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A 106CdWQ, crystal (215.4 g) enrichedin 196Cd at 66 % was
grown and usedin three previousstagesof the experiment

Stage 1 (2012): 19CdWO, crystal was fixed inside a cavity in the central

part of a polystyrene light-guide. The experimental apparatus was located in
the DAMA/R&D setup at LNGS.

Stage 2 (2016): 198CdWQ, crystal in coincidence with 4 ultra-low-background
HPGe detectors of the GeMulti setup of the STELLA (SubTErranean Low
Level Assay) facility at LNGS.

Stage 3 (2020): at low background DAMA/CRYS setup located at LNGS.
106CdWQ, detector in coincidence with two large-volume CdWOQ, scintillators
detectors in close geometry to improve the detection efficiency to " quanta
emitted in the ! | processes in 106Cd.




THE NEW EXPERIMENT
INSTALLED IN THE
DAMA/R&D SETUP AT
LNGS

106CdW04 in DAMA R&D
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- 106CdWGQ, is housedin a cylindrical cut-out of the two
CdWQ, scintillators which almost completelyenvelop
the enrichedcrystal
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' An eventby-eventDAQ recordspulsesin caseof:
' an eventwith E>500keV in 196CdWQO, detector,

- 106CdWQO, detector in coincidencewith at least one
of the CdWOQO, counters
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‘ | Jlation:
Five Contaminants

|\/Ior\ Fe ,'ar|o S
Rac

238 chain 238J9 234, 234J9 230Th, 230Th9 226Ra, 226Ra0
210Pp, 210Phg  206Ph,

232Th chain 232Th9 228Ra, 228RaQ 228Th, 228ThQ 208Pp,
40K
Theseweresimulatedin the following materialsof the setup:

108CdWOy; the two quartz light-guides
the two natural CdWO, | connected to CdWOQ,s;
crystals; the quartz light-guide connected
Plastic light-guide; to 196CdWOy;
the optical couplants; the "copper internal" volume;
the teflon tapes; the "copper external" volume;
the teflon details, which the PMTs coupled to CdWOys;
include the teflon spring and the PMT coupled to the
support 1 and 2; 106CdWO, detector.

Alsa: 56Co, 6°Co in copperinternal and 113Cd, 113Cd in the three CdWOQO, crystals
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Data taking and energy
calibration

| The energy scale was calibrated using 22Na, 89%Co,
13Ba, 137Cs, and 228Th " sources. The data taking
started in October 2019 and it is still in progress. In
this work, a total time of accumulated data of
466.64 d is considered.
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106CdWO,

Shape Indicator
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PULSE SHAPE DISCRIMINATION OF a AND y(f)

EVENTS
| The difference in CdWOQ, scintillation pulse shape for . particles (" The mean value of the shape
quanta) and can be used in order to suppress the indicator vs energy IS represented
background caused by / radioactive contamination of the detectors due together with 1: intervals for the
to the residual contamination in 23°Th and 238 with their daughters. 106CdWO, detector and also $: . -
I} -, .
SI =5 f(tx) x P(tr)/ > f(tx) intervalsfor the CdWGQ, scintillators




EXPERIMENTAL SPECTRAAFTER
EVENT SELECTIONS

Energyspectra
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ENERGY SPECTRA WITH ac [
BACKGROUND MODEL 102 L

The 0% function used for the fit was estimated with the 10
maximum likelihood estimator, which takes into account
the Poissonian nature of the fluctuations in the

experimental bins. 1L Il |
For each contaminant considered, the relative model was i TN \N
introduced for each of the two spectra, but with bt oo DU \
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The measuredenergyspectrumdoesnot contain peculiaritieswhich could be ascribed
to !I' decayprocessesn 19%Cd. Therefore the data have been analyzedestimating
lower half-life limits, usingthe following formula

where

N is the numberof 1%Cd nucleiin the 106CdWQ, crystal (* + , -, / 01" );

I is the detection efficiencyfor the processof decay(calculatedas a ratio of the eventsnumber
in the signal model which satisfiesthe investigated experimentalcondition, to the number of
generatedevents;

t is the time of measurement$466.64 d);

lim S is the number of events of the effect searchedfor, which can be excludedat a given
confidencelevel (C.L.; all limits on 22 processesn 106Cd are given at the 90% C.L. in the
presentstudy).
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SEARCH FOR&& PROCESSES
THROUGH THE STUDY OF TRIPLE
COINCIDENCES

SEARCH FOR&& PROCESSESBY
FITTING THE MEASURED SPECTRA

Spectrumof 19CdWQ, in coincidencewith events
at energykE = (+11/ $:) keV in both of the two
natural CdWQO, scintillators 9
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Simulated .. models were added to the
background model in the fit of the AC
spectrum plus the CC511 spectrum.

decay model summed up to the
background model is normalized to one decay,
i.e. it is divided by the total number of
generated decays (and the PSD cut efficiency

Decay, Level of 1°°Pd n limit Ty /5 [yr] at 90% C.L.
0v2e 21512 0.003 > 2.6 x 10%0
2veft g.s. 0.016 > 1.6 x 102!
2uveft 21512 0.037 > 3.5 x 102!
2ueBt 211128 0.023 > 2.1 x 10%!
2vefBT 011134 0.027 > 2.6 x 102!

OveBt g.s. 0.035 > 3.3 x 102!
OveBt 27512 0.043 > 4.0 x 102!
OveSt 211128 0.028 > 2.6 x 102!
OveBt 071134 0.030 > 2.8 x 102!

202671 g.s. 0.050 > 4.6 x 102!
20281 21512 0.046 > 4.3 x 10%!

0v2B* g.s. 0.051 > 4.7 x 102!
0v28+ 21512 0.046 > 4.3 x 10%!

is also taken into account).
Therefore the fit directly returns the total
number of decays attributable to the searched
process i.e. 123.

According to Feldman &  Cousins[127]
procedure, an upper limit on 123 (90% C.L.)
is calculated.

Decay, Level of '%Pd S/n lim(S/n) | limit T, 5 [yr] at 90% C.L.
0v2e g.s. 194 + 105 367 > 2.5 x 102
Res. 0v2K 2718 —22 + 143 214 > 4.3 x 100
Res. OvKL; 472741 132 + 102 300 > 3.1 x 1020
Res. OvK L3 2,372748 | —39 4+ 98 124 > 7.4 x 1020

[127 Feldman G.J.; Cousins R.D. Unified approachto the
classicalstatistical analysisof smallsignals Phys Rev D57,

1998 38733889



Decay, Level of '"Pd | Exp. selection [ limit 7}/, [yr] at 90% C.L. C O N C I_ U S I O N S &
Best prmgt Best previous
0v2€ g.s. AC&CC511 >25x 10 > 1.0 x 10%1[10) S S

0v2e 27512 CC511&511 >26x10% | >5.1x 10%°[10) R E U I— T
Res. 0v2K 2718 AC&CC511 >43x10% | >29x10*([12)
Res. OvK Ly 472741 AC&CC511 >3.1x10% | >9.0x 10%°[10]
Res. OvK L3 2,372748 AC&CC511 >74x10% | >1.4x10?[1]]
2veB™ g.s. CC 511&511 >1.6x102 | >2.1 x10?![12]
2velt 2512 CC 511&511 >35x102 | >2.7x10%[12]
2vet 2+1128 CC 511&511 221x10" | >1.3x10?[12]
2ueft 071134 CC 511&511 >26x102 | >1.1x10%[1]]
Oved* g.s. CC511&511 >33x102 | >1.4x 10?212
OveBt 21512 CC511&511 >4.0x102 | >9.7 x 10?![12]
OveSt 2+1128 CC511&511 >26x10" | >1.1x10%2[12)
Ovet 071134 CC 511&511 >28x10 | >1.9x10% [11]
2w23% g.s. CC 511&511 >46x10 | >23x10?(1]]
2028+ 27512 CC 511&511 >43x102 | >25x10%[11]
0v28* gas. CC511&511 >4.7x 102 | >5.9x10%[12)
028+ 2+512 CC511&511 >43x 102 | > 4.0 x 10** [12]

[10] Belli, P.; Bernabei, R.; Boiko, R.S.; Brudanin V.B.; Cappella,F.; Caracciolo,V.; Cerulli R;
Chernyak D.M.; Danevich F.A.; dOAngeldS. et al Searchfor double! decayprocessen 196Cd with
the help of a 196CdWQ, crystal scintillator. Phys Rew C 85, 2012 044610

[11] Belli, P.; Bernabei,R.; Brudanin V.B.; Cappella,F.; Caracciolo,V.; Cerulli R.; Chernyak D.M.;
Danevich F.A.; dOAngeloS.; Di Marco, A.; et al Searchfor double! decayin 1°¢Cd with an
enriched 19%6CdwWQ, crystal scintillator in coincidencewith four HPGe detectors Phys Rev C 93,
2016 045502

[12) Belli, P. et al Searchfor Double Beta Decay of 1%€Cd with an Enriched 1%CdWQ, Crystal
Scintillator in Coincidencewnith CdWQ, Scintillation Counters Universes, 202Q 182




