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AMoRE
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0νββ decay
- Lepton number violation
- Majorana particle

- Beyond the Standard Model
- >1025 years of half-life

2νββ decay
- 2nd order beta decay
- Rare nuclear decay

- 1018 < 1022 years of half life

Goal: Search for neutrinoless double beta decay (0νββ) of Molybdenum (100Mo) based scintillating crystals and
low-temperature sensors.



Candidates Q(MeV) N.A. (%)

48Ca→48Ti 4.271 0.187

76Ge→76Se 2.040 7.8

82Se→82Kr 2.995 9.2

96Zr→96Mo 3.350 2.8

100Mo→100Ru 3.034 9.6

110Pd→110Cd 2.013 11.8

116Cd→116Sn 2.802 7.5

124Sn →124Te 2.228 5.64

130Te→130Xe 2.533 34.5

136Xe→136Ba 2.479 8.9

150Nd→150Sm 3.367 5.6

CANDLE

CaF scintillating crystal

GERDA, MAJORANA

Ge crystal

SuperNEMO 

Se foil + tracker

Lucifer(CUPID)

ZnSe scintillating crystal

CUORE

TeO2 crystalCOBRA

CZT crystal
EXO, KamLAND-Zen

Liquid Xe

5

Other 0νββ Experiments



Why 100Mo for AMoRE (0νββ)
 High Q-value () of 3.034MeV

(208Tl→208Pb, the highest & intensive 2.614 MeV γ from nature)

 High natural abundance of 9.7%.

 Relatively short (0) half life expected from theoretical calculation.
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Barea et al., Phy. Rev. Lett. 109, 042501 (2012)



Crystal and Detector module for AMoRE-II
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• Cylindrical crystal (Li2MoO4) size Φ ≲ 5-6 cm/H ≲ 

5cm
• Metallic Magnetic Calorimeter (MMC) + SQUID
• Phonon-Scintillation detection at mill Kelvin

Principle of operation:
• Energy absorption (LMO crystal)
• Photon and phonon generation
• Temperature increase in gold film
• Decrease in magnetization in MMC
• SQUID pick up the changes



AMoRE Collaboration
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A team of more than 100 scientist and expert



AMoRE Experimental Approach
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AMoRE Phases
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Results from AMoRE-pilot and AMoRE-I
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• Increased number of crystals
• More shielding enhancement
• More muon counters
• Supply of Radon free air
• Background level ≈ 0.03 ckky

• Understanding background components 
and reduction of them

• Background level ≈ 0.5 ckky at 2.8 – 3.2 
MeV (neutron-induced 𝛾, crstal internal 
contamination, rock/air-radon 𝛾 )
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Yemilab (new underground laboratory)



Yemilab
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Experimental areaAccess tunnel Refuge

Transportation 
Electric car for 

6 people



AMoRE-II shielding system
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From outside:
• Muon veto
• 70 cm high density 

Polyethylene (HDPE)
• 25cm Lead
• 1 cm Boric acid rubber



Muon Detectors 

Pendo B. Nyanda 13

Plastic Scintillator Muon Detector (PSMD)

Water Cherenkov Muon Detector (WCMD)

PSMD: 2 extruded plastic Scintillator panels + 32 WLS fibers + 4 SiPM
WCMD:  Steel water tank (aligned with reflector-Tyvek)  + DI water + 48PMTs
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Two panels are installed in a box 
made of steel frame and 
aluminum sheets

PS panel (167 x 30 x 1.5 cm) with 2 optical fibers per 
groove (16 grooves)

Covered with a reflector (Tyvek) and black sheet. 
Optical fibers are connected with 2 Sipm.

Two complete panels are mounted together with 
supporter in between (acrery blocks)

PSMD Construction 

Appearance of 2 PS panels after 
fixing WLS fibers and SiPM



PSMD Installation and performance test 
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Ground

• Underground (rough estimation of muon rate ≈ 80 [m-2day-1] 
• Reduced to a factor of 4 compared to Y2L)



WCMD Installation and performance test 
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Tyvek

Water tank installed
with 48 PMTs

filled with 60 tones of
DI water

• Cherenkov light 
spectrum tested 
underground

• About 600 number 
of 
photoelectrons(npe) 
were counted



Summary

• AMoRE-II construction is still ongoing. The detector is expected to be 
installed in December 2023.

• Muon detector installation is completed and commissioning is 
ongoing.

• Muon flux is preliminary measured as  ~80 [m-2day-1].
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IBS dormitory at Yemi
(4 story with total of 12 houses)

IBS ground office at Yemi

Thank you for your attention!
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Back up



20 More quantitatively…
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Sensitivity for AMoRE-II
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• Discovery sensitivity depends on background and 
exposure

• AMoRE-II time schedule: 5yrs
• Background requirements: ~10-4 ckky

Updated AMoRE-II backgrounds estimation



Experimental setup (R & D for WCMD)
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Muon selection was done by selecting charge Q(ADC counts) 
on upper counter > 7000 and lower counter > 8000. 

Muon detection efficiency for WCMD with DI water 

• Detected muons calculated through integral of the 
Cherenkov spectrum.

• Detection Efficiency: 99.7%

Selected muons
(passed through the detector)

MPV = 854.1 ± 1.6 npe

Detected 
muons after 
applying 
selection



AMoRE-II Construction at Yemilab
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ADC modules specifications
PSMD WCMD

Channels 40 4 (2 in 1)

Dynamic
range

2Vpp 2.5Vpp

Resolution 12bit 12bit

Sampling rate 62.5Ms/s 500Ms/s

DAQ Schematic Diagram for Muon detector


