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CUORE: the Cryogenic Underground Observatory for
Rare Events

Tonne-scale millikelvin detector array comprised

by 988 TeQ, crystals.

e Cryogenic calorimeter technique: resolve
thermal pulses from energy deposition within
crystal absorber.

Located underground within the Laboratori
Nazionali del Gran Sasso in Italy (~3600 m.w.e.
overburden).

Primarily searching for neutrinoless double-beta
decay in *Te, aided by strong energy resolution
and low background conditions.

e Latest OvB results: arXiv:2404.04453

Fractionally Charged Particles

Particles with fractional electric charge

predicted by various Beyond the Standard

Model extensions:

e Hidden-Sector U(1) portals with novel
fermions

e Free quarks

e And more!

If realized, fractionally charged particles
(FCPs) could be present within cosmic
radiation and be observed within
underground experiments such as CUORE.

Relativistic FCPs with charge g=e/f (f>1)
would leave faint track-like signatures
across the detector.

Track Reconstruction in CUORE
CUORE demonstrates that bolometric detectors have

reached sufficient scale to resolve through-going
particle tracks:

e Observe & measure muon flux in LNGS'

e Enable exotic physics searches, such as FCPs!

B -Hit by track & in data

B-Extra Channel

B-Missing Channel

Track-fitting algorithm developed using multi-objective

optimization (MOQ)? to maximize information
provided by segmented geometry of CUORE.

MOO algorithm simultaneously minimizes:

# missing-channels: crystals registering an event in

data, but not struck by through-going track.
# extra-channels: crystals struck by through-goin
track, but do not register an event in data.

Lower counts of extra- and missing-channels indicate

a more track-like cluster topology.
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Track-fitting additionally provides
maximume-likelihood estimate of reconstructed
inverse charge, f, for each fitted cluster.

FCPs present within underground cosmic-ray
flux would produce an excess in the spectrum
of reconstructed-f.
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1. _Circumscribed Cylinder around CUORE _ _ _ _ _ _ _ _ _ _ Detector acceptance to relativistic FCPs
determined from Monte Carlo simulations of
Idegj Detectgr - 100% Kficincy particle interactions with detector, assuming
downward-isotropic particle flux.

[ Analysis selections sensitive to FCPs with
" charges between e/2 to e/24.

FCP Monte Carlo: By =3, m =100 GeV/c?
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III.
Data Selections

Use first tonne-year of CUORE's exposure from Nature 604 53-58 (2022).
e 442.3 days of detector livetime used for this search.

Group together contemporaneous events into detector-wide clusters based on their
crystal multiplicity, M.

e Select per-crystal energy depositions between 20 keV-6 MeV.

e Consider clusters with M = 6, and fit with track-reconstruction algorithm.

Reject clusters in coincidence with high-energy events (=10 MeV) to veto
through-going muon candidates.

Likelihood Model

Bin clusters into ABCD regions based on track-reconstruction parameters:
# missing-channels and # extra-channels.

Have signal-preferred Region A, background-dominated Region D, and control
Regions B & C.
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7'7,']' — Background transfer functions. n, ~ —Region A background counts.

Gij — Signal template, from FCP Monte Carlo. 7!~ — Signal counts parameter.

Model assumes that # extra-channels and # missing-channels are independently
distributed for background clusters: validated with Region D inset prior to full search
unblinding.
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