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Motivations

The absence of New Physics signals at colliders suggest to look for it in less
conventional directions.

One can consider that the New Physics is very light and coupled only with the EW 
sector.

Case of study: New Physics in experiments for neutrino mass determination.
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Why tritium:

Low end point energy 18.6 KeV

Rather short half-life 12.3 y

Super-allowed shape of the spectrum

Simple electronic structure

Detection principle:
Study of the kinematics of the decay. In particular the endpoint energy.

Low sistematics in the measurement of the β spectrum
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Drexlin et al 1307.0101
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Drexlin et al 1307.0101
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New Physics in Tritium Decay



Giorgio Arcadi                                                                                         Frascati 21-05-2019

Katrin Experiment

Source: 1011electrons
produced per second from β
decay of high purity molecular
tritium at 30 K

Spectrometer Detector
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Theoretical Model

Model A

Model B

Model C

Model D

Model E
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Theoretical Spectrum
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Experimental signal
Radiative corrections: Energy loss of from electrons due to interactions with soft and virtual 
photons in the Coulomb field of the necleus.

Molecular recoil: the recoil energy of the electron balances the one of the nucleus. 

Final states: Decays of the molecular tritium can lead to molecules in excited states which
reduce the maximal energy of the electron.

Doppler Effect: Source molecules are in thermal motion. Together with the bulk motion this
causes a broadening of the electron spectrum of 100 meV.



Final states effectRadiative corrections
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Determining the reach of KATRIN

Sensitivity in the mass and coupling of the new boson determined
through profile likelihood method.

Scenario I: Current setup. Only the spectrum close to the endpoint is
studied. Sensitivity to masses of the order of few (tens) of eV 

Scenario II: Future KATRIN setup. The full β spectrum is considered. 
Sensitivity to masses up to the KeV.
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Complementary constraints

Three-body decays

Anomalous magnetic moment of the electron.

Neutrino-electron scattering

Neutrinoless double-β decay (only for majoron-like models)

Laboratory constraints
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Astrophysics constraints:

Modification of high energy neutrinos path (modified scattering rate between
high energy neutrinos and Cosmic Neutrino Background) 

Energy loss in stars. (e.g. 𝑒 + 𝑍𝑒 → 𝑒 + 𝑍𝑒 + 𝑋, 𝛾 + 𝑒 → 𝑒 + 𝑋)

Cosmological constraints:

BBN (𝑁𝑒𝑓𝑓)

CMB (𝑁𝑒𝑓𝑓 and modification of the CMB power spectrum (modified self

interaction rate alters the free-streaming lenght of the neutrinos)
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eV scale Bosons



Giorgio Arcadi                                                                                         Frascati 21-05-2019

KeV scale Bosons
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Conclusions

We have investigated the capability of KATRIN of detecting light bosons.

The projected sensitivity regions are strongly constrained expecially
from astro/cosmo constraints.

KATRIN measurements can nevertheless provide a good laboratory
complement.


