G S
S

GRAN SASSO
SCIENCE INSTITUTE

Societa Italiana di Fisica

W/

arch for neutr;

-

A
ran Sasso Science Institute) on b

106° congresso S
- -~

-




Why to search for ovf3f3?

* Lepton Number Violation process (AL = 2),
not conserving the B-L symmetry of the

SM;

* Validation of the see-saw mechanism;

* Neutrinos coincide with their antiparticles

(Majorana particles);

* Limits on neutrinos absolute mass scale:
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2v mode:

Allowed in SM:

Already observed for
several nuclei;

Half-lives of the order
_ 1018 - 102! Y;

Neutrinoless double beta decay

ov mode:
* Not allowed in SM;
* Never observed;

* Limits on the Half-life:
Tin >10%5-1020 y;



Counts / keV (normalized)

Experimental search

Main experimental signature:

Monochromatic peak centered at Qgg
over the 2vpp tail;

Two body decay:
(A, Z) - (A, Z+2)+ 2e”

Energy [keV]

Experimental sensitivity:

M-T
Schxe\/
b-A

* ¢: detection efficiency;

* M: source mass [kg];
* T: measure time [y];
* b: background rate [counts/keV/kg/y];

* A: experimental resolution [keV];

At zero background limit: Sy, xe-M - T



The CUORE experiment

* Ton-scale: 998 TeOz2 crystals;
* Total 13°Te mass: 206 kg;

* Qpp(18°Te) = 2530 keV;
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Counts / 4 keV

* Main background: degraded o particles;

* B.l.: (1.4 £ 0.2)x102 counts/keV/kg/y;

as from Bi-Po

1000 2000 3000 4000 5000 6000 For the bolometric technique and the thermal model
Reconstructed Energy (ke'V) see S. Quitadamo’s talk (link).
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https://agenda.infn.it/event/23656/contributions/121488/attachments/75226/96123/simone_quitadamo_905_compressed.mp4
https://agenda.infn.it/event/23656/contributions/121488/attachments/75226/96123/simone_quitadamo_905_compressed.mp4

Needs for particle ID with cryogenic calorimeters...



Scintillating cryogenic calorimeters

Scintillating calorimeters operating at
cryogenic temperature ~10 mK — double
read-out via heat & light.

* Source = detector — High efficiency;

* Excellent energy resolution (<1%);

* Modular design — large scalability;

* Possibility to study different isotopes;

* LY. #LYp and shape parameters allow
Particle identification;

More on I.Nutini’s invited talk (link);
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https://congresso2020.sif.it/rubin/
https://congresso2020.sif.it/rubin/

The CUPID project

Next generation ton-scale experiment based on

enriched Li,’o°MoQ, scintillating crystals
(arXiv:1907.09376);

Qgpp(1°°Mo) = 30335 keV;
Target Bl ~ 104 counts/keV/kg /y;

Expected to cover the entire inverted mass
hierarchy of neutrino mass;

Pilot experiments:

* CUPID-0 — enriched Zn32Se crystals;

* CUPID-Mo — enriched Li,*°MoQO, crystals;

Cuore Upgrade with Particle
IDentification

Experimental state-of-the-art
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https://arxiv.org/abs/1907.09376
https://arxiv.org/abs/1907.09376
https://agenda.infn.it/event/23656/contributions/120453/attachments/74985/95666/SIF2020_AlbertoRessa.mp4
https://agenda.infn.it/event/23656/contributions/120453/attachments/74985/95666/SIF2020_AlbertoRessa.mp4

The CUPID-0 experiment

KDeat‘ector CODD)
* Located at LNGS;
. Zn&Se
* 24 ZnSe crystals enriched at >95% of 82Se + o~
two natural ones; - ™

* Qpp(®2Se) = (29097.9 = 0.3) keV — low
background region;

\

* 31 Ge Light detectors;
* GeNTD thermistors as temperature Sensors;

* Reflective foils to increase light collection;
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* Total mass: 10.5 kg ZnSe;
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CUPID-O: search for 828e Ovfp3

* Final exposure: 9.95 kg x y;

* Resolution at Qﬁﬁ (20.05 + 0.34) keV; EB = Final Heat Spectrum _§
. . > F + o Rejection =
* T.xn (OVBP 82Se) > 2.5 x 1024 % C.I. limit); S T -
v2 (OVBP %25€) > 3.5 x 1024y (90% C ); > | HEE + Delayed Coincidences Veto -
o o o o g
5.0 x 1024y (Median Sensitivity); 2o =
107 E | I | | | | | !
] , , W10

1033

Energy [keV]

Removing 203T] events: Phys. Rev. Lett. 123, 032501 (201

= 3.5 x 103 counts/(keV kg y)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.032501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.032501

CUPID-0: background model

| | Eur. Phys. J. C 79, 583 (201
Crucial step towards the comprehension of . OE — T e
. . e — : : : : —_
the background in experiments based on P e o s (11
. L. : : S ; —— Crystals (**U)
scintillating calorimeters. i -  Crystals (others)
0 = Reflectors
— Cryostat & Shields
10 = —— Muons
ROI (2.8 - 3.2 MeV) e Y SR =t S v 0 U RO
Component ROl 4 rate Source ROIyx 4 rate § nu” [
(10~ %counts/(keV kg yr)) (10~ %counts/(keV kg yr)) T8 e SO S SOC ST SN e N TR Ih
232Th_ bulk 3.4+ 0.6 & 0.1 = T '|
Crystals 11.74+0.6 T3 282Th-surf 34405 T2 10°2 ;_ ________________________________________________________________________________________________________________________ \- L AR )
238 U—_surf 49403 50 = LL ; J-III-U’
232 3 B ] ] ] ] ] ] | | | | l l | | l l l | | | l l l ':I__
Reflectors & Holder 2.1 4+0.3 J_r%,?) 238$h i;j 0.3 té:g 10 5(|)0 lOl()O 15|OO 20|()O 25|()O 30|OO I (ke%S)IOO
Cryostat & Shields  5.9+1.3 772 i 35413 25 0
Tyosia e : 9 _2.9 2387 24 +0.4 —_Fé; ® ~44 /O mUOnS;
Subtotal 19.84+1.475°
Muons 15.3+1.3+2.5 o _nn0 1 1 .
2v 30 6.0 £ 0.3 (< 3 x 1075 counts/(keV kg yr) in [2.95-3.05] MeV range) 33 /O ContamlnathnS Znse CrySta]S’
Total 4142 13 0
Experimental 35 téo * ~17 /O CryOSta't;

* ~06% reflecting foil and holders;
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https://link.springer.com/article/10.1140/epjc/s10052-019-7078-8
https://link.springer.com/article/10.1140/epjc/s10052-019-7078-8

Most precise measurement of 2v3f3 half-life:
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Data/Model Ratio

[counts/(keV kg-yr)]

CUPID-0: Measurement of 82Se 2vfp half-life

(syst)] x 10! yr.
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Strong evidence of Single

State Dominance on 2v[3[3
of 825e

SSD: v2/ndf =1.0
HSD: y2/ndf = 1.42

1

Cumulative y°

[counts/(keV kg-yr)]

result awarded with E. Pancini prize - SIF2020

Phys. Rev. Lett. 123, 262501 (201Q)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.262501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.262501

Conclusion & future perspectives

Other physical results...

* First search for Lorentz violation in double
beta decay with scintillating calorimeters

— Phys. Rev. D 100, 092002 (201

* Search of the neutrino-less double beta decay
of 82Se into the excited states of 82Kr with
CUPID-o0

— Eur. Phys. J. C (2018) 78:883

* Search for neutrinoless double beta decay of
647n and 7°Zn with CUPID-o0

— Eur. Phys. J. C (2020) 80: 702
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Upgrade

* Removal of reflecting foils;

* Muon veto surrounding
cryostat;

* Internal copper shield;

Confirmation of the
background model
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.092002
https://link.springer.com/article/10.1140/epjc/s10052-018-6340-9
https://epjc.epj.org/articles/epjc/abs/2020/08/10052_2020_Article_8280/10052_2020_Article_8280.html?mb=0
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.092002
https://link.springer.com/article/10.1140/epjc/s10052-018-6340-9
https://epjc.epj.org/articles/epjc/abs/2020/08/10052_2020_Article_8280/10052_2020_Article_8280.html?mb=0

Thanks for the attention!




