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Introduction: Ovp decay, Majorana v, v mass
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Even-even nuclides for Ov33 search
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Y Larger natural abundance for less effort in enrichment
B Detector-izability
@ Higher Q-value for less ambient/natural y background

@ Longer le/yz for less background
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Molvbdenum-100

Among 0Ovf3p3 decay candidate isotopes

* Q=23034 keV

 Natural abundance = 9.7%

. T7% = (7.1 £0.1) x 10'® yr by CUPID [PRL 131, 162501 (2023).
= °
L
. TV > 2.9 x 10** yr at 90% C.L. by AMoRE-| = 86
IPRL 134, 082501 (2025)]. =

* Shell-model (SM) calculation of the nuclear matrix element (NME)
was carried out rather recently [PRC 105, 034312 (2022)],
compared to other 33 nuclides. | |

* Scintillation crystals can be made
e XaMopOc.—Li2Mo004, CaMo004, PbMo00O4, NaoMo207, ...
 Experiments: NEMO-3, CUPID, AMoRE
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Experiments using 1%Mo—AMoRE, CUPID; NEMO-3
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FiguresT — courtesy of M. Agostini et al,
Rev. Mod. Phys. 95, 025002 (2023)
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AMORE key features

» Scintillation crystals from enriched Mo-100: CaMoQO4 (CMO), Li2MoO4 (LMO).

* Metallic magnetic calorimeter (MMC) for low temperature sensor.

* Sensitivity goal for Mo-100 Ov@G half-life ~ 4x1026 yr, {mgg) ~ 18 —52 meV.

* Energy resolution ~ 10 keV FWHM at Qgz=3034 keV,
 Background goal at ROl ~ 10-4 count/keV/kg/yr (ckky).
 Conducted in 3 phases:
 AMoRE-pilot: 6 CMO crystals, 1.9 kg.
 AMoRE-I: 13 CMO + 5 LMOQ, 6.1 kg in total
» Data taking completed in Y2L.
* AMOoORE-II: 90 LMO (27 kg) > 360 XMO (157 kQ)

° Bemg prepared N Yem”ab- Sunkee Kim, Fedor Danevich, Hongjoo Kim, Vasily Kornoukov, and Yeougduk Kim,
from left to right, Photograph taken in 2006, courtesy of Hongjoo.
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AMORE Collaboration

More than 100 members from 27 institutes in 10 (6 Asian) countries
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40Ca1Mo04 / Li21%9Mo0O4 (CMO/LMO)

Crystals for AMoRE
* Produced at NIIC (RUS) and at CUP/IBS.

* For radio-purification and crystal growth, see:
JINST 15 C07032 & C07035 (2020), Front.in Phys. 12, 1362209 (2024)

* Mo-100 enrichment ~ 95-96%
* Depletion of 48Ca in CMOQO, to reduce 2vf background

 CMO shows higher light yield (better particle ID), LMO shows less internal radioactivity.
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JINST 15, C07035 (2020)
Yoomin Oh / AMoRE 9 ANPHhA 2025 @ Taipei

J. Phys. Conf. 1468, 012144 (2020) / TAUP 2019



AMOoRE physics using CMO/LMO crystals

* OvBP

» 100Mo (B3 decay to exited
state(s) of 100Ru

* Bosonic neutrino?
e 2(0)v2EC of 40Ca
* Solar axion
* Majoron

e Dark matter

Yoomin Oh / AMoRE

100Tc

0"  ty2=7.1x1018
Qss = 3034 keV X

100Mo 0+
~1 %
- L 1130.3 keV
Y 2T
T 539.5 keV
y +
"'99% v Og.s.
B6 decay of 100Mo 100RY
tyo = 53.3 d Be
Qec = 861.8 keV
7L i* EC
tio =73 fs 10.4%
477.6 keV
axion 4
Stable 89.6%
Li Solar axion search scheme
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AMORE detector module

Light detector

(Si)
)
absorber .
Sensor LioMoQO4
‘ to SQUID crystal
Phonon
thermal bath

reflector collector

Metallic Magnetic Calorimeter (MMC) MMC/.SQU|D
Figure courtesy of D. Hengstler et al (2015) for heat
AE (AT) AMOoRE-II detector module
! Eur. Phys. J. C 85, 172 (2025)
AM (MMC)
1
Al (SQUID)
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Detector response

Fast signal timing among cryogenic detectors
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* Signals readout using dedicated ADC (by NOTICE Korea) at
100k sampling/sec, with 18 (16 for AMoRE-II) bit resolution in
+/-5 Vpp dynamic range for each channel.

* Heat signal rise-time (10-90%) ~ 1-5 ms, depending on:

= » Temperature, g
Light 3= -
15 - o = B
> * Crystal surface condition, e .
7 - j e ey
3 * Thermal connections = .
S 5F — ol o physics p
<EE . . . C% . B aE e rectangular waverform
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| | | | | for smaller pile-up back- cl -ieisi= sawtooth waveform
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Averaged 2.6 MGV—Y S|gnals of C.1. typical heat signal of CUPID,
an LMO detector in AMoRE-| Phys. Rev. C 104, 015501 (2021)
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Detector performances 1. Energy response
Wide dynamic range, linearity and resolution
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Detector performances 2. Particle identification
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R&D data using LMO crystals at surface laboratory
[reference]

* Surface a’s contribute the background at ROI.

* Discrimination utilizing difference in scintillation light quenching.
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Data analysis and background rejection

AMORE-I, Phys. Rev. Lett. 134, 082501 (2025)
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* Energy calibration using external y source (Th-contained welding rods).
* B/y, a discrimination: pulse shape (PSD), light/heat ratio.

* Anti-coincidences: between crystals, with muons, or with tagged a’s (212Bi).
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AMoRE-pilot (2015-8) and AMoRE-I (2020-23)

at Yangyang Underground Laboratory (Y2L)

* Detector principle demonstration

* Background source identification, reduction,
and realistic modeling.
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* Scalability and long-term stable operation.

Muon counter
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EPJ C 79, 791 (2019), Astropart. Phys. 162, 102991 (2024), PRL 134, 182501 (2025)
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From Yangyang (Y2L) and to Yemilab

angyang Pumped Storage Power Station

* Operation for 20+ years since 2003.
By CUP/IBS from 2013.

e |Lab area ~ 300 m=2.

* Access by car using paved road.

 AMoRE-pilot, AMoRE-I, COSINE-100, KIMS...

Yoomin Oh / AMoRE

17

Mt. Yemi

' _
K 1r ne

Operation since October 2022.
Lab area ~ 3000 m=,

Access using (man-ride elevator) | (unpaved
rampway) and paved access tunnel.

AMoRE-Il, COSINE-100U, v-EYE, ...
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AMORE-Il preparation in Yemilab

——

AMOoORE Hall in Yemilab

Plastic scintillator

U counter
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AMORE-II detector towers and shieldinc

Bottom 6cm module
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Expected background
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AMoRE-Il sensitivity
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Summary and closinc

 AMOoRE for Ovf33 decay of 190Mo, using scintillation crystals in the cryogenic detector system.
* AMoRE-Il aiming at conquering effective Majorana mass at tens of meV range.

* Cooling test, part cleaning, and sensors test are ongoing.

* Jaking data starts soon.

* Nuclear Matrix Element: hoping to have much improved input from nuclear physics.
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Backup slides




AMOoORE and CUPID

 |IBS-INFN Global Research Center for neutrinos and dark matter has been established, in October 2015.
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Physics of Ov[33 decay

Majorana particle, and effective Majorana mass
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Search for Ovp3f3 decay

Experimental sensitivity: function of mass-time exposure and background
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1/2 A b . A Aror: energy resolution at the energy range of interest (ROI),
ROI b: number of background events at ROI in a unit energy and mass-time exposure.
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