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Neutrino mass measurement with the Karlsruhe Tritium Neutrino (KATRIN) experiment

= Tritium 3-decay precision spectroscopy (endpoint E, = 18.6 keV) .
= Three-body decay kinematics: electron energy spectrum dI'/dE|g of

T, » 3HeT " + e + v,

» Spectral shape distortion is introduced by m, # 0

Beyond standard decay

= Bosons X coupling < g, x to leptons £ = v,e in BSM theories, e.qg.

= Pseudoscalars X =] via ig,;VysV/, ig.;eyse]

» Vector-bosons X = Z'via g, Vy*PvZ,, g.,¢ev*eZ,, g, Z,

= Modified tritium [3-decay: additional four-body decay channel

T, >3HeT " +e 4+7v,+ X

= Real boson emission — new spectral branch dT'/dE|, o« g% (decay rate [ — I'g+ Iy)
= Boson mass my limited by available decay energy — light new physics < 20 keV

" — new parameters: boson mass my and coupling gy
= Spetral shape depends on interaction structure and boson mass

This analysis: dataset KNM2 (2019) |
= — 2nd KATRIN measurement campaign

Search for new light bosons with
the KATRIN experiment

Joscha Lauer

Electron spectroscopy close to E, via magnetic adiabatic collimation and
electrostatic filtering (MAC-E principle, section e In figure)

= |ntegral measurement: 2.8 eV resolution at E, (1.5 x 10~* relative precision)
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= QObservable: effective mass-square m2 = Y.|U.;|* m? = m; (eff.
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= Current limit (from 259 dayS): m, < 0.45 eV (90% CL) 10.48550/arXiv.2406.13516 D YEE
= Sensitivity goal: m, < 0.3 eV (90% CL) |
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effect on integral rate in pseudoscalar boson X scenarios (v, e coupling)
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sensitivity breakdown for coupling of pseudoscalar to neutrino

retarding energy E — E; (eV)

sensitivity breakdown for coupling of vector boson to neutrino

« 45 days, 4 x 10° electrons in ROl

= ROI: [-40, +130] eV around Ej ool
stat.
Experimental sensitivity sys. mmm total sensitivity mmm total sensitivity
Bl uncertainty budgets oy, (stat. /sys. ) Bl uncertainty budgets oy, (stat. /sys. )
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Synthetic Asimov MC data Of KNM?2 1o sensitivity on boson coupling gx 1o sensitivity on boson coupling gx/myx (1/eV)
* Model computation based on type of %
. . Penning 7 i
interaction and gy, my | Bonp - _
= Experimental reponse function and BYsiope - ]
corrections are applied to theo. spectrum pdo - 1
= Maximum likelihood fits adClross E loss —
t fint t plasma boson mass boson mass
parameter space of interes D — =102 eV red b = 10-2 6V
= Systematic effects included by means Bocr background s my=10"leV background e my=10"leV
. — 0
of pull terms — breakdown of impacts Berc W source = mx=10"ev EEE source m—mx = 107eV
mm fields B my=10'eV mm fields B my=10'eV
» Right: comparison of the two scenarios o0 005 010 015 020 025 030 >0 0 02 R A
with exclusive neutrino Coupling rel. contributions o7 _;/0g (sys.) to systematic uncertainty oy (sys.) = /zaéx.f rel. contributions o7 ;/0; (sys.) to systematic uncertainty og,(sys.) = Zogx,,.
light boson X coupling: 95% CL sensitivit . .
s ) PRS0 Y Light boson sensitivity of KATRIN
pseudoscalar coupling to j vector boson coupling to _
—— neutrin 102 4| —— neutrin - = Based on 45 days of measurement in 2019
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10° - electron 101 : electron . = — dominated by statistics, systematic contributions
] —— lepton current ji, differ between the considered BSM scenarios
104 - 10°
. < o] - = — KATRIN: an interesting complementary and model-
o S 10 el iIndependent |laboratory probe, due to direct access to
107 - 10-2 - _~ new light physics
B - = Couplings are investigated at energy scale of Q-value,
100 - 1077 ~ l.e. below 20 keV
3 = Analysis for eV-scale bosons can be repeated with data
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