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Motivation
Nuclear beta decay and electron capture provide powerful tools to test the 
Standard Model (SM) and explore new physics. In particular, beta decay can 
be offers sensitivity to exotic scalar 𝜺𝑺 and tensor 𝜺𝑻 currents at the TeV 
scale. 

This sensitivity appears in the Fierz interference term, 𝑏#, which depends 
linearly on these interactions. Beta-plus decay and electron capture (EC) 
influence 𝑏# in opposite ways but probe the same nuclear matrix element.

This means the electron capture to beta-plus branching ratio is an 
extremely sensitive probe of new physics with minimal nuclear structure 
effects and able to provide accuracy of ~𝟏𝟎$𝟑 on 𝒃𝑭 

At the experimental level, ASGARD/SALER perform high-precision recoil
spectroscopy using Superconducting Tunnel Junctions (STJ) detectors with
eV accuracy.
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electron capture decays, Applied Radiation and 
Isotopes, 2019.

With nuclear structure corrections at the ~𝟏𝟎$𝟑 level, uncertainties are an order of magnitude lower than 
typical beta decay searches, and we are already competitive with the global dataset in the search for
exotic tensor current.
Experiments aiming to probe the EC/β+ ratio at the 0.1% level are a powerful probe of physics at the tens of 
TeV scale with minimal nuclear structure uncertainties.
Outlook : ab initio calculations to appropriately estimate nuclear structure uncertainties in a controlled 
fashion & add condensed matter theory to the Behrens & Bühring formalism to take account of 
superconducting effects.

EC/β+ ratio shows a dependence of opposite sign on the Fierz interference 
term while probing the same nuclear matrix element, making it extremely 
sensitive to new physics.

NS calculations for 2 data sets: X.Mougeot 2019 [3] &  W.Bambynek 1977 [2].
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NS corrections are sensitives to the interaction used (𝐼 or 𝐼𝐼).

Nuclear Structures (NS) are calculated using the shell model calculation 
and H.Behrens & W.Bühring formalism [1] based on a multipole expansion.

𝜺𝑻𝑨𝒍𝒍 = 𝟎. 𝟎𝟎𝟏𝟗 𝟐𝟒 (90%CL) 𝜺𝑻𝑴𝑻 = 𝟎. 𝟎𝟎𝟖𝟐(𝟖𝟐)𝒆𝒙𝒑(𝟑𝟎)𝒂𝒕𝒐𝒎(𝟖)𝑵𝑺 (90%CL) 
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Context
Effective field theory is a way to interpreting Beyond Standard Model (BSM) 
physics at scale  Λ234 ≫ 𝐿𝐻𝐶.
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Le! →eωµεL · uωµ[CV ↑ (CA ↑ 2ϑR)ω
5]d+ ϑSeεL · ud

↑ ϑP eεL · uω5d+ ϑT eϖµωεL · uϖµω(1↑ ω5)d at quark level

V – A structure in SM.
𝜖5  are proportional to (𝑀6/Λ234)7  à 𝜖5 ≤	10$8	à 𝜦𝑩𝑺𝑴 ≥ 𝟏𝟓	𝑻𝒆𝑽 
assuming natural couplings.

Fierz interference term 𝒃𝑭 comes from an interference between the SM and 
BSM : ℳ34×ℳ234 ≈ 𝒪 𝜖3, 𝜖: .

Methodology Results

The advantages of this decomposition allows all observables to be expressed 
in terms of form factors for all types of transitions.

Conclusion & Outlook

For mirror transitions (MT),
the hadronic part is easy for
reasons of symmetry and are
“easily” accessible for ab
initio calculations.

The aim of my work was to create a code that would reproduce the
calculation of form factors and link them to different observables.
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Possible outputs :
Ø 𝝀𝑬𝑪/𝝀𝜷> ratio
Ø Shape factor 𝐶 𝐸
Ø β-spectrum, half-life
Ø Angular parameters
Ø Testing the CVC hypothesis
Ø 𝑔? quenching

This term allows the SM to be 
probed at low energies. 𝑏# 
depends linearly on the scalar 
and tensor exotic currents 
(𝝐𝑺 = 𝝐𝑻 = 𝟎 in SM).
There are currently several 
methods for constraining the 
value of scalar and tensor 
couplings.
With recent results, β-decay is 
competitive with the LHC in 
the search for exotic currents.

àNuclear structure 
uncertainties do not play 
significant role in exotic 
tensor constraints.

àAlready competitive with
global dataset.
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