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DAMA set-ups
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facility
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(in preparation)

Collaboration:

Roma Tor Vergata, Roma La Sapienza, LNGS, IHEP/Beljing

+ by-products and small scale expts.. INR-Kiev + other institutions

+ neutron meas.. ENEA-Frascati, ENEA-Casaccia

+in some studies on BB decays (DST-MAE & Inter-Univ. project): lIT Kharagpur and Ropar, India

web site: http://people.romaz2.infn.it/dama



Main results obtained with DAMA set-ups in
the search for rare processes

* First or improved results in the search for 23 decays of ~30 candidate isotopes: 4°Ca, %¢Ca, 48Ca,
64Zn' 70zn’ 1OOMO, 96RU, 104RU, 106Cd’ 108Cd' 114Cd' 116Cd’ 112Sn’ 124Sn’ 134Xe’ 136Xe’ 13083, 136Ce' 138C€,

142Ce, 156Dy, 1°8Dy, 180\, 186\\ 184Qg, 192Qs, 190Pt and 198Pt (observed 2v2B decay in %Mo, 116Cd)

* The best experimental sensitivities in the field for 23 decays with positron emission (1°Cd)
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Decay modes for Double Beta Decay (DBD)

(A2) = (A,Z+2) + 2e + 2v,

@ (AZ) > (AZ-2) + 2e" + 2v, 2v Double Beta Decay (2vfp)
I h Model
(A2) +e, > (AZ-2) +e* + 2v, allowed by the Standard Mode

already observed — t ~1018 — 10?2 yr
(A2) + 2e, —> (A,Z-2) + 2v,

(AZ) > (AZ+2) + 2e-

@ (A2) = (A,Z-2) + 2e* neutrinoless Double Beta Decay (0vpp)
| never observed except
(AZ) +e, > (Al-2) +e Klapdor’s meas. - t => 10%° yr
(AZ) +2e, > (AZ-2) +y
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Investigation of 23 decay of 11°Cd with
enriched *CdWO, crystal scintillators

JD. Vergados et al., TMPE 25, n.11(2016)1630007

1031

116Cd 10°
One of the best isotope for Ov23 decay 10”7
search: —
> 10

. §=7.49(18)% — 10
e possible high isotopic enrichment 1073
« promising theoretical calculation 104 NH:

1 IH:

116CdWO, crystal scintillators

Grown by the low-thermal-gradient Czochralski Recrystalliz.  AURORA exp.
technique after deep purification of 11Cd and W; & &
+ annealing to improve the optical transmission curve

v' Good optical and scintillation properties

v 118CdWO, crystals enriched at 82%

v' Active source approach (high detection efficiency)
v' Low levels of internal contamination in (U, Th, K)

v o/ discrimination capability




THE AURORA EXPERIMENT IN THE DAMA/R&D SET-UP

Two enriched *CdWQO, crystal
scintillators

(total mass: 1.162 kg, 6Cd @ 82%)
v’ Started in 2011

v' Upgrade - March 2014
v" Total live time since 2014: 25037 h

v’ Background level at 2.7-2.9 MeV:

0.1 counts/keV/kg/yr

PRD 98 (2018) 092007
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DATA ANALYSIS: PULSE SHAPE ANALYSIS -1

Event-by-event DAQ based on a 1 GS/s 8 bit transient digitizer (operated at 50 MS/s)
records the pulse shape over a time window of 100 us from the *6CdWOQO, detectors
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116CdWO, detector #2, 26831 h.

Good discrimination ability.
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Counts/ 10 keV

DATA ANALYSIS: PULSE SHAPE ANALYSIS - 2

Radioactive contaminations of
116CdWO, crystal scintillators
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Chain Nuclide Activity (mBq/kg)
40 0.22(9)
90g, _ 90y <0.02
1 l{)mAg <0.007
116Cqd 1.138(5)
232TH 232ThH 0.07(2)
28R4 <0.005
228THh 0.020(1)
2351] 2274 ¢ <0.002
238(] 2385 0.58(4)
234y 0.6(1)
230TH <0.13
226R 4 <0.006
210pp 0.70(4)
Total «a 2.14(2)

Spectrum of a events (26831 h, CWO-1

~and CWO-2) and its individual

components



DATA ANALYSIS: PRD 98 (2018) 092007

TIME-AMPLITUDE ANALYSIS OF FAST SUBCHAINS

Selection of subchains: events with known energies and time differences
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DATA ANALYSIS: PRD 98 (2018) 092007
FRONT-EDGE ANALYSIS

Front-edge parameter (rise time) = time between the signal
origin and time of 0.7 of max value

7 7
j\r LS signals pile-ups j\r LS signals pile-ups
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DATA ANALYSIS: RESULTS -1

PRD 98 (2018) 092007

2B2v decay of 116Cd (g.s. to g.s.)
Selection of events: PSD and FE

3 ~2v2p Mecy v YK, 1461 keV (@)

l

12T, 2615 keV

.....

T \ T ‘ T ‘ T T T T — —
1000 2000 3000
Energy (keV)

T \ T ‘ T ‘ T T T T ‘ T T
1000 2000 3000
Energy (keV)

v(B) energy spectrum, CWO-1

and CWO-2, 26831 h together
with the main components

Background model:

1. internal contaminations of CWOs by
4OK’ 9OSF/9OY, 110mAg’ 232'|'h’ 238U

2. external y’s from Cu shield, PMTs,
quartz light-guides (*°K, Th/U)

Initial kinematics: DECAYO generator
Simulations: EGS4

Starting point: 640-1600 keV (20 keV step)
Final point: 2800-3600 keV
v2/ndf =1.15 - 1.75

Best fit (720 — 3560 keV, y2/ndf = 1.15):
92923+388 2[32v events

(126341+£527 in the whole spectrum)

T,,(2B2v) = (2.630 £ 0.011(stat))x10° yr



DATA ANALYSIS: RESULTS - 2

TABLE IV. Systematic uncertainties of 7, (%).

NMEgs = 1/(GyyxT15)Y?

Source

TABLE V. Effective nuclear matrix elements for 202/ decay of

Number of "6Cd nuclei

PSD and front-edge cuts efficiency

Model of background

Localization of radioactive contaminations
Interval of the fit

Energy scale mstability

202 spectral shape

Total systematic error

Contributi - : :
OMIPUHION 164 to the ground state of ''%Sn obtained by using different

$0.12 calculations of the phase space factors.
nad
322 Phase space factor (107! yr=), Effective nuclear
'f.'.‘['_g:; Reference matrix element
% 2764 [68] 0.1173%50054
ill% 3176 [68] (SSD model) ().1()94;{?_-{?[?%’_3
o 2688 [69] 0:1130+000]
i [68] J. Kotila and E lachello, PRC 85 (2012) 034316

[69] M. Mirea et al., Rom. Rep. Phys. 67 (2015) 872

T12(2B2v) = (2.630 £ 0.011(stat)*0-113_j ;,5(sys))x101° yr
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AURORA: PRD 98 (2018) 092007
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DATA ANALYSIS: RESULTS - 3
2B0v decay of 116Cd (g.s. to g.s.) PRD 98 (2018) 092007
26831 h + 8493 h from previous stage with background rate
~0.1 counts/(keV kg yr) at 2.7-2.9 MeV = 35324 h

apca @ | Best fit: 2160-3740 keV, y2/ndf = 1.01
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DATA ANALYSIS: RESULTS - 4

2B decays to excited levels, 2B0v decays with majoron(s) emission,

Lorentz violating 2B2v decay

Fit of experimental spectrum by background model + 232v
distribution + additional distribution for transition to excited state
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TABLE VL

16Cd. The limits are given at 90% C.L., except of the results
of [47], obtained at 68% C.L.

Transition, Best previous
Decay level of limits (yr)
mode 1165 (keV) Ty (y1) Reference
2u g.s. (_2_63:8:115) x109yr  see Table I
and Fig. 12

2v 2+ (1294) >9.8 x 1020 >2.3 x 102! [48]
2v 0t (1757) >5.9 x 1020 >2.0 x 102! [48]
2v 0t (2027) =14 5102 >2.0 x 10%! [48]
2v 2+ (2112) >2.5 x 102! >1.7 x 102 [47]
v 2+ (2225) >7.5 x 102! >1.0 x 1020 [47]
Ov g.s. >2.2 x 102 >1.7 x 10 [32]
Ov 2+ (1294) >7.1 x 1022 >2.9 x 102 [32]
Ov 0t (1757) >4.5 x 1022 >1.4 x 1022 [32]
Ov 0t (2027) >3.1 x 10?2 >0.6 x 102% [32]
Ov 2+ (2112) 3.7 5% 102 >1.7 x 1020 [47]
Ov 2+(2025) >3.4 x 10?2 >1.0 x 1020 [47]
0uy’n =1 g.s. >822 10%>  >85>¢10% [45]
Ouy’n =2 gas. >4.1x 1021 >1.7 x 10! [32]
Oyy’n =3 g.s. >2.6 x 1021 >0.8 x 10%! [32]
0uy % n g.s. >2.6 x 1021 >0.8 x 10%! [32]
2uLVn = 4 g.s. >1.2 310 co
0uy’On =7 g.s. >89 102  >4.110" [77]

AURORA RESULTS

Summary of the obtained results on 2/ processes in

TABLE VII. Limits on lepton-number violating parameters.
The limits are given at 90% C.L.

Limit
< (1.0= 1.7} eV

Parameter

Effective light Majorana
neutrino mass (m,)

Effective heavy Majorana >(10 —28) x 10° GeV
neutrino mass |(m;')|™!

Right-handed current < (1.8-22)x 107"
admixture (4)

Right-handed current < (1.6-21)x 1078
admixture (1)

Coupling constant of
neutrino with majoron (g,,)

2 =1 < (6.1-9.3) x 107

)(D, =13 <7710

P’y n=3 < (0.69 -6.9)

PP.n=17 < (0.57-5.7)

<2.5%x 107 x f (see text)

y icih °(3 -6
Lorentz-violating parameter af}f) <40x107™ GeV

ar P at1 A . 1/
R-parity violating parameter A},

PRD 98 (2018) 092007

NME for m,:

J. Barea et al., PRC 91 (2015 034304 (IBM)

FE Simkovic et al., PRC 87 (2013) 045501 (QRPA)
N.L. Vaquero et al., PRL 111 (2013) 142501 (EDFT)

J. Hyvérinen et al., PRC 91 (2015) 024613 (pnQRPA)
L.S. Song et al., PRC 95 (2017) 024305 (EDFT)

PSF:
J. Katila, F. lachello, PRC 85 (2012) 034316




CONCLUSIONS

After near 5 yr of data taking at LNGS (3600 m w.e.), the Aurora
experiment to investigate 23 processes in 116Cd with 1.162 kg of
enriched (82%) 116CdWO, scintillators is finished

T,/, for 2B2v is precisely measured: T,,,(232v) = 2.63%0-11 ; ,,x1019 yr
The most stringent limit for 280v is obtained: T,,,(2B0v) > 2.2x1023 yr,

equivalent to Majorana v mass limits: m, < 1.0 - 1.7 eV (depending
on NME)

Limits on 232v and 230v decays to excited levels: T,,, > 1020 — 1022 yr

Limits on 230v decays with different majorons: T,,, > 1021 — 1022 yr

Limits on right-nanded admixtures in weak interaction, heavy v mass,
majoron-neutrino coupling constants, Lorentz-violating 232v decay

R&D's in progress to achieve even higher sensitivity
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