
REDUCTION OF COSMOGENIC BACKGROUNDS IN THE CUPID EXPERIMENT
P. L. Slocum, on behalf of the CUPID Collaboration

Wright Laboratory, Yale University

REDUCTION OF COSMOGENIC BACKGROUNDS IN THE CUPID EXPERIMENT
P. L. Slocum, on behalf of the CUPID Collaboration

Wright Laboratory, Yale University

Neutrinoless ββ decay
• Foundations for theory in 1937 by
Majorana and development in 1939
by Furry.

• Theoretical physical decay: Two
neutrons in an atomic nucleus con-
vert to two protons by emission of
two electrons.
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Neutrinoless Double Beta Decay (0νββ)

Isotope T
1/2

 lower limit (yr)                   (meV) Experiment

76Ge 8.3 x 1026 < 113-269 MAJORANA DEMONSTRATOR [1]

82Se 4.6 x 1024 < 263 - 545 CUPID-0 [2] 

100Mo 1.8 x 1024 < 280 - 490 CUPID-Mo [3]

130Te 2.2 x 1025 < 90 - 305 CUORE [4]

136Xe 2.3 x 1026 < 36 - 156 KamLAND-Zen [5]
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● Second-order weak interaction, not yet observed
● Observation requires neutrinos to be their own antiparticle (Majorana)

1937 Majorana calculated that beta decay didn’t change if

1939 Furry proposed that if          , double beta decay 
could proceed with no emitted neutrinos.
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•Would provide direct evidence of lepton number noncon-
servation, suggesting ν = ν and favoring CP violation in
the PMNS ν mixing matrix [1].

• Predicted half-life [2] T−1
1/2 = g4A |M0ν|2G0νm

2
ββ/m

2
e.

CUPID experiment
•A next-generation experiment [3]
located at theGran SassoNational
Laboratory in Italy designed to
search for 0νββ decay.

• Li2MoO4 scintillating crystals en-
riched in 100Mo; Q∼3 MeV for
background reduction.

• Critical particle discrimina-
tion in α and β/γ.

Scintillating Bolometer Particle Identification

Backgrounds and sensitivity

CUPID sensitivity
• Baseline frequentist 3σ discovery
sensitivity to 0νββ decays in 100Mo
with T̂1/2 = 1027 yr, corresponding
to m̂ββ = 12-36 meV [2, 4].
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experiments to obtain the p-value

pµ(Γ ) =

Z ∞

tP

f (fP (Γ )|Γ ) dt, (4)

then compute the 90% upper limit for each toy-MC as the interval of Γ values
with pµ(Γ ) > 0.1. As a result, we obtain an exclusion sensitivity of T 0ν

1/2 > 1.8 ·
1027 yr at 90% confidence level. In terms of the effective Majorana neutrino mass,
this becomes mββ < 9–15meV. The range of mββ values that can be excluded by
CUPID is shown in Fig. 6.

CUPID considers deploying the detector in two phases, enabling early data
collection. The evolution of sensitivity over time in different scenarios is discussed
in Ref. [93].
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Fig. 6: Constraints on the effective Majorana neutrino mass (mββ) as a function of
the lightest neutrino mass (mlightest). The dark regions represent the predictions on
mββ based on best-fit values of neutrino oscillation parameters for the Normal and
Inverted Ordering cases (NO and IO); the shaded regions indicate the 3σ-ranges
calculated from the oscillation-parameter uncertainties [100]. The horizontal band
indicates the projected CUPID sensitivity, corresponding to a half-life of 100Mo
greater than 1.8 · 1027 yr, assuming a set of NME [94–99]. On the side panel,
the most recent limits from the isotopes 76Ge [12], 100Mo [101], 130Te [13] and
136Xe [11] are reported. (Updated results for these isotopes, except 100Mo, are
reported in preprints [102–104].)

•Uncertainties are defined by the range of possible
NME values, assuming a background index = 1.0×10−4

counts/keV/kg/yr and an energy resolution = 5 keV.

Backgrounds and on-
going improvements:
•Natural radioactivity,
dominated in the CU-
PID ROI by β and γ
backgrounds from 208Tl
and 214Bi decays.
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Figure: Backgrounds (blue) and uncertainties (orange).

• Cosmogenics, requiring mitigation with muon veto
(MV) system.

• Signal pileup, identifiable with light detectors, leveraging
fast signal rise times.

• Total background index of 1.1+0.2−0.1×10−4 ckky is com-
patible with CUPID science goal.
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Simulation pipeline
The Agata simulation package, developed by the CUORE
and CUPID collaborations, is built with Geant4:
•MV geometry is imported directly from detailed CAD
models.

• Containerized gitlab pipeline for versioning.

• Simulation models the en-
ergy deposition by cosmic
muons, and secondary par-
ticles, in CUPID under-
ground at LNGS.

• Includes lateral MV panels,
a bottom MV panel, and a
top water Cherenkov (WC)
detector.

• Geometric MV tagging ef-
ficiency is>99%, with a re-
duced µ background index
<=10−6 ckky.
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