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Neutrinoless double beta decay (0v3p) a

The 0vBg is not allowed in the Standard Model and it d
has never been observed (T, ,> 102 -10*y)

Its observation has important implications:
0 Lepton Number Violation process (AL = 2)
O Nature of neutrinos (Majorana vs Dirac)

0 Neutrino mass scale
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The CUORE experiment

Cryogenic Underground Observatory for Rare Events

(R

988 TeO, crystals operated at ~ 15 mK with natural "*Te
abundance

Low background index ~ 10 counts / keV / kg / yr
Energy Resolution ~ 7.5 keV FWHM @ 2615 keV

Latest results: T, p>2:20 10% yr (90% C.I.)

@Adams, D.Q. et al. (CUORE Collaboration) Nature 604, 53-58 (2022)
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https://doi.org/10.1038/s41586-022-04497-4

CUORE Background Model (BM) a S|

Searching for very rare events demands for a deep and complete ' ¥ " Dition uni -
knowledge about the expected background. ‘ w
The CUORE BM allows to:
300K >
O Extract material contamination =

4K ——

O Model contamination profiles

800 mK —>

50mK —

L Measure decay times Torlc—>
Modern

BACKGROUND MODEL STEPS | el
g:(j;glifry and Propagate Ir)ei;egrizg MCA/.}TlCJZt of 1 Detector
nati the data m
materials contaminations features
\ J \ J
Y Y i
G S Geant4 simulations JAGS

E I Stefano Ghislandi Status Report on the Research Project 4



CUORE BM Fit

Background Extract activities Determine the normalization factor
Model contributing to of MC simulations representing
background different background components

The CUORE background model contains > 70 different background components (¢, 3, y and muons)

Normalization factor

N, determined by a:
(C meas E . C’ZMS Markov Chain: parameter convergence search
A Binned: not continuous data - histograms
Bin EStimatOl’ (energy) Bayesian: input prior to be updated given the model+data

Fit: Maximum Likelihood method
Generated source

Likelihood: £ = | [ Pois(CJis®[(CPie®)) HPOls (GRS (020L)

YK 1],
1,Q
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Fitexample

Fit of the main 15 components

— |
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Prior selection and new contaminations G

S

My work started with a revision and upgrade of the CUORE BM T I T
exploiting the big exposure (1 ton yr) -l | i s s
1 Updated the fit priors g

> Adding CUORE-0 results T w

> Updating muon prior with data a 3

>  Adding prior for new contaminations
0 Updated contaminations T

> Added *’Cs contamination in copper NOSV - Data -1

—— JAGS reconstruction

> Added **U in TeO, and copper
> Added *°Sr in TeO,

1 Consistency checks

After

(Data-MC)/Data
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Examples: new Priors

Many priors changed:

J Updated with CUORE-0 results
1 Added new ones

1 Modified the muon one

Muons

s = Data with Multiplicity > 7
t MC with Multiplicity > 7
=
= F Old norm. factor =1.9 102
- New norm. factor = 3.3 10™*
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TeO2_228Ra_208Pb - Posterior (New Prior)
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Topological studies

Data 1461 keV

CUORE is composed of ~ 1000 detectors individually acquired 45

_IlII|IIII|II I|IIII"_‘IIII|IIII|IIII|[III

granularity can be exploited 3

2.5

Topological studies are useful to: 2

1. Localize asymmetric / unexpected source distribution 15
(data) USRS

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

1 3 1 4 Ll 5 11 6 1 7 8
MC / Data 600mKTot-co60_1332 keV

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

IIIIlIIIIIIlIIIlIIIII

ratio MC / Data

0.8

0.6

between MCs and data

0.2

[ Top detectors show the largest differences ] 1

HH

§§§+§

[=)

L L P L L L P
2 4 6 8 10 12 14
tower number
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Results from the topological studies g
TEST TUBE Configuration
DR . 1. Selected few sub-detector [J  Low energy for top channels is
configurations a problem
2. Integrated detector 2 Understand what’s happening
sub-division in CUORE BM there
P fit framework 1 Possibility to cut away these
3. Bayesian Binned MCMC fit channels

Lateral view

‘ :
Data - M1Cut0 10° Data - M1Cut2
—— JAGS reconstruction

103 t ——— JAGS reconstruction |
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Low energy data & S|

T Pulse tubes
% i — Histo floor 1 ) Dilution unit '’ ) v
o — " .
(@] 1201 Bkg model Histo floor 2 d 2
o — Histo floor 3
i default , ] ‘K ﬂ
L — Histo floor 4
100 H threShOId — Histo floor 5 ey i
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60 L
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Energy [keV]
: D
1 Floor dependence of the low 1 Studies on the M2Sum spectra 1m etactoy
energy part point to the top (exclude
1 Shape suggests it can be crystals)
bremsstrahlung and/or 8-decays I Mostly bremsstrahlung from e
1 Not dataset (time) dependent the top lead lead
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Ongoing work and future plans?

TeO2_Surf_230Th

ONGOING WORK

2.000

1 Trying to reproduce a more detailed geometry of the
CUORE components above the detectors:

1.975 1

X  Not so many improvements e

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

925 1

.900 1

cuts, (especially top detectors) at low energy
1 Testing the stability of the BM
> Energy threshold
> Topology
> Priors...

Norm. factor

.875 4

1.850

1.825 1

1.800

»:;" »9|° & 4;° é;° g;" Y
Energy threshold [keV]

FUTURE PLANS

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

G S
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CUPID experiment 5]

CUORE Upgrade with Particle IDentification HEAT + LIGHT DETECTION
The CUORE BM is fund Linvi { CUPID: 0 New jg source: Mo (Qﬁﬁ~3035 keV)
© i1s fundamentalin view 0 ’ O Scintillating crystals to exploit heat and light

0 Study the contamination of the cryogenic setup e
channels - 99% a/p discrimination

(same of CUPID)
O New detector frame design
O Study contamination of detector component sl
~> CUPID design —— > Thermal link

——————> Thermometer

CUPID SPECIFICATIONS

—> Absorber

O High energy resolution (~5 keV)
0 ~1600 Li,MoO, crystals operated at ~ 10-20 mK

0 Same cryogenic setup of CUORE
__, Light
- Explore the entire inverted hierarchy region g Detector
Heat bath
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The BDPT G S

High background contribution due to «
decays from the components close to the
CUORE detectors

y

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

CUORE BDPT

0O
3

New design

§ Mechanical properties

S Thermal properties v
= W Detect i !
S etector performance L

Baseline Design Prototype Tower
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BDPT structure

Big Collaboration effort

4 28 LMOs crystal
> Testing different producers
> Testing different growing techniques
(Bridgman, Czochralski) NTD G pemitr |
> Testing different thermistor glues

(Araldite, UV, ...) New frame design

2 30GelLDs
> Testing different coatings (sputtering, evaporation)

PTFE Lockers

(2 Characterization and validation of a new DAQ

G| S
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BDPT Preparation and assembly pictures

/il lot of work...
but a lot of fun!!
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BDPTRun1

ASSEMBLY

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

COOL-DOWN

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

THERMAL STABILITY
¢/ Uniform crystal (and LD) temperature

- good thermal properties

G| S
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How do we measure the energy?

GS
B

Resistance of the
Particles release Phonon production temperature sensor Bias readout of the
energy in the and thermalization, (NTD thermistor) thermistor, fed with
absorber (crystal) T,>T,+AT changes with constant current
temperature
_ Ca 2 I A ATaystal = = ~ Sy
¢ ! C(T)y~T°
% 0.8 { c
e g B T = E ~Y ]_ S
0.6 JTo
Measured pulses " ~AT T=CA/Gp L R( 7_)thermistor = RoeV T
0.4
T~ NTD : Low temperatures
G,  Thermistor 0.2 ‘
SR ]
% 200

L1 Sy n . v/ Energy resolution (0.1%)
400 600 800 1000 .
Time [ms] X Slow SIgnals
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Complete energy spectrum fit (M1) G S

&GS
|

104 -

10°

10?

10!

Counts/keV

10°

Energy (keV)
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Counts/keV

(Data-MC)/Data

Other new sources: 2°Sr
Default fit Srao fit

JAGS Reconstruction - M1 (Main) JAGS Reconstruction - M1 (Sr90)
! I I [ T T T
Data - M1 Data - M1
."L_\‘ H'-‘_“‘ )
: o I rl —— JAGS reconstruction . Dy 1 —— JAGS reconstruction |
10 ==_ ..-.,.J L. - 10 =_ ..-MJ I-\ i
e “_\-\_|
107 Lk'ﬁ. H L 102 Lk_,‘ ! . | B
Nl DL,
2 |
10! g 10 |
10° 100

(Data-MC)/Data

Q Q Q Q
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¥ & s S T S A A A ) »

o Q Q o
‘,’Q' "0' ‘)Q' ‘)0' 4,0' "Q' 4,0‘ c,°'
S 9 v o
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o
O O o O
9 A L g

Strongly correlated with 2v - keep in mind for the systematics
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BEFORE

AFTER

)

Other new sources: 198™Ag
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Low energy contribution i

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

k) floor), sum of their energy
% 10 10 l
§ E E — Histo floor 1
o 9= 9
F — Histo floor 1 - — Histo floor 2
8 — Hiisto floor 2 8— —— Histo floor 3
2 f— — Histo floor 3 7 f_ — Histo floor 4
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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

te=1 TopPb_238U ay TopPb_210Bi

0.9 1 ]

0.8 4

N -
} ;
| 0.6

Norm. factor
Norm. factor
o
~

2
+ 4 ’ ¢
¢ ’ ¢
11 0.5 -
0 v e = T 0.4 : . - :
» » > & N4 & @ o ) ~ 1 o
A A S S S & > < &~ S & S
o S
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BDPT working point setting -0
MEASUREMENTS SETUP
NTD thermistors can work in a wide range of | 300
temperatures, however a good biasing configuration 3500 .f ¥ .
needs to be selected: o 8 - 250
3000 A P
- Best signal to noise working point 25001 ® o @ 200 <
5 2000 | & 1 ° L 150 ‘%‘_
— A T I L :
1500 A ° <
Ry/2 — = ® 100 O
1000{ ®® ° °
[ ]
] 500 - : " ° 'Y >0
‘/bias : Rdet (T)§ Vdet (T) ® Optimal WP " ® ([ J
041 @ o
s 0 2 4 6 8 10
ek} Vbias [V]
RL/2 e—oO
AN —
NTD biasing circuit

25
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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
g, measurement can be
transported to the 0vSp
momentum range

Interesting to study
and test nuclear model

—_
o

Counts/h /2 keV

1. Acquired data with two different crystals
containing *°In

2. I'm currently simulating the expected
background to be subtracted

3. TForeseen fit of the S spectrum with

200400 600 800 1000 1200 1400 | theoretical model templates

G S Energy [keV]
ET Stefano Ghislandi
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Surface contamination with milli-Kelvin silicon detector

S
I

1 More sensitive experiments require
stringent limits on material contamination
1 Surface alpha contamination most

prominent background source in many
experiments

Detectors tested @ LNGS

b
>
o
-
w
=
n
i}
o
=
Qo
O

10°

—
S
[§8)

[S—
)
(@) LALL B ALl B L)

[E—

G
High performance screening of o surface
contamination

Large area silicon cryogenic detector array

Promising preliminary results:
J Low energy threshold (~ 2 keV)
1 Good energy resolution (order %)
O High radiopurity (<70 nBq / cm?)

147Sm

1A 0 Y

2000 4000 6000

Energy [keV]
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RES-NOVA

2 Newly-proposed experiment for detection of neutrinos from astrophysical sources

1 Array of cryogenic detectors
J PbWO, with archeological lead
- high radiopurity - low background in the CEvNS

Testing radiopurity of ~ kg PBWO, crystals @ LNGS

104 i

103 i

208T|

Counts / (ton-keV:-s)

[
o
N

2000 4000

226R 45

210pq

222Rn
218P0

6000
Energy [keVq]

PbWO,: 509 ton's

214Bi_214po

10000

A
o
o
Counts / (kg-keV-d)

=
o
—

Table 1 Evaluated internal radioactive contaminations for the PbWO4
crystal. Nuclides of the decay chains with longer half-lives are listed.

Limits are at 90% CL

Chain Nuclide Activity
[mBg/kg]

232Th 232Th <0.04

228Th 0.80 £ 0.09
238y 238y <0.03

B4y <0.03

230Th <0.04

226Ra 11.34 +0.35

210pp,210pg 22.50 £ 0.49
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