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Scintillating cryogenic calorimeters

Scintillating calorimeters operating at

. Absorber Light - Heat\Sink
cryogenic temperature ~10 mK — double oetocor feat Sin
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Weak Thermal Link (Ge-NTD thermistor)
e Thermal Sensors
e Source = detector — High efficiency (GonTD o
Absorber  —1 R
Scintillating Crystal Light Reflector
. 0 (ZnSe) T (Vikuiti 3M®)
e Excellent energy resolution (<1%)
e Modular design — large scalability
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The CUPID"O deteCtOr In Jan 2019 the CUPID-0 collaboration has

made an upgrade of the detector, starting

e 24 7ZnSe crystals enriched at >95% of 82Se + the so-called “Phase II” of the experiment.
two natural ones + 31 Ge Light detectors
PS LOcated at LNGS Phase I Phase I1

e Qpp(82Se) = (2997.9 + 0.3) keV — low
background region

e Total mass: 10.5 kg ZnSe
e GeNTD thermistors as temperature sensors

e Reflective foils to increase light collection
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Coincidence analysis

Thermal Sensors
2.8x3x1 mms3
(Ge-NTD thermistor)

Absorber —

Scintillating Crystal Light Reflector |
(ZnSe) (Vikuiti 3M®) M 2




- 1F — >
CUPID-0 results o A — 0
&D B + o Rejection ] ﬁ
; | _ + Delayed Coincidences Veto - §2]
. . y ayesian upper limit + measured backgroun n =
Important milestones to validate the use of 2o e 2% &l Bayesian upperfimit @ background S
. . . . . . 7)) — — 10
scintillating cryogenic calorimeters in the search g F -
for OvpP: S [ i
o | ' 1072 = ‘
Final Result on the Neutrinoless Double Beta . m J “T17 i I TIRE L
Decay of Se-82 with CUPID-0
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Background model

MONTE CARLO
SIMULATIONS OF
BACKGROUND SOURCE
SPECTRA

EXPERIMENTAL
DATA

Analysis of background
source signatures

Comprehension of the
background in the ROI

ACTIVITY OF BACKGROUND SOURCES i: Spectral shape analyses

Predictions
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Phase I vs. Phase 11 - experimental spectra

* a-contaminations have the same activity in phase-I
and phase-II

 Cosmogenic activation isotopes decay

* Higher alpha continuum from close component
contaminations (10 mK)

e 2vBp is dominant up to 3 MeV
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Multiplicity = 2 — events hitting two
crystals simultaneously
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M2 = single energy deposition
in both the crystals
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Simulations
e A GEANT4 based software taking into

Holder
account the detector geometry generates a
series on Monte Carlo spectra
e The simulations are processed with a Crystals &
custom software to implement Reflectors

experimental features on simulated data
(energy and time resolution, coincidences,
particle identification...)

* Degenerate spectra are grouped together in
a single simulation Phase-1 — Reflectors + Holders
Phase-II — Holders + 10mK

Contaminants

* Long-living radioisotope (232Th, 238U, 235U, 40K) with the possible breaks of the chains — Crystals,
Holders and Cryostat

* Cosmogenic activation products of Copper and ZnSe (65Zn, 69Co, 54Mn) — Crystals and Holders
* Muons — Environment

e 2V
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Background model fit

Combined Bayesian fit on 8 experimental experimental spectra [(M1a, M1b, M2, M2sum) X 2]
with the Just Another Gibbs Sample (JAGS). It uses Markov Chain Monte Carlo to sample the joint

posterior pdf of the scale parameters.

Constraints on all the long living isotopes to have the same activity between phase-I and phase-II
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Background in the ROI

2|ZBi
12 = 60.55 m

The delayed coincidence

cut is applied on the data W) Lz

and simulations as well to m m

reproduce the background — kev ——
BR =100 % BR 100 %

in the region of interest.

208p},
stable

Component ROI,;, rate [10~° counts/keV /kg/yr]
phase-I (only) phase-I (comb.) phase-II (comb.)
Crystals 11.7+0.6 755 89405 75 76+0.4 757

Near Components 2.140.3 172
Cryostat & Shields 5.9+ 1.3 172

3.6+0.3 !
8.0+ 1.5 133

5.4+0.9 98
6.8+ 1.0 £33

Muons 153+1.3+25 1544+0.7+25 153+0.7+25
2080 6.0+ 0.02 7913 593 +0.03 99 531+0.03 £20
Total 41+2 79 12+2 7] 10+2 72
Experimental 35 75" 35 T 55 1%

Experimental phase-2 - e
Experimental phase-1 - ——e—f
Total - :
Muons A :
Crystals - 1
Cryostat and Shields - : ,
. phase-1
2V 66 1 , phase-2
- Data
Close components - —  Syst.
107 101 102

Background index [10™* counts/(keV x kg x year)]

Systematics: threshold, binning, energy

calibration and source location



2vp halt-life measurement

Phasel + Phasell 2vpp Activity = [8.63 = 0.04 (stat.)] mBqg

Fit systematics are combined with the sum in

quadrature of the 68% difference between the Reference o molk -
The uncertainties on the efficiencies and the enrichment Hhis work 1,
are included as nuisance parameters and marginalised in Calibration (-0.51%) -
the statistical error Prior distributions (-0.07%) 1

« identification (-0.01%) -
+ Fit Systematics (‘|‘ 1 OO/O) (-07%) Reduced list (-0.02%) 1
+ Stat. uncertainty (i06%) Source location (-0.70%) -
+Theoretical uncertainty (0.3%) (SSD vs. HSD) Threshold (-0.41%) -
= (+1.2%)(-0.9%) 908t /90Y (+1.36%) -

)

Fixed step binning (-0.06%) -

Final result:

7y = [8.69 + 0.05(stat.) 1000 (syst.) | X 10%yr
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2vp halt-life measurement

Final result

TZI/ —

i = [8 69 + (0.05(stat. )+O O6(syst.)] X 1()19yr

0.09

Using as Phase Space Factor the value

2V = (1.996 + 0.028) x 10713

The final result on the nuclear matrix element is:

eff 0.0006
% = (0.0760 J_f 00007
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Backup slides
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Reconstruction

Phase I Phase II
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] data phase-1 data phase-2
' — Cryostat 1 —— Cryostat
107 4 y 107 4 y
; —— Crystals ; —— Crystals
] | —— (Close components ] —— C(Close components
104 = —— Muons 10t ™ —— Muons
- 23 SN A 20
100 E 100 - |
10! 5 10! 5 k

Counts phase-1 / (keV kg yr)
Counts phase-2 / (keV kg yr)

10-3 m H”Jf’- 1073

107°

107°

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Energy [keV] Energy [keV]

14



Phase II setup

* The reflecting foils are removed for a better
background comprehension using the
coincidence analysis

e Additional shield at the 10mK stage facing
directly the detectors

Coincidence analysis

M1 j"&/
w2 Wy
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Contaminants

* Long-living radioisotope (232Th, 238U, 235U, 40K) with the possible breaks of the chains — Crystals,
Holders and Cryostat

e Cosmogenic activation products of Copper and ZnSe (95Zn, 0Co, 54Mn) — Crystals and Holders
* Muons — Environment

e 2VBP
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*2Ra-*!%Pb Monte Carlo spectra M, (Exp. spectrum)
. . , _ : —— C(rystals Bulk

Crystals Surf. 10nm
— Crystals Surf. 10um
Reflectors Bulk
Reflectors Surf. 10um

Crystal contaminants are
modeled with different depth
profiles:
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A = depth parameter
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Correlation matrices Cryostat & shields

Close components
Crystals

Phasel Phasell

1.00 S10mK_210PbSx10nm_P2 - 1.00
CCEVOE;t—f;;S—E ] S10mK_210PbSx10um_P2 -
ryoExt_238U_ S10mK_210PbSx1um P2 -
CryoExt_40K_P1 S10mK_232ThSx10um_P2 -
CryoExt_60Co_P1 S10mK_238U_210PbSx10um_P2 - L 0.75
Cryolnt_232Th_P1 - 0.75 S10mK_54Mn_P2 - '
Cryolnt_238U_P1 S10mK_58Co P2 -
Cryolnt_40K_P1 S10mK_60Co_P2 -
Cryolnt_60Co_P1 CryoExt_232Th_P2
Holder_232ThSx10um_P1 0.50 CryoExt_238U_P2 0.50
Holder 238USx10um _P1 : CCFVEE;‘tgggK—gg
ryoEx o]
Holder 54Mn_P1 -
° erK,I ”—Pl Cryolnt_232Th_P2
uons_ Cryolnt_238U_P2
Pb4cm_bremm200 P1 Cryoint_40K_P2 0.25
PbRom_232Th_P1 0.25 Cryolnt_60Co_P2 '
PbRom_238U_P1 Holder_232ThSx10um_P2
VM_210PbSx10nm_P1 Holder_238U_210PbSx10um_P2
VM_210PbSx10um_P1 Muons_P2
VM_238USx10um_P1 0.00 Pb4cm_bremm?200_P2 0.00
VM_232ThSx10um_P1 : PbRom_232Th_P2
ZnSe 1475m P1 PbRom_238U_P2
ZnSe_2108b_P1 Sl
ZnSe_210PbSx1nm_P1 " ZnSe 210Pb P2 —-0.25
ZnSe_226Ra_210PbSx10nm_BiPo_P1 —0.25 ZnSe 226Ra_210PbSx10nm_BiPo_P2 '
ZnSe_226Ra_210Pbe10um_BiPo_P1 ZnSe_226Ra_210Pbe10um_BiPo_P2
ZnSe 226Ra_210Pb BiPo P1  ZnSe_226Ra_210Pb_BiPo_P2
ZnSe_228RaSx10nm_BiPo P1 ZnSe_228RaSx10nm_BiPo P2
ZnSe_228RaSx10um_BiPo_P1 0.50 ZnSe_228RaSx10um_BiPo_P2 —0.50
ZnSe 228Ra_BiPo_P1 e ZnSe _228Ra_BiPo_P2
ZnSe_231Pa_P1 ZnSe_231Pa_P2
ZnSe 232Th 228Ra_P1 ZnSe_232Th_228Ra_P2
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ZnSe_40K_P1 ZnSe_60Co_P2
ZnSe_60Co_P1 ZnSe_65Zn_P2 N 1.00
ZnSe_65Zn_P1 [ T
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Correlation matrices

10" 5

Looking at the region of interest of the -~
OvBp for the 82Se (~“3MeV) the main A — Gl oo
background come from crystals wes
contaminations, the 232Th chain in e
particular. 2B

12 = 60.55 m g
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This can be reduced exploiting the delayed  Qu =6207 '<eV¢ ¢Q6=2254 keV W
BR =359% BR = 64.1 % :
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COinCidence analySiS 10_;800 28|5O 29|()0 29|50 3()'00 30|50 31|O() 31|5O 3200
208T| o
. Ti2=3.05m T2 =299 ns
1. Tag the alpha decays from 212Bj |
: TS Qg = 5001 keV & = 8954 keV " data phase-2
2. Reject all the events occurring in BR = 100 % l l BR = 100 % — G
forward 21mins (7 x 208T| half-life) — — i componas
= 10%5 2vpp

—_
3
(o]

The same cut is applied on the simulations

to reproduce the background index in the ° W =)
ROI ) Uig
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Systematics

Fit systematic uncertainties added:

e Switch off all the priors
e No alpha identification
e phase-ll efficiency

® 30SrY — strongest effect

Simulated events
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Calibration

Prior distributions

Source location (-0.70%

Threshold (-0.41%

NSr /MY (+1.36%
Fixed step binning (-0.06%
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Reconstruction
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