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OvBp search using 1Mo

AMORE:

A search for neutrinoless double beta (OvBp) decay of °“Mo using Mo-
based scintillating crystals and low-temperature sensors.

2v Bp decay 0 v PP dec_:ay
- 2"d order beta decay m:is(;srlgﬁansg:trilglcé

- Rare nuclear decay Beyond the SM model

- (>1018 years of half life) 9‘_3 .
o - >1025 years of half-life
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* Neutrinoless double beta decay:
» Direct measure of Majorana nature of neutrino.

» Lepton number violation process.
 Effective neutrino mass.
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OvBp search using 1Mo

100M0:
— High Qg = 3034 keV
— High natural abundance: 9.7 %
— Scintillation crystals with 1Mo enrichment > 95% —XMo0a0p (XMO):
e X=Cag, LIz, Naz, Zn, Sr, Pb, ...
« Detection of light/heat signal = rejection of surface-a background.
— Relatively short half life (Ovpp) in theoretical expectation
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BpB-decay nuclei
with Q> 2 MeV

48Ca — 48T
’6Ge — 7Se
82Se — 82Kr
9%Zr — %6Ru
1OOM0 - 100Ru
110Pd - 110Cd
116Cd RN 116Sn
124Sn - 124Ge
130Te — 130Xe
136Xe RN 13GBa

150Nd - 1505m

(MeV)
4271
2.040
2SS
3.350
3.034
2.013
2.802
2.228
2.528
2.479
3.367

Abund.
(%)

0.187
7.8
9.2
2.8
9.7

11.8
7.5
5.8

34.2
8.9
5.6
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Detector Module

* Cylindrical CMO and LMO crystals, sizesvary ® >4 cm /H < 5 cm.
« CMO: *8Ca depleted, Qpz (*8Ca) = 4271 keV.
* Metallic magnetic calorimeter (MMC) + SQUID:
 Fast signal timing: a few millisecond rise-time for phonon signals at mK. * Wide dynamic range

* Low random coincidence background. * High linearity
* Energy resolution ~ 10 keV FWHM at 2.6 MeV.

Photon sensors .
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Cryostat & Shielding

Cryogen-free dilution refrigerator.

For AMoRE-pilot and AMoRE-IL.

| External - Muon pp * Now operating at 12 mK with ~1 uW cooling power.
N Pb (y), boron, and polyethylene (n).

Plastic scintillator muon counter.

Yangyang Underground Laboratory (Y2L) at 700 m depth.
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Signal Processing & Analysis

Reflective film

Photon sensors

0.8 | Crystlal 12 (CMO)
ﬂ 0.6 — Rawheat |
_ ' —— filtered
Software trigger for ig: 04
Crystal: ADCs: phonon Signal, f é 0.2
48deplCaMoO s . _ < 00
Li2M0044/ 18-bit resolution, using Butterworth
1 -0.2
100 kHz sampling _
bandpass filter. S ————
—— Raw light
. Trigger threshold: 00 — axfitered |
| - 30-200 keV. g °F
e ]
Phonon sensors E —0.05
g -0.10
* Raw waveform: 015
— baseline/noise informations. e ]
- timings (rise/fall): pulse shape discrimination (PSD). Time (ms)

* Reconstruction for improving energy resolution and £/ a discrimination power (DP):

- Butterworth bandpass filter— mainly for noise suppression:
— pulse amplitude: pulse height or a least square fit to the template signal.

— Stabilization heater signal every 10 seconds to gain drift corrections.
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AMoRE-pilot final result
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L s  Understanding of the background components and reduction of them.
i?%ﬂ* e VU szDFii’;fE?’iE - Background level of ~0.5 counts/keV/kg/yr at 2.8-3.2 MeV.
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AMoRE-pilot — AMoRE-I

« 6 CMO (1.89 kg) = 13 CMO (4.58 kg) + 5 LMO (1.61 kg)
 Total crystal mass = 6.19 kg, 1Mo mass = 3.0 kg
Stabilization heater for all crystals.
* MMC sensor: Au:Er = Ag:Er.
* Using same cryostat + two stage temperature control: (AT) < 1 pK.

Shielding enhancements:
* Outer Pb: 15 = 20 cm; neutron shields: boric acid silicon + more PE / B-PE.
* More muon counter coverage.

* More supply of Rn-free air.
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AMOoRE-I data taking
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Data taking until the end of 2022 (at least)
4.68 kg - year crystal (2.24 kg - year 1°°Mo) exposure is presented here (selected data in blue dotted boxes).
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Energy Calibration
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oo 1« Calibration source: 23?Th-rich welding rods just outside of OVC
2 o0 « Slight non-linearity between signal amplitude and energy.
£ %0 R |« Energy resolution; [8.9-32.7] keV FWHM at 2615 keV.
S | ~15keV in average.
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Particle Identifications, CMO and LMO
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« CMO shows better discrimination power — light yield: CMO > LMO.
* LMO has much less a contamination.
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Background Spectrum
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 All crystal excluding 1 LMO for very poor f/a discrimination power:
13 CMO + 4 LMO: exposure = 4.68 kgxmo * yr = 2.24 kgiso = yr.
 Anti-coincidence cuts reject events:
« coincident at multiple crystals within 2 ms (¢ ~ 99%),
 within 10 ms after a muon counter event (¢ ~ 99.7%),
« within 20 minutes after a 1?Bi a-decay event candidate (¢ ~ 98%).

Counts/kev/kg/year
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Preliminary OvBp limit from AMoRE-|

Counts/keV/kg/year
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AMORE-I Preliminary

—— All crystal (4.68 kg-yr)
—— LMOs (1.07 kg-yr)

' Bkg =0.034+ 0.005 ckky

ROI: [2999, 3066] keV
2vpBB expected

—— 90% limit (illustration only)
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Key parameters for the experimental sensitivity:
Signal ~ efficiency X [isotope mass X time] exposure.
Background ~ radioactivity level at around Qgs and energy resolution.

3200
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Preliminary OvBp limit from AMoRE-|
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ROI to contain most (> 99%) of the 0vfp signal peak, econtainment ~ 81%.

Background = 0.034 + 0.005 counts/keV/kg/year, from ROI side-band.

Combining the result of counting analysis at ROI, with a flat background constraint from the side-
band events for each crystal.

Ty}, > 1.05 x 10** years at 90% C.L.
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AMORE-II In preparation

AMORE-II
Detector module

90 modules (~27 kg LMO)
for the first stage

178 kg'EMO at final

Lo dhed
s

AMoRE-pilot/
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AMORE-II
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AMORE-II in YemiLab

8" PMTs

700mm thick
water

HDPE bloc

Shielding structure
(movable)

Detector

o

stainless steel water tank Mt. Yemi

Rn clean room 1 (EL 2
* Detector room .
* ID : 7.5(W)x12(L)x4.2(H) m3

* 9 changes/day with Rn free air
¢ Class 100

room 2
ation room
00
3. The New
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Limits & Sensitivities
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AMORE-I preliminary

AMoRE-Pilot
T1p>32X% 102% yrs (90% CL)

T1/2>1.05 x 1024 yrs (90% CL)
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 Final results of AMoRE-I with doubled data and further improved analysis.
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» AMoRE-II for T}, > 5 x 102 years by 100 kg of 1%Mo x 5 years running.
 Reduction of background level down below 10 ckky.
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Summary

« AMORE searches for OvBf using 1“*“Mo based scintillation crystals at the
low temperature detector system.

* Preliminary result of AMoRE-I at its mid-point:
« Massxtime exposure: 4.68 (2.24) kg * yr XMO (°°*Mo).
« Background level ~ 0.03 counts/keV/kg/year at 2860-3200 keV.

» Ty > 1.05 x 10%* years.
« AMORE-I data taking will continue at least until end of 2022.

» AMORE-II starts its data taking soon to head for T}, > 5 x 102° years.
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CMO internal background

arXiv:2107.07704
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Background budget for AMoRE-I|

Stainless steel can-
G10 fiberglass tubes{ L
Cu plate under inner lead - [
Lead shield -
SC lead shield
Phonon Cu frame- ......... SR W
Photon Cu frame  tof
Vikuiti reflector{ |
Cubolts1 ol
Pb-Sn solder -
Kapton PCB 1
Stycast 1266 -
Teflon clamps -
Heater
Araldite -
Boric acid powder
Boron silicon rubber -
LMO internal -
2vBB random coincidence
Rock gamma |
Total -

" AMORE-II Goal
for each item

10~7 1076

16

104

Background level in ROI (count/keV/kg/yr)

1073
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Two stage temperature control

Extemal Muon
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