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Searching for BSM physics using neutrinos at ESS
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CEUNSGESS @ ESS will not only be the most powerful manmade
Johan Rathsman source of neutrons — but also of neutrinos
@ coherent elastic scattering off the whole nucleus —
BSM@ESS

gives up to A? enhancement in cross-section
@ tabletop detector possible — O(10) kg

@ neutrinos at low energies has very weak interactions
— O(1) deviations still allowed

@ plenty of room to search for BSM physics

@ requires extremely low threshold to be sensitive —
nuclear recoil energies down to ~1 keV




Evidence for the X;7 — a fifth force
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The Z’ model

LUND Gauge sector:
HNIVERSITY e additional U(1)’ field which has kinetic mixing with the SM U(1)y
CEvNS@ESS @ there is also mass mixing between the Z and the Z’
Johan Rathsman Higgs sector:
@ additional complex scalar x which mixes with the SM Higgs field H
The 2" model Fermion sector:
@ SM fermions + three right handed neutrinos
o first two generations get masses from higher dim. operators with x and H

@ U(1) charges respect anomaly equations
Lhc ==Y Uy Cl+ " ChrZ,,
f

axial vector couplings Cz constrained to explain X17 data
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Nuclear recoil spectrum with Z’, y = Eg/ER™
Dominated by vector coupling of nucleus (axial vector coupling o nucleus spin)
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Klein Nystrand nuclear form factor
Fv z(y) and Fy n(y) nuclear form factors for protons and neutrons
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Recoil spectra




Recoil spectra for 20 kg Ge target, L=15 m, 5 years @ 5 MW
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Quenching factor and detector resolution
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— Lindhard k=0.157
— Lindhard + Mod

CEVNS@ESS Quenching factor:
ionisation energy smaller than recoil energy
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Finite detector resolution gives smearing, o ~ 0.001

Detector

N, /1 2 L I Q(y)y)
Yrec Yanin 1+ Exf (%) V2o 20°

dN,
—d
dy Y

minimal ionisation energy ymin = 0.00034, detector threshold < y > 0.01
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Conclusions and outlook
CEvNS at spallation sources:

LUND

UNIVERSITY @ can search for light Z’ such as the Xi7
@ also sensitive to scalar exchanges
CEvNSQESS

ot Rethoman @ can be used to probe dark matter models
Experimental challenges

@ need better understanding of quenching factor at low nuclear recoil energies

@ need to better understand neutron background

@ need to measure absolute neutrino flux (uncertainty on r)

Other ways to study CEvNS:

@ Reactor neutrinos: only U, — very high fluxes but lower neutrino energies
= (lower)? recoil energies — interpretation of data obscured by quenching
factor uncertainties

@ Solar 8B neutrinos: First evidence seen in dark matter experiments
XENONNT and PandaX-4T - ve, v, and v, all contribute
— “neutrino floor" can be turned from DM background to BSM signal

Discovery reach
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