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Physics case
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Γ0ν = G0ν |M0ν |2 ⟨mββ⟩2

m2
e

Representation of 
m𝛃𝛃 from F. Vissani 
JHEP06(1999)022

• lepton number violation (ΔL=+2)


• neutrino mass hierarchy, absolute scale, 
Majorana mass component


• matter anti-matter asymmetry in the Universe 
(matter creation in the lab)


• peak at 2νββ spectral endpoint



Scintillating bolometers
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• T~10 mK temperature makes 
heat capacity very low


• ββ decays heat the crystal


• temperature pulse readout via 
NTD thermistor as voltage pulse


• scintillation light heats Ge light 
detector (same readout)


• weak thermal link to heat bath 
brings detector back to base T

Eur. Phys. J. C (2018) 78:428  
10.1140/epjc/s10052-018-5896-8



The CUPID-0 experiment
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• 26 ZnSe cylindric scintillating bolometer 
crystals, 2 natural + 24 95% enriched in 
86Se


• surrounded by VIKUITI (3M) reflective foil


• installed underground in the INFN LNGS 
lab to shield from cosmic radiation


• achieve full α/βγ discrimination with dual 
heat/light readout


• operation phase I (3/2017-12/2018) with 
reflective foil


• operation phase II (6/2019-2/2020) w/o 
reflective foil

Eur. Phys. J. C (2018) 78:428  
10.1140/epjc/s10052-018-5896-8



0νββ results
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• 8.82 kg.yr 82Se exposure (phase I + II)


• energy resolution   
at ~3 MeV


• background index 
(3.5 ± 1.0) 10-3 cts/(keV kg yr) phase I 
(5.5 ± 1.5) 10-3 cts/(keV kg yr) phase II


• no evidence found, Bayesian 90% C.I. set 
 

 

(20.05 ± 0.34) keV

T0v
1/2 > 4.6 × 1023 yr

mββ < (263 − 545) meV

https://doi.org/10.48550/
arXiv.2206.05130

Phys. Rev. Lett 123, 032501 (2019) 
10.1103/PhysRevLett.123.032501



Background Model
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From here on: Results from Phase I only!

Aim at reproducing the 
energy spectrum with a 
weighted sum of 
different sources


Source selection based 
on data (prominent 
lines)


Each source is a MC 
simulation, the activity 
is fit to the data
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Background Model
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single site β/γ 

single site α

double site, single energy

double site, sum energy
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2νββ results
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(the time veto for 208Tl events is not included in the plot)

The dominant 
contribution < 2.5 MeV 
is 2νββ of 82Se

Eur. Phys. J. C (2019) 79:583 
10.1140/epjc/s10052-019-7078-8

Phys. Rev. Lett 123, 262501 (2019) 
10.1103/PhysRevLett.123.262501



2νββ results - spectral shape sensitivity
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• High statistics and signal purity can be 
used to disentangle tiny spectral shape 
differences in 2νββ events


• CUPID-0 provided evidence for Single 
State Dominance of 2νββ transition in 82Se 
over Higher State Dominance


• Many exotic processes have their signature 
as a distortion of the 2νββ energy spectrum

Phys. Rev. Lett 123, 262501 (2019) 
10.1103/PhysRevLett.123.262501



Lorentz violation
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The introduction of a consistent quantum gravity theory predicts new physics at 
the Planck scale, that has a low energy counterpart in the SME as Lorentz-
violating operators. 

Phys. Rev. D 100, 092002 
10.1103/PhysRevD.100.092002



Lorentz violation

11Latest results from CUPID-0 G. Fantini on behalf of the CUPID-0 Collaboration ICHEP 2022

Added a new component to the 
background model


Systematic effects from energy scale, 
binning, source choice, threshold 
accounted for


No evidence for Lorentz violation, can 
set Bayesian 90% C.I. limit

Phys. Rev. D 100, 092002 
10.1103/PhysRevD.100.092002

a(3)
of < 4.1 × 10−6 GeVo



0νββ with Majoron emission
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Several new physics models predict the existence 
of a Majoron-like particle coupled to the neutrino in 
0νββ decay

Phys. Rev. C 103, 044302 
10.1103/PhysRevC.103.044302



The experimental signature of different 
Majoron emitting channels is a modified phase 
space as


 
 
 
We investigated single Majoron emission 
modes 0νββχ n=1,2,3 and double Majoron 
emission modes 0νββχχ n=3,7

0νββ with Majoron emission
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Spectra provided by J. Kotila



• No evidence for Majoron emitting modes 


• Upper limits at 90% Bayesian C.I.


• Interpretation as upper limits on Majoron-
neutrino coupling constant 
 
 
 
where m = 1,2 number of final-state 
Majorons
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0νββ with Majoron emission

PRELIMINARY

PRELIMINARY

Eur. Phys. J. C (2019) 79:440 
10.1140/epjc/s10052-019-6948-4

76Ge Eur. Phys. J. Plus (2015) 130: 139 
10.1140/epjp/i2015-15139-8

100Mo

C.J. Davis, PhD Thesis, Yale 
University 2020

130Te
Phys. Rev. D 104, 112002 

10.1103/PhysRevD.104.112002
136Xe

this work82Se
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CUPID baseline design



Summary
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• CUPID-0 successfully concluded operation in 
2020


• The full CUPID-0 statistics can constrain 0νββ to 


• Just phase-I data can produce multiple results 
on the ββ continuous energy spectrum: 
 
 

• CUPID will use dual readout technology and 
Li2100MoO4 to fully explore the inverted hierarchy 
of neutrino masses

T0v
1/2 > 4.6 × 1023 yr

PRELIMINARY

a(3)
of < 4.1 × 10−6 GeVo



Backup



Backup — References for Majoron emission
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● n = 1 (black line), 3 and 7: https://doi.org/10.1103/physrevc.103.044302

● Orange Bands for n = 1:


○ https://doi.org/10.1016/j.nuclphysa.2008.12.005

○ https://doi.org/10.1088/1361-6471/aa9bd4

○ https://doi.org/10.1103/PhysRevC.93.024308

○ https://doi.org/10.1103/physrevc.101.044315

○ https://doi.org/10.1103/PhysRevC.91.034304

○ https://doi.org/10.1103/PhysRevD.102.095016

○ https://doi.org/10.1103/physrevc.103.044302

○ https://doi.org/10.1103/PhysRevC.87.064302

○ https://doi.org/10.1103/PhysRevC.87.045501

○ https://doi.org/10.1103/PhysRevC.98.064325

○ https://doi.org/10.1103/PhysRevC.91.024613

○ https://doi.org/10.1103/PhysRevC.97.045503

○ https://doi.org/10.1103/physrevc.102.044303

○ https://doi.org/10.1103/PhysRevLett.105.252503

○ https://doi.org/10.1103/PhysRevLett.111.142501

○ https://doi.org/10.1103/PhysRevC.95.024305

○ https://doi.org/10.1103/PhysRevC.88.064322

○ https://doi.org/10.1103/PhysRevC.91.024316


● Phase Spaces: https://doi.org/10.1103/physrevc.91.064310
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