyond this limiting uncertainty.

The dominant uncertainties on the SM spectra 
are radiative and recoil-order corrections [1,2] 

Help from Nature:

• Dominant part of the recoil-order correction (Weak Magnetism) 
19Ne: related to well-known magnetic moments of initial/final 
states
14O: no such contribution.

• For both decays a symmetry implies that pseudo-induced tensor 
matrix element, typical source of uncertainties, is highly 
suppressed.

[1] Hayen et al. Rev. Mod. Phys. 90, 015008 (2018)
[2] Glick-Magid et al. J. Phys. G 49 105105 (2022)
[3] Glick-Magid et al. Phys. Lett. B832 137259 (2022)
[4] King et al. Phys. Rev. C 107, 015503 (2023)

Alejandro Garcia49
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Thanks!
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