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Neutrinoless double beta decay (0𝝂𝜷𝜷)

NOT IN 
SCALE!

The 0𝜈𝛽𝛽 is not allowed in the Standard Model and it 
has never been observed (T1/2> 1025 - 1026 y)

Its observation has important implications:
❏ Lepton Number Violation process (𝛥L = 2)
❏ Nature of neutrinos (Majorana vs Dirac)
❏ Neutrino mass scale

Expecte
d spectr

um

Experimental 
requirements

Low background

Large active mass

Good energy resolution
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The CUORE experiment

❏ 988 TeO2 crystals operated at ~ 15 mK with natural 130Te 

abundance

❏ Low background index ~ 10-2 counts / keV / kg / yr

❏ Energy Resolution ~ 7.5 keV FWHM @ 2615 keV

❏ Latest results: T0𝜈
1/2 > 2.2⋅1025 yr (90% C.I.)

Cryogenic Underground Observatory for Rare Events

Adams, D.Q. et al. (CUORE Collaboration) Nature 604, 53-58 (2022)

https://doi.org/10.1038/s41586-022-04497-4
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CUORE Background Model (BM)

Searching for very rare events demands for a deep and complete 
knowledge about the expected background.
The CUORE BM allows to:

❏ Extract material contamination

❏ Model contamination profiles

❏ Measure decay times

Geant4 simulations

Propagate 
contaminations

CUORE    
geometry and 
materials

Detector 
response 
features

BACKGROUND MODEL STEPS

MCMC fit of 
the data

JAGS
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CUORE BM Fit

Determine the normalization factor 
of MC simulations representing 
different background components

Extract activities 
contributing to 
background

Background
Model 

Normalization factor

Generated source

Estimator (energy)Bin

Nj determined by a:

Markov Chain: parameter convergence search
Binned: not continuous data → histograms
Bayesian: input prior to be updated given the model+data
Fit: Maximum Likelihood method

The CUORE background model contains > 70 different background components (𝛼, 𝛽, 𝛾 and muons)

Likelihood:



Fit example

Fit of the main 15 components
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Prior selection and new contaminations

Be
fo

re
Aft

er

My work started with a revision and upgrade of the CUORE BM 
exploiting the big exposure (1 ton⋅yr)

❏ Updated the fit priors
➢ Adding CUORE-0 results
➢ Updating muon prior with data
➢ Adding prior for new contaminations

❏ Updated contaminations
➢ Added 137Cs contamination in copper NOSV
➢ Added 235U in TeO2 and copper
➢ Added 90Sr in TeO2

❏ Consistency checks 
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Examples: new Priors
 OLD                                 NEW

Old norm. factor = 1.9 10-2

New norm. factor = 3.3 10-4

Muons

MC with Multiplicity > 7

Data with Multiplicity > 7

Many priors changed:

❏ Updated with CUORE-0 results

❏ Added new ones

❏ Modified the muon one



CUORE is composed of ~ 1000 detectors individually acquired

granularity can be exploited
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Topological studies

Topological studies are useful to:
1. Localize asymmetric / unexpected source distributions 

(data)
2. Check if there are detector sub-division in which 

simulations are not correctly reconstructing the data 
(ratio MC / rata)

Top detectors show the largest differences 
between MCs and data
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Results from the topological studies

1. Selected few sub-detector 
configurations

2. Integrated detector 
sub-division in CUORE BM 
fit framework

3. Bayesian Binned MCMC fit

❏ Low energy for top channels is 
a problem

❏ Understand what s̓ happening 
there

❏ Possibility to cut away these 
channels

CUT 0 CUT 2
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Low energy data

❏ Floor dependence of the low 
energy part

❏ Shape suggests it can be 
bremsstrahlung and/or 𝛽-decays

❏ Not dataset (time) dependent

Bkg model 
default 
threshold

❏ Studies on the M2Sum spectra 
point to the top (exclude 
crystals)

❏ Mostly bremsstrahlung from 
the top lead 



Stefano Ghislandi                                 Status Report on the Research Project                                                                   12

Ongoing work and future plans?

❏ Finish the CUORE BM to have a stable and complete reference
❏ Start the analysis on a physics channel exploiting spectral fits (and a large exposure)

❏ Trying to reproduce a more detailed geometry of the 
CUORE components above the detectors:
✘ Not so many improvements

❏ Modifying bremsstrahlung from the lead in the top:
✔ Promising, we can see improvements for all the 

cuts, (especially top detectors) at low energy
❏ Testing the stability of the BM

➢ Energy threshold
➢ Topology
➢ Priors …

ONGOING WORK

FUTURE PLANS
Energy threshold [keV]

N
or

m
. f

ac
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r

TeO2_Surf_230Th
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CUPID experiment 

HEAT + LIGHT DETECTION

❏ New 𝛽𝛽 source: 100Mo (Q𝛽𝛽~3035 keV) 
❏ Scintillating crystals to exploit heat and light 

channels → 99% 𝛼/𝛽 discrimination
❏ New detector frame design

CUPID SPECIFICATIONS

❏ High energy resolution (~5 keV)
❏ ~ 1600 Li2MoO4 crystals operated at ~ 10-20 mK
❏ Same cryogenic setup of CUORE

→ Explore the entire inverted hierarchy region

CUORE Upgrade with Particle IDentification

The CUORE BM is fundamental in view of CUPID:
❏ Study the contamination of the cryogenic setup 

(same of CUPID)

❏ Study contamination of detector component 
→ CUPID design
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The BDPT

High background contribution due to 𝛼 
decays from the components close to the 
detectors 

Completely new frame design focused on 
the minimization of the passive material 
around the crystals

CUORE BDPT

Baseline Design Prototype Tower

Mechanical properties

Thermal properties

Detector performanceU
nk

no
w

ns

New design
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BDPT structure

BDPTBig Collaboration effort

New frame design

❏ 28 LMOs crystal
➢ Testing different producers
➢ Testing different growing techniques 

(Bridgman, Czochralski)
➢ Testing different thermistor glues 

(Araldite, UV, …)

❏ 30 Ge LDs
➢ Testing different coatings (sputtering, evaporation)

❏ Characterization and validation of a new DAQ
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BDPT Preparation and assembly pictures

A lot of work… 
but a lot of fun!!



BDPT Run 1 
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BDPT base resistances [MΩ]ASSEMBLY

COOL-DOWN

THERMAL STABILITY

✔ Tower assembled in May 2022
➢ Simple cleaning 
➢ Simple and fast assembly (tower built in 1 day)
➢ Ideas on how to improve thermistors bonding

✔ Installation in the cryostat @ LNGS-Hall A
✔ Tower wiring (“by hand”, simple plug and play in the future)
✔ Successful (and fast) cool-down → good thermal properties

✔ Uniform crystal (and LD) temperature

good thermal properties



BACKUP SLIDES
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How do we measure the energy?

Measured pulses

Particles release 
energy in the 

absorber (crystal)

Phonon production 
and thermalization, 

T0 → T0 + ΔT

Resistance of the 
temperature sensor 

(NTD thermistor) 
changes with 
temperature

Bias readout of the 
thermistor, fed with 

constant current

✔Energy resolution (0.1%)
✘Slow signals

Low temperatures
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Complete energy spectrum fit (M1)
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Other new sources: 90Sr
Default fit Sr90 fit

Strongly correlated with 2𝜈 → keep in mind for the systematics
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Other new sources: 108mAg
A
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FLOOR

FLOOR 13 (highest)

/k
gy

Low energy contribution

M2 Sum Pure M2 Sum 
2 hits in different detector, sum of their energy 2 hits in different detector but in the same 

sub-detector cut (in this case coming from the same 
floor), sum of their energy

Most probably bremsstrahlung radiation coming from the top
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Systematics (floors)

Top floors have large impact on the contamination activity values → contributions to systematic errors
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BDPT  working point setting

NTD thermistors can work in a wide range of 
temperatures, however a good biasing configuration 
needs to be selected:

→ Best signal to noise working point

MEASUREMENTS SETUP

Optimal WP

NTD biasing circuit
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ACCESS: forbidden 𝜷 decay spectrum shape studies

The Array of Cryogenic Calorimeters to Evaluate Spectral Shapes 
(ACCESS) is a project aiming to measure with precision the spectral 
shapes of forbidden beta decays. 

Low transferred momentum 
gA  measurement can be 
transported to the 0𝜈𝛽𝛽 
momentum range

Interesting to study 
and test nuclear model

1. Acquired data with two different crystals 
containing 115In

2. Iʼm currently simulating the expected 
background to be subtracted

3. Foreseen fit of the  𝛽 spectrum with 
theoretical model templates



Surface contamination with milli-Kelvin silicon detector
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❏ More sensitive experiments require 
stringent limits on material contamination

❏ Surface alpha contamination most 
prominent background source in many 
experiments 

High performance screening of ⍺ surface 
contamination

Large area silicon cryogenic detector array

Promising preliminary results:
❏ Low energy threshold (~ 2 keV)
❏ Good energy resolution (order %)
❏ High radiopurity (<70 nBq / cm2)

Detectors tested @ LNGS
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RES-NOVA

❏ Newly-proposed experiment for detection of neutrinos from astrophysical sources
❏ Array of cryogenic detectors
❏ PbWO4 with archeological lead 

→ high radiopurity → low background in the CE𝜈NS

Testing radiopurity of ~ kg PbWO4 crystals @ LNGS


