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CUORE Experiment’
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* The new standard for the cryogenic calorimeters
searching for neutrino-less double beta decay:

1. One ton of active detectors with hundreds of kg
of BB emitting isotope

Energy resolution ~ 0.1%
3. BKG in the Rol ~ 250 counts/ton in 5 y data taking
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CUPID: CUORE Upgrade
with Particle |Dentification

CUPID Interest Group arXiv:1504.03612v1

SN S el el e  Possibility to use the CUORE
=5 1 i 1 infrastructure for a future ton-

' e 0L scale OvVBPB experiment with a
sensitivity on mgg ~ 10 meV:

2 1. One ton of emitting isotope
=2 (isotopic enrichment)

i “‘;",_4 7 2. BKG in the Rol ~ 1 counts/ton
' (to be demonstrated)

The first certain step is the active a particle rejection



https://arxiv.org/abs/1504.03612v1

Particle Identification
techniques

Light Detector
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Particle Identification
technigues

Light Detector
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Heat signal
With TeO: crystal also ~100 eV signal
too low for the sensitivity of the current light detectors
L. Cardani et al. Appl.Phys.Lett. 107 (2015) 093508
M. Biassoni et al. Eur.Phys.J. C75 (2015) no.10, 480
it 1t L. Pattavina et al., Journal of Low Temp Phys 1-6 (2015)
Intense R&D activities eXDlOItlng TES, KID, K.Schaeffner et. al, Astropart.Phys. 69 (2015) 30-36
, + Neganov-Luke effect M. Willers et al., JINST 10 PO3003 (2015)
i 1 L. Pattavina et al. J.Low.Temp.Phys. 184 (2016) no.1-2, 286-2
techpolc)_gles.. but none Is ready for such L. Gironi et al. Phys.Rev. C94 (2016) no.5, 054608
appl/catlon F. Bellini et al. Appl.Phys.Lett. 110 (2017) 033504

L. Cardani et al. Supercond.Sci.Technol. 31 (2018) 075002
V. Novati et al. Nucl.Instrum.Meth. (2018)
L. Bergé Phys.Rev. C97 (2018) no.3, 032501



Particle Identification
techniques

Light Detector A
N © OvBR
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a light detector i £ E
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* Exploit differences inthe LY & .= 3%

between a and [3/y

Scintillating

interactions —> bolometer

>

Heat signal
130Te
But for scintillating crystal like ZnSe or | Ge ‘ 136Xe \ ‘ 6Cd H 8250 “ 100Mo
LioMoO;, the LY is ~ keV/MeV ' A%
Furthermore the higher Q-Value
ensures a lower 3/y background 2 ¢

CUPID-0 -> Zn8%2Se o
scintillating crystals
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CUPID-0: the first demonstrator

o 82Ge OV decay Q-Value: 2998 keV

e 26 ZnSe (24 95% enriched + 2 natural) ->10.5 kg of
ZnSe (3.8x102° 82Se nuclei)

e 31 Ge slabs (Light Detector)

 Arranged in 5 towers

e Assembled in an underground radon free clean-room
@ LNGS

e Hosted in the same CUORE-O0 dilution refrigerator

(Hall A)

e BKG goal in the Rol ~ 10-3 counts/(keV kg y)

[



CUPID-0: towers assembly

O-shape PTFE Light Detector

Cu Structure S-shape PTFE



CUPID-0 time-line

First Result on the Neutrino-less Double Beta Decay of 82Se with CUPID-O0,

Reached base https://doi.org/10.1103/PhysRevl ett.120.232502
temperature T
4 physics (PRL 2018) physics
3.44 kg xy 2.02 kg xy

<+——>

< >

Commissioning 56Co calibration

v

Start cool-down

This talk: full statistics acquired until the end of April: 5.46 kg x y
CUPID-0 continues data-taking.
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https://doi.org/10.1103/PhysRevLett.120.232502

Energy calibration to B/y
Interactions

Example of energy spectrum in periodical calibration runs (all Channels)
825e

counts

y lines from thoriated
wires used for energy
calibration
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Detector response function

Response to monochromatic energy release (208T] y line)
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Energy calibration to B/y
Interactions

Cross-check with 56Co calibration (Q-value ~ 4.57 MeV, T1/2 ~ 77 days)
825363

counts
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Cross-check result
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Energy resolution in ROI = (22.5 + 1.2) keV FWHM

Consistent with (23.0 + 0.6) keV extracted fr%m 232Th calibration, used for PRL analysis



Physics spectrum 5.46 kgxy
ZnSe

Cosmogenic activation

D10

2 F e Rejection of “non-particle-
E like” events through pulse
< 10 shape on thermal pulses.
§ e Anti-coincidence between
3 ZnSe crystals

107!
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Energy [keV]

Ti2=(9.2+0.7) - 1019yr A. S. Barabash, https://doi.org/10.1016/j.nuclphysa.2015.01.001
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https://doi.org/10.1016/j.nuclphysa.2015.01.001

[counts/(keV kg-yr)]

Physics spectrum 5.46 kgxy
ZnSe

Cosmogenic activation

10° = 65fn
- e Rejection of “non-particle-
like” events through pulse
10 shape on thermal pulses.
* Anti-coincidence between
ZnSe crystals

107!

approximately symmetric
1000 1200 14¢0 1600 1800 2000 2200 2400 2600 2800 3000 3200 5round Qgg (2800-3200 keV)
Energy [keV]

Tip=(9240.7)- 10°yr  A. S. Barabash, https://doi.org/10.1016/j.nuclphysa.2015.01.001
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https://doi.org/10.1016/j.nuclphysa.2015.01.001

Rol energy spectrum

[counts/keV/kg/y]
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BKG = (3.2 £ 0.4)x10-2 counts/(keV kg yr)
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a rejection with light shape
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Cut optimized in the Rol with a
pure B/y sample -> conservative at
high energy
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Rol energy spectrum + a
rejection

Heat Spectrum

* Rejection of “non-particle-like”

events through pulse shape on
thermal pulses.

* Anti-coincidence between ZnSe

1 crystals
N ol o ool y
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BKG = (3.2 + 0.4)x10-2 counts/(keV kg yr)
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Light Shape Parameter [a.u.]

B/y background from

Internal contaminations

(R
|’y
(§]

Th
: -LBlt—GOGm
N o 36% B+Y 64%
;".:..':
N Tag | Q=6207keV = 2254 keV
%71 1=3.05m *1°Po =299 ns
..................................................................... B"’Y 100% o 100%
L " Q: 5001 keV Q: 8954 keV
' . v \4
.'-'-..-'::I.'-'..ﬁ-:'...r'.l e 208ph  stable

800 2000 3000 4000 3000 6000 7000 8000 _ 9000
Energy [keV]

We apply a 3 half-life time

veto after all 212Bi a events

Rejection of the 208T| induced background (internal crystal contamination)
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B/y background from
iInternal&surface contaminations

— 20p; - ['h
= . % -.'.. ;
E‘ 18 LS ;;@ .‘.. i
- : o \ 4
O . ' 1y - L
g 16[= S : 22 1=60.6m
5 1E i o 36% B+y 64%
Q—d g _('% Tn
s 12 . Tag Q= 6207 keV Q= 2254 keV
S 10k 3 '
<= 5, 39
2 T 5 7] 1=3.05m *12Po =299 ns
;5' 6 -’-...'....-..--X.\. .......................................................... B+,Y 100% oL 100%
4 Q= 5001 keV Q= 8954 keV
2 i _ v v
?.:':]131-1 S | L B 208ph  stable

000 2000 3000 4000 3000 6000 7000 8000 _ 9000
Ener keV . )
By [keVl We apply a 3 half-life time

veto after all 212Bi a events
Rejection of the 208T| induced background (internal crystal contamination)

Surface crystal contamination -> we veto after all a interactions with energy between 2
and 6.5 MeV
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[counts/keV/kg/y]

Rol energy spectrum + a rejection
+ Delayed coincidences veto

Heat Spectrum

* Rejection of “non-particle-like”
events through pulse shape on
thermal pulses.
* Anti-coincidence between ZnSe
crystals
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All cuts efficiency 93+2%
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Energy [keV] 7 events survive all cuts

UEML SIMULTANEOUS FIT OVER THE DATASETS
BKG = 3.271% x 10 ?counts/(keV - kg - y)
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Results
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No evidence of Ovp33 signal -> Bayesian Lower Limit Tlo/l/z — 40 X 1024 yI @ 90% CI

: A. S. Barabash and V. B. Brudanin (NEMO), Phys.
23
Previous value from Nemo 3.6x1023yr "% yy Nl 74, 312 (2011), arXiv:1002.2862.
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Background budget

e Events triggered by many ZnSe to derive
normalization for W interactions

e Comparison simulation/data in ROI

e Muon’s interactions give important contribution
to the ROI

1.8+ 0.2+0.5] x 1O_Scounts/(kev kg -y)

e Easily suppressed: more packed (CUORE-
like) array or muon-veto

* Now increase statistics to investigate other
background contributions
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Conclusions

The first next generation Ov33 demonstrator is smoothly in data taking from
June 2017

The complete a background rejection was demonstrated and allows to reach
an unprecedented BKG level for a bolometric experiment

BKG = 32717 x 10 3counts/(keV - kg - y)

The analysis of the first data (5.46 kg y of ZnSe) allows to put the best limits
on 82Se Ov3f3 half-life

TV, = 4.0 x 10%* yr @ 90% C.I

We plan to reach an exposure of 10 kg y of ZnSe in order to obtain a reliable
background model
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Cut optimization

— — 10
s -
PN <
& Y Remove energy-dependency of
= £ the shape parameters for
%‘ ; energy-independent cuts
= -5 . ¢ ’
o I
| | L 9
-10 1 2 3 4
Energy [MeV! Energy [MeV|]
> If . :
. . 2 0.95 e 1T v bmsf_ :
Study the efficiency of signaland .2 't Y © IF y o
. 2 085 + \V)O 952_ + :
background as a function of the S0 7 RN : +
M E 0.95 :
cut 0.6F le 5 :
0.5} BKG 0.85¢
04! ! 0.8F
Chose the cut value that 03 €s 0.75¢
optimizes the signal-to- 02F 0.7¢ +
backgrdound ratio 0.1F 0.65¢
O:""""" il 06B i1, é

1 2 3 4 5 é % I 2 3 éll 5I 7I
| Scaled Decay Time| [A.U.] | Scaled Decay Time | [A.U.]



Light detector efficiency

Choose events with M>5 (electromagnetic showers induced by muons interactions)

almost pure B/y sample

Study the distribution of the light shape parameter

Set the cut to have 100% efficiency on these events
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Heat detector efficiency

Fit of the most prominent peak (6°Zn) validated on 49K peak and M2 events
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2V[P

e 2x10° events of 2v[3[3 collected
 Now analysis of half-life

CUPID-O0 - Final spectrum
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