
˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ 
͔͋ͦͦͣͭͪ͡·

˴ͦͪͤͦͯͻ͍ͦ ˤ͙͙͚͊ͫ͡ ˹͙͔͍͙ͦ͊͟͡;
˹ˮ̒̂ ˸ˮ̅ˮ
ˮ̒ˮ ˾ˢ˹

(˸͍ͦͫ͊͟, ˾ ͙ͦͫͫΎ)
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1197-͚ ͔͙ͫͣͤ͊ͪ ͙ͣΦ ˥Φ́Φ˭͊ͼ͔͙ͨͤ͊
ζ˹͔͚͙ͭͪͤͤ͊Ύ ͙ Ύ͔͒ͪͤ͊Ύ ͊ͫͭͪͦͺ͙͙͊͘͟η

нс ͣ͊Ύ нлно ͎Φ



͔͙͔̏ͫͨͪͣͤͭ͟· ͨͦ ͙ͨͦͫͯ͟ ͔͙ͪ͒͟ͻ ͍ͪ͊ͫͨ͊͒ͦ ͙ ͨͪͦͼ͔͍ͫͫͦ ͍ ͙͔ͨͪͪͦ͒
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˨͡Ύ͙ͨͦͫ͊͟Ήͺͺ͔͍ͭͦ͟˹͍͚ͦͦͺ͙͙͙͍ͨͪͦͦ͒͘͟ΎͭͫΎΉ͔͙͔ͫͨͪͣͤͭ͟·ͨͦͨ ͙͚͔ͦͫͯͪ͊ͤ͟͟

͔͙ͪ͒͟ͻ͍͙ͪ͊ͫͨ͊͒ͦͨ ͪͦͼ͔͍͍ͫͫͦͨ ͙͔͍͍ͪͪͦ͒ͦ ͔͔ͪͣͤͤ·ͻͣ͊ͫ΄ͭ͊͋͊ͻΣ͍͙ͫͦͨͦͫͭ͊ͣ·ͻ

͍͔͔͔͙͙ͫͦͪͣͤͣ͗ͤ͘ˤ͔͔͚ͫͤͤͦ͡.

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έ͔ͤͦͤ͊͋͡Ό͔͙͔͙͒ͤͭ͊͟ͻ͔ͪ ͙͒͟ͻͨͪͦͼ͔͍ͫͫͦ.ͣ .͋ ͨͪΎͣ·ͣ

͙͔ͯ͊͊ͤͣͤ͊͘͟˹͍ͦͯΌͺ͙͙ͯ͘͟.

˽͙ͦͫ͟ ͨͪͦͼ͔ͫͫ͊ ͔͔͚͙͎͍͚͚͋ͤͭͪͤͤͦͦ͒ͦͤͦ͘ ͔͋ͭ͊-ͪ͊ͫͨ͊͒

˽͙ͦͫ͟ ͎͙͔͙ͨͦͭͭ;͔͙ͫ͟ͻ ;͙͊ͫͭͼ ͔͚́ͣͤͦ ˸͔͙͙͊ͭͪ

˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͔ͫͦͤ͡;ͤ·ͻ ͔͚͙ͤͭͪͤͦ

ˮ͔͔͙͔ͣͪͤ͘ ͍͔͔͙ͪͣͤ ͙͙͗ͤ͘ ͎͙͍͒ͦͦ͗ͯ͡΅͙ͻ Ύ͔͒ͪΣ ͙͔ͤ͊ͨͪͣͪ ͙͔ͦͣͪ͊͘ 181mTa

(5,6Ҏ1016ҏ1023͔ͭ͡ύ

Χ

˨͡Ύͨͦ͒ͦ͋ͤ·ͻ͙͍ͨͦͫͦͯ͟;͔ͤ·͔ͫͦ͒͊͘Ό͙ͭͤͦ͘͟ͺ͍ͦͤͦ·͔͔͔͒ͭͭͦͪ͟·Σ͍ͭ ͦ;͙͔͙ͣͫ͡

͍͔͍͔ͤ͊ͦͫͤͦͫͪͻ;͙ͫͭ·ͻ͙͍͙ͪͫͭ͊ͦ͟͡͡ Ή͔͔͍ͣͤͭͦ͘͡Σ͊ͭͦͣ·ͦ͟ ͭͦͪ·ͻ͎ͣͦͯͭ

ͪ͊ͫͨ͊͒͊ͭΈͫΎͨͦ͒ͦ͋ͤ·ͣͦ͋ͪ͊ͦͣ͘Σ͊ͭ ͔͔͔͊͗͒ͭͭͦͪ͟͟·Σͦͭͦͪ͟·͔͎ͣͦͯͭͺ͙͙͍ͫͪͦ͊ͭ͟Έ

Ή͙ͭͨͪ ͦͼ͔ͫͫ·.



˽͙ͦͫ͟ ͔͔͚͙͎͍͚͎͋ͤͭͪͤͤͦͦ͒ͦͤͦͦ͘ ͔͋ͭ͊-ͪ͊ͫͨ͊͒͊

ό½Σ!ύ Ҧ ό½ҌнΣ!ύ Ҍ нŜ- + 2 e˄ όҟ[ҐлΣ ͔ͪ͊ͪ͘΄͔ͤ, 76Ge,130Te, 100Mo, 116Cd)

ό½Σ!ύ Ҧ ό½ҌнΣ!ύ Ҍ нŜ- όҟ[ҐнΣ ͤ͊ͪͯ΄͔͊ͭͫΎ, ͤ ͙͎ͦ͒͊͟ ͔ͤ ͤ͊͋͡Ό͒͊ͫ͡Ύ!)

Å ˿ͦͻ͔͙͔ͪ͊ͤͤ ͔͎ͨͭͦͤͤͦͦ͡ ;͙ͫ͊͡όҟ[ҐнύΥ ͍ͤͦ͊Ύ ͺ͙͙͊͘͟?

Å ˽͙ͪͪͦ͒͊ ͣ͊ͫͫ· ͔͚͙ͤͭͪͤͦ(;͙͊ͫͭͼ͊ Majorana͙͡D͙irac?)

Å ˢ͋ͫͦ͡Όͭͤ͊Ύ ΄͊͊͟͡ ͣ͊ͫͫ ͔͚͙ͤͭͪͤͦ(͙͔ͪ͊ͪͻ͙Ύ ͣ͊ͫͫ ͔͚͙ͤͭͪͤͦ)

Å ˿ -˾ͤ͊ͪͯ΄͔͙͔ͤ ͍ ͔ͨͭͦͤͤͦͣ͡ ͔͔ͫͭͦͪ͟
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͍͍͙͔̉ͯͫͭͭ͡ΈͤͦͫͭΈ ˣ˨ˣ˾ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Υ 
͔ͨͪͦ͋ͣ͊͡ ͺͦͤ͊ ͙ Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͪ͊ͪ͘΄͔͙ͤΎ
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˹͔͍͚ͯͦ͡ ͺͦͤ

ζ˹͔͔͍͚ͤͯͦ͡η ͺͦͤ

Bkg= 0.01 ckky
0.1 
0.5 



ˤͦͣͦ͗ͤ͘·͔ ͊ͤ͊͟͡· ͔͔͙͍͙͒ͭͭͪͦ͊ͤ͟Ύ
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Summary plot of discovery sensitivities of current- and next-generation 
0˄ʲʲ-decay experiments (from NSAC LRP White Paper)
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ˤ·͋ͦͪ ͪ͊͋ͦ;͔͎ͦ ͙ͦͭͦͨ͊͘
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Selection: Golden and Silver Isotopes (large Qʲ v̡alue)
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Adopted from Andrea Giuliani, GDR Neutrino meeting, May 29-30 2017 

Qƛǎ ǘƘŜ ŎǊǳŎƛŀƭ ŦŀŎǘƻǊΥ  tƘŀǎŜ {ǇŀŎŜ DόvΣ½ύ Ғ Q5

Background> 2,615 MeV and > 3,27 MeV



˽˻ ̏̆˭ ό˭͔͔͎ͤͦͦͪͫ͟͡Σ ˾͙ͦͫͫΎύΥ ͔͚ͪͯͨͤ͟΄͙͚ ͍ ͙͔ͣͪ ͍͊ͦ͒͘ ͨͦ 
͙͍͍ͨͪͦͦ͒ͫͭͯ͘ ͙ͫͭ͊͋͡Έͤ·ͻ ͙͍ͦͭͦͨͦ͘ ͎͊ͦ͘ͼ͔͙ͤͭͪͺͯ͗ͤ·͔ͣͣͭͦ͒ͦͣ
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˹͔ͦͭͦͪ͟·͔ ͍͙ͨͦͫͭ͊̏̆͟˭Υ
GERDA&MAJORANA: Ge-76 (͒ ͦ 200 ͟ ͎ )
CDEX (CJPL,˴͙͚ͭ͊ύΥ  Ge-76 (200 ͟ ͎ )
AMoRE: Mo-100 (͋ ͔͔ͦ͡ 120 ͟ ͎ύ
EXO: Xe-136 (200 ͟ ͎ύ
NEMO: Mo-100 (13 ͟ ͎ύ
SuperNEMO: Se-82 (7͟ ͎ύ



͔̇ͻ Ѕ ро ό˿͍͔ͭ͊ͤ͊͡ύΣ ̏̆˭ ό˭͔͔͎ͤͦͦͪͫ͟͡Σ ˴ͪ͊ͫͤͦΎ͎ͪͫͦͦ͟ ͪ͊͟Ύ

ˢ͙͚ͤ͊ͭͦ͡ ˹͙͔͍͙ͦ͊͟͡; ͙̊ͯ͋ͤ
(1939 - 2008)
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100MoO3͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·͚ ͼ͙͟͡ ͤ͊ ̏̆˭

Å͙͍͙͔̅ͭͦͪͪͦ͊ͤ:
natMo + 3*F2Ą

natMoF6

(͙͔͙ͨͪͣͫ ͍ ͍͙͔͒ ͎͊͊͘: 235,238UF6 + natWF6 + natGeF4Ҍ Χύ

˻;͙ͫͭ͊͟ ͦͭ: ThF4, RaF2, PaF4, AcF3, KF ςͤ ͔ͭ ͔ͭͯ͡;͙ͻ ͺ͙͍ͭͦͪ͒ͦ

Å͔͙̇ͤͭͪͺ͎͙͍͙͔ͯͪͦ͊ͤ:

1- Ή͚ͭ͊ͨ: natMoF6Ą
98-94MoF6 + (235,238UF6 + natWF6 +100MoF6)

2- Ή͚ͭ͊ͨ: 100MoF6 + (100MoF6 + 235,238UF6 + natWF6)

Å˴͍͔͙ͦͤͪͫΎ(2-ͻ ͔ͫͭͯͨͤ;͊ͭ͊Ύ ζͣͦͪ͊͟Ύη ͻ͙͙ͣΎ):
100MoF6 + H2O + HNO3Ą (evaporation&calcination) Ą 100MoO3

100MoO3 + H2O+ NH3Ą (evaporation&calcination) Ą 100MoO3
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˿͔͙ͪͭͺ͙͊͟ͼ͙Ύ мллMo˻о ό͙͙͔͙ͪ͊͒ͦͨͪͣͫ!)

IE = 97,04%

Total quantity of 100MoO3

produced for R&D 
40Ca100MoO4:

In 2008-2009: 2,5 kg 

In 2012 -2013: 5,75 kg

AMoRE-II : Mo-100 (ʙʦʣʝʝ 120 ʢʛ)

Impurities (ICP MS measurements):
U   Ò0,1 ppb 
Th Ò 0,1 ppb

ʉʝʨʪʠʬʠʢʘʮʠʷ HPGe ʥʘ ɹʅʆ ʀʗʀ ʈɸʅ

226Ra < 2,3 mBq/kg, 228Ac < 3,8 mBq/kg

Chemistry is OK!
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˽ͪͦͣ·΄͔ͤͤ͡·͚ ͔ͫͨ͊ͪ͊ͭͦͪ ˿̂нл ͤ͊ ̅˥̂˽ ̏̆˽ ό˶͔͚ͫͤͦΣ ˿͍͔͍ͪ͒ͦͫ͊͟͡Ύ ͦ͋͡Φύ 
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5-͙ͭ Ή͔ͭ͊͗ͤͦ ͙͔͒͊ͤ͘ ͙ ͎͙ͣ͊ͤͭ ͍͔ͫͦͣ оллл ͭ

˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ό͙ ͊ͨ͊ͫ͘·ύ ͙ͦͭͦͨ͊͘ ˿͊-плΣ ͔͔͎ͦ͋͒ͤͤͤͦͦ ͨͦ ˿͊-48͒͡Ύ Ή͔͙͔ͫͨͪͣͤͭ͊͟ AMoRE)



˹͙͊͡;͙͔Ca40 ͦ ͔͔͎͋͒ͤͤͤͦͦ ͨͦ Ca48  ό̅˥̂˽ ̏̆˽Σ  ˶͔͚ͫͤͦ, 
˿͍͔͍ͪ͒ͦͫ͊͟͡Ύ ͦ͋͡Φ

Ca-40 (40CaCO3)
͍ ͙ͤ͊͡;͙͙Υ

сΣп ͎͟ ς˻ ˴ ͒͡Ύ AMoRE
24,0 ͟ ς͎͍  ͍͙͔͒ ͔͍͙ͨͪ;ͤ·ͻ 
͍͊ͪ͋ͦͤ͊ͭͦ͟ Ca-48 < 0,001%

< 0,005%

ˤ ͔ͭ;͔͙͙ͤ2017ҏ2018
͔΅~͔ 3͎͟

(͊͊͘͘͟ ͦͭ ˨ͯ͋ͤ· ͤ͊ Ca-48)
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ȵɋɖɈɔɓɆɝɆɑɢɓɆɥ ɣɓɋɖɉɎɥ
ɔɘɊɆɝɎ

ȷɒɋɟɋɓɎɥ,

ɈɎɇɖɆɜɎɎ

Athermal
ɚɔɓɔɓɡ

ȮɔɓɎɍɆɜɎɥ
(~30 %)

ȶɆɈɓɔɈɋɗɓɡɋ ɚɔɓɔɓɡ
(ɘɋɕɑɔɘɆ)

̅ͦͤͦͤ:ͭͦ;͔ͤͦ ͙͔͔͙͔ͣͪͤ͘ ͍·͔͔͚͒ͤͤͦ͡ 
ό͚ͫͯͣͣ͊ͪͤͦύ Ή͔͎͙͙ͤͪ

ˮ͙ͦͤ͊͘ͼ͙Ύ/˿ͼ͙͙ͤͭ͡͡Ύͼ͙Ύ:͍·ͻͦ͒ 
͍͙͙͊ͫͭ͘ ͦͭ ͙ͨͪͪͦ͒· ;͙͊ͫͭͼ· ό͙ͦͭ͡;͙͔ 
/̡ -ɹ͙ h-͙͎͍ͫͤ͊ͦ͡ύ

˴͙͎͔ͪͦͤͤ·͔ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͔͔͒ͭͭͦͪ͟·
ͤ͊ ͍͔ͦͫͤͦ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·ͻ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡
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ˮ͙ͫͭͦͪΎ ͙͔͚͒ ͙ ͙ͫͦ͒͊ͤ͘Ύ ͙͎͔ͪͦͤͤ͟·ͻ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·ͻ 
͔͔͍͒ͭͭͦͪͦ͟

(1984 ςмффп ͎͎Φύ

1) ͙͔͔ͤͦͭͣͨͪ͊ͭͯͪͤ͊͘͟Ύ ͙͔͙͊ͦͪͣͭͪ͟͡Ύ

2) ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͚ ͔͋ͦͦͣͭͪ͡ ό͍͔͔ͦ͒ͤͦͪͣͤͤ·͚ ͫΆ͔ͣ ͍͒ͯͻ 
͙͎͍ͫͤ͊ͦ͡ύ

3) ˣ͔ͦͦͣͭͪ͡ ͊͟͟ ͔͔͒ͭͭͦͪ͟ ͍͔͍͎ͫͭͦͦͦ ͙͎ͫͤ͊͊͡ ͍ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤͦͣ 
͙͎͔ͪͦͤͤͦͣ͟ ͔͔͔͒ͭͭͦͪ͟ ό͔͎͙ͪͫͭͪ͊ͼ͙Ύ ͍͔͍͎ͫͭͦͦͦ ͙͎ͫͤ͊͊͡ 
͔͋ͦͦͣͭͪͦͣ͡ύ
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Low temperature calorimetry for rare decay 
(E. Fiorini, T.O. Niikovski, NIM, Vol. 224, Iss. 1-2 (1984) pp.83-84)
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Abstract

Therecentdevelopmentsin undergroundlow-countingexperimentsgive limits to rare decayswhich

are hard to improve sincescalingthe sizeand the resolutionof the combinedsource-detector is

difficult with the existingtechniques. Weexploreherethe possibilityof low-temperaturecalorimetry

to improvethe limits on processessuchasneutrinolessdouble-beta decayandelectrondecay.

˹͔͍͙͔͍͙͙͔͔͒͊ͤͪ͊ͭͨͦ͒ͣͤ͘͘·ͻΉ͔͙͔͍ͫͨͪͣͤͭͦͫͤ͟ ͙͙ͣͫ͘͟;͔ͭͦͣ͒͊Ό͎ͭͦ ͙ͪ͊ͤ;͔͙ͤΎͤ͊ͪ ͔͙͔͒͟

ͪ͊ͫͨ͊͒·Σͦͭͦͪ͟·͔ͭͪͯ͒ͤͦͯͯ͡;΄͙ͭΈΣͨͦͫͦ͟͡Έͯͣ͊ͫ͟΄͙͍͙͔͔͙͔ͭ͊͋ͪͦ͊ͤͪ͊ͣͪ͊ͪ͊ͪ͘͘΄͔͙ͤΎ

͙ͫͭͦ;͙ͤ͊͟-͔͔͒ͭͭͦͪ͊ͫͨͦͣͦ͟΅ΈΌͫͯ΅͔͍ͫͭͯΌ΅͙ͻ͔͍͔ͣͭͦ͒ͦ͊ͭͪͯ͒ͤͤͦ͘. ˸·͔͎͔ͨͪ͒͊͊ͣ͡

͍͙͙͔͔͚͙͔͙͙ͦͣͦ͗ͤͦͫͭͤͦͭͣͨͪ͊ͭͯͪͤͦ͊ͦͪͣͭͪͯͯ͘͘͟͟͡͡;΄͙ͭΈ͎͙ͦͪ͊ͤ;͔͙ͤΎͤ͊ͭ ͙͔͊ͨͪͦ͟ͼ͔ͫͫ·Σ

͔͊͋͟͟ ͔͚͙ͤͭͪͤͤ͘·͚͍͚͚͔͒ͦͤͦ͋ͭ͊-ͪ͊ͫͨ͊͒Ή͙͔ͭͪͦͤͤ͟͡·͚ͪ͊ͫͨ͊͒.

͎̊͊ Ѕм



Low temperature calorimetry for rare decay 
(E. Fiorini, T.O. Niikovski, NIM, Vol. 224, Iss. 1-2 (1984) pp.83-84)
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͎̊͊ Ѕн. ˮ͔͒Ύ ͫͼ͙͙ͤͭ͡͡Ύͼ͙͎ͦͤͤͦͦ ͔͋ͦͦͣͭͪ͊͡ όмфуу ͎Φύ

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ-˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊19

˻͍͔͔͔͔͔͙͍͙͔͍͔͙͒ͤͦͪͣͤͤͦ͒ͭͭͪͦ͊ͤͫͭ͊͟ͺ͍͍ͦͤͦͤͦͣ ͙͙ͦͤͦͪͫͭ͊͟͡͡;͔ͫͦͣͫ͟ͼ͙͙ͤͭ͡͡Ύ͔ͭͦͪ,

ͦͻ͔͊͗͒ͤͤͦͣ͒ͦͦ͡ ;͔ͤΈ͙͚͔͔ͤͦͭͣͨͪ͊ͭͯͪ͘͟·Σ͋·ͦͨͪ͡ ͔͔͒ͦ͗ͤͦ͡1͍988 .͎͊ͤͦ͟͟ ͍·͚͙͔ͤͫͭͪͯͣͤͭ

͒͡Ύ͔͔͙͍͙͒ͭͭͪͦ͊ͤ͟Ύ;͙͊ͫͭͼ(L. Gonzalez-Mestres and D. Perret-Gallix, in έ[ƻǿTemperature

Detectorsfor Neutrinosand Dark Matter - LLέΣProceedingsof LTD-2 AnnecyMay 1988, Editions

Frontieres).

˻͙͗͒͊ͦͫ͡ΈΣ;͍ͭͦͤͦ·͚͔ͣ ͭͦ͒: ͊ύͦ ͔͔͋ͫͨ;͙͔͔ͭͣ͒ͤͤ͡·͔͔͍ͭͨͦ͡·͔͔͔͒ͭͭͦͪ͟·͋·ͫͭͪ·ͣ

͍͔͍ͫͭͦ·ͣͫͭͪͦ͋ͦͫͦͨͦͣ͟Σ;ͭͦͨ ͍͙ͦͦͭͤ͊͘͘͡;͙͔ͭ͡Έͤͦͯͯ͡;΄͙ͭΈ͙ͫͤͻ͙ͪͦͤ͊͘ͼ͙Ό͔͋͘

ͫͯ΅͔͍͔͎ͫͭͤͤͦͦͯͻͯ͒΄͔͙ͤΎ͔ͪ͊ͪ͘΄͔͙ͤΎͨ Ή͔͎͙͙ͦͤͪ; ͋ύͫ ͔͒͊ͭ͡Έ͍͚͙͔͙ͦͣͦ͗ͤͦ͒ͤͭ͘ͺ͙͊͟ͼ͙Ό

;͙͊ͫͭͼͨͦͫ ͦͦͭͤͦ΄͔͙ͤΌ͙͎͍ͫͤ͊ͦ͡ζͺͦͤͦͤκ͍͔ͫͭηΣ͔ͭͣͫ͊ ͣ·ͣͯͯ͡;΄͙͍͍͔͙͔ͨͦ͒͊ͤ͡ͺͦͤ͊.

.́ .͔ ͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙Ύόͫͼ͙͙ͤͭ͡͡Ύͼ͙ΎύͨͦΎ͍͡Ύ͔ͭͫΎ͔͔͍͔ͫͭͫͭͤͤ·͔͙͔͔ͣ͒ͦͨͦͤͤͣ͋ͦͦͣͭͪ͊͡͡Σ.ͭ .͟

͎͙͔͙ͣͤͦͪͫͭ͊͟͡͡·͙͔ͣΌͭͤ͊͘;͙͔ͭ͡Έͤ·͚͍͔͍͚͍ͫͭͦͦ·ͻ͙ͦ͒ͨͪͦ;͔ͤΈ͙͚͔͔͔ͤͦͭͣͨͪ͊ͭͯͪ͘͟.

˽͔͍ͪ͊Ύͦͤͫͭͪͯ͟͟ͼ͙Ύ͚͍͙ͯͫͭͪͦͫͭ͊ͫ ͫͨͦ͡Έ͍͙͔͔ͦ͊ͤͣͦͭ͒͘͡Έͤ·ͻ͒͊ͭ;͙͍ͦ͒͟͡Ύ͔ͪ ͎͙ͫͭͪ͊ͼ͙͙͍͔͙ͫͭ͊

ͺ͍͔͎ͦͤͦͤͦͨͪ͒͊͊͊ͫ͡͡Έ1͍988 .͎ ͍ͪ ͊͋ͦͭ͊ͻGonzalez-Mestres P͙erret-Gallix(Gonzalez-Mestres,

L., andPerret-Gallix, in LowTemperatureDetectorsfor NeutrinosandDarkMatter -LLέΣProceedings

of LTD-2 AnnecyMay1988, EditionsFronti`eres).



͔͍͙́ͪ͋ͦ͊ͤΎ ͟ ͙ͪͫͭ͊͊ͣ͟͡͡ ͫͼ͙͙ͤͭ͡͡Ύͼ͙͎ͦͤͤͦͦ ͔͋ͦͦͣͭͪ͊͡
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-͔͙͔͙͙ͫͦ͒ͤͤ͒ͦ͗ͤͦͫͦͫͭͦ͡ΎͭΈ͙Ή͔͔ͣͤͭ͊͘͡Σ͔ͫͦ͒ͪ͗͊΅͙ͻͪ͊͋ͦ;͙͚͙ͦͭͦͨ͘ς˸ ͦΣZn,Cd,Se,Χ-
͙͔ ͎ͦ͒ͦ ͡Ύ͍ͫ ͔͙͔͙͙ͦ͒ͤͤ͒ͦ͗ͤ͊͋͡·ͭΈͣ͊ ͙ͫͣ͊͟͡Έ͍ͤͦ·͚ͫͦͦ͟.

-͙ͤ͊͡;͙͔ͫͼ͙͙ͤͭ͡͡Ύͼ͙͙͙͍ ·͙͚͍͔͍͚͍ͫͦͫͭͦͦ͟·ͻ͙ͦ͒ͨͪͪ͟ ͙͎͔ͦͤͤ·ͻ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻ

-͔͔ͭͣͨͪ͊ͭͯͪ͊˨͔͋͊ΎɸDό͍͙͡Ύ͔͔͔ͭͤ͊ͭͨͦͣͦͫͭ͟͡Έ͙ͨͪͪ͟ ͙͎͔ͦͤͤ·ͻ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻύΣ

-͔͔͍͔͙ͭͣͨͪ͊ͭͯͪ͊ͨ͊ͤ͡͡Ύό͔͙ͦͫͦ͋ͤͤͦͨͪͨͪ ͙͔͔͙͙͔ͣͤͤ͊͒ͫͦͪ͋ͪ͊TͫES(TransitionEdgeSensor)
Ή͍͔͙͔͔ͫͨͪͣͤͭ͟CRESSTόͤ͊ͨ·͔͙͔͍ͤͦ͡͡Έͺ͍͔ͪ͊ͣ͊ͤ͊ͨͦͪͻͤͦͫͭΈ͙ͪͫͭ͊͊͟͡͡CaWO4)

- ͍͙͔ͦͭͫͯͭͫͭό͙͙͙ͤ͡ ͊͘͟Ύύ͎͙͎͙ͪͦͫͦͨ͟;ͤͦͫͭΈό͍͙͙͔͔͙͙͔͊͗ͤͦͨͪͨͪͣͤͤ͊͒ͫͦͪ͋ͪ͊MͫMC͍
Ή͔͙͔͔ͫͨͪͣͤͭ͟AMoREͨ ͙ͪͤ͊ ͨ·͔͙͙ͤ͡Au/Ag͍͔ͤ͊ͨͦͪͻͤͦͫͭΈ͙ͪͫͭ͊͊͟͡͡LMO)

-͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͺ͍ͦͤͦͤͦόζ͔ͨ ͪͺ͔ͭͤͦͫͭ͟Έη͟ ͙͙ͪͫͭ͊͡͡;͔͚ͫͦͫͭͪͯͭͯͪ͟͟·͙ͣͦͤͦͪͫͭ͊͊͟͡͡ύΣ

-ͨͦ͒ͻͦ͒Ύ΅͊Ύ͙͔͙ͤͭ͊ͫ͟͟ͼ͙͙ͤͭ͡͡Ύͼ͙͙ό͍͔ͪͣΎ͊ͭͯ͘ͻ͙͊ͤΎύ

-͍ͦͣͦ͗ͤͦͫͭ͘Έͦ;͙͙͔͙͙͙͍ͫͭͣ͊ͭͪ͊͊ͦͭͪ͊͒ͦ͊ͭͤ͟͟͡·ͻ͙͔͔͚ͨͪͣͫ

˾Ύ͙͒͘ ͍͔ͫͭͤ·ͻͫͼ͙͙ͤͭ͡͡Ύ͍ͭͦͪͦ(BGO,CdWO4, CaWO4, GSO:Ce,˿͊˸ͦ˻4, YAG:Ce, ..)ͨͪͦΎ͍͡ΎΌͭ

͋·ͫͭͪͯΌ͡Ό͙͔ͣͤͫͼ͔ͤͼ͙Ό͙ͨͪͤ ͙͚͔͔͔͙ͦͭͣͨͪ͊ͭͯͪ͘͟Ύ͍͡ΎΌͭͫΎ͙͙͊ͤ͒͒͊ͭ͊ͣͤ͊ͪ͟ ͦ͡Έ

͎͙͔͔͚ͨͦͦͭͭ͡͡. ˹͔ͦ ͫͭΈ͙͒ ͎͙͔͙ͪͯͪͫͭ͊͟͡͡·Σͦͭͦͪ͟·͔͔ͤͫ ͼ͙͙͙ͤͭͪͯ͡͡Ό͙͚ͭͨͪͦͣͤ͊ͭͤͦ͟

͔͔͔ͭͣͨͪ͊ͭͯͪΣ͙ͫ ͍ͭ͊ͤͦΎͭͫΎ͍ͭ͊ͦ͟·͙͙ͣͨͪͦͻ͔͙͙͊͗͒ͤ͡,͙͔ͤ͊ͨͪͣͪPbMoO4 L͙i2MoO4.



˭͍͙͙͊ͫͣͦͫͭΈ ͍͔͍ͫͭͦ·ͻ͙ͦ͒͊ ͙͔͒ͭ͡͡Έ͙ͤͦͫͭ ͍·͍͔ͫ;͙͍͙͊ͤΎ ˿͊˸ͦ˻4

ͦͭ ͔͔ͭͣͨͪ͊ͭͯͪ·

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪRT ʜʦ 7 ʂ, ʩʚʝʪʦʚʳʭʦʜʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 6 ʨʘʟ

V.B. Mikhailik et al., NIMA 583 (2007) 350

ɸʙʩʦʣʶʪʥʳʡ ʩʚʝʪʦʚʳʭʦʜʉʘʄʦʆ4ʧʨʠ RT: 4900+/-590 ʬʦʪʦʥʦʚ/ʄʵɺ

(H.J. Kim et al., IEEE TNS 57 (2010) 1475)

ʉʚʝʪʦʚʳʭʦʜʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ~ 30,000 ʬʦʪʦʥʦʚ/ʄʵɺ

ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʳʭʦʜʠʟ ʚʩʝʭ ʤʦʣʠʙʜʘʪʦʚ!
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͎̊͊ ЅоΦˣ͔ͦͦͣͭͪ͡ ͊͟͟ ͔͔͒ͭͭͦͪ͟ ͍͔͍͎ͫͭͦͦͦ ͙͎ͫͤ͊͊͡ 
͍ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤͦͣ ͔͔͋ͦͦͣͭͪ͡
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ˮ͔͒Ύ͙ͫ ͨͦ͡Έ͍ͦ͊ͭ͘Έ͔͍͋ͦͦͣͭͪ͊͟͡;͔͍͔͔͔͍͔͍͙͍͔͍ͫͭ͒ͭͭͦͪ͊ͫͭ͊ͦͤ͊ͨͪ͘͟͟͡·͔͍

1994 .͎ -ˣ͙͙ͦ͋ͤ͒ .ͪ [Nucl. Instr. andMeth. A386(1994) 453].

˨͡Ύ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͫͼ͙͙ͤͭ͡͡Ύͼ͙͎ͦͤͤͦͦ ͍͔ͫͭ͊ ͙ͨͪ ͣ˴ͭ ͔͔ͣͨͪ͊ͭͯͪ͊ͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ̅̏̂ 

͔͍ͤͦͣͦ͗ͤͦ͘Υ ͙ͨͪ ͙ͭ͊͟ͻ ͙͙ͤ͘͟ͻ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻ ͺͦͭͦ͊ͭͦ͒͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͍ͤͨͪͦͦ͒Ύ΅͙ͣΦ

˴͔ͪͦͣ ͎ͭͦͦΥ

-͔͙ͣ͊ͭͪ͊͡ ̅̏̂ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ζ͙ͪ͊͒ͦ;͙ͫͭ·ͣηΤ 

-͒͡Ύ ͪ͊͋ͦͭ· ̅̏̂ ͔͔ͭͪ͋ͯͭͫΎ ͍·͔ͫͦͦ͟ ͤ͊ͨͪΎ͔͙͔͗ͤΦ 

˸͙͊ͤͫ͊͟͡Ύ͎͍͙͔͙ͪͯͨͨ͊ͨͪͦ͋ͦ͊͊ͨͪͣͤͭ͡ΈSiPM, ͤͦͦͭ͊͊͊ͫ͘͟͡Έ͙ ͔ͨͪ͒ͨͦ;͊͡

͔͙͋ͦͦͣͭͪ͡;͔͙͚͔ͫͫͤͫͦͪ͟

˴͙͎͔ͪͦͤͤ·͚͔͔͍͔͔͍͒ͭͭͦͪͫͭ͊ͨͪ͒ͫͭ͊͟͡Ύ͔ͭͦ͋·;͚͔ͤͦͫͦ͋ͦͤ ͨͪͦͪ͊͘;ͤ·͔͙ͨ͊ͫͭͤ͡·

͙͍ͪͫͭ͊ͦ͟͡͡Ge͙͡S͙i, ͦͭͦͪ͟·͔͎ͨͦͦ͡΅͊Όͭͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ͺͦͭͦͤ·͙͒͊Ό͙ͭ͘ ͔͙ͣͪͣ·͚

͔͍͚͙͎ͭͨͦͦͫͤ͊͡͡.

̏ͭͦͦͤ͊͘;͔͊ͭΣ;ͭͦͭ͊ ͙͔͒͊ͭ͟;͙͙͟ό͔ͫͤͫͦͪ·ύ͙͔͔ͣͭͨͦͫͭͦΎ͔ͤͤͦͻ͔͙͙͊ͪ͊ͭͪͫͭ͟;͔͔͍͔ͫͦͪͣ͟Ύ

͔͍͋ͦͦͣͭͪͦ͡(20 - 500ͣͫύ͙͙ ͔͔͍͔͔͙ͣͭ͊͗ͤͦͨͪͣͯ΅͔͍͔͔ͫͭͦͨͪ͒̅̏̂: ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ͍

;͔͍ͪ͘·;͚͊ͤͦ΄͙͙͔͙͍ͪͦͦͣ͒͊ͨ͊ͦͤ͒ͤͦ͘͟͡ ͤͦ͡ͅ ͍ͭͦͤͦ.



˴͊͟ ͔ͪ͊͋ͦͭ͊ͭ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͚ ͔͋ͦͦͣͭͪ͡

t=C/G

DT=DE/C

̅ͦͤͦͤ·Υ͔͍ͭͨͦ͡·͔ ͔͙ͦ͋͊ͤ͟͡Ύ ͔ͪ΄͔͙ͭ͟ ͙ͣͦͤͦͪͫͭ͊͊͟͡͡ ͙ͪͫͭ͊͊͟͡͡ (͙͒Ή͔͙ͭͪ͟͟͡Σ ͔͔ͭͪ͋ͯͭͫΎ 

͍͔ͫͦͪ΄͔ͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟Η)

˿ͼ͙͙ͤͭ͡͡Ύͭͦͪ·Υ͍͔΅͔͍ͫͭ͊ ͡Ό͙ͣͤͦͺͦͪ· όNaIΣ ˿͊˸ͦ˻4͙ ͒ͪΦύΣ ͦ͋͊͒͊͡Ό΅͙͔ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͙ͯ͘͡;͊ͭΈ ͍͔ͫͭ ͙ͨͪ 
͎ͨͦͦ͡΅͔͙͙ͤ ͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ ͙ͯ͘͡;͔͙ͤΎ όʴ-͍͍͊ͤͭͦ͟Σ Ή͔͍ͭͪͦͤͦ͟͡Σ ʰ-;͙͊ͫͭͼ ͙ ͭΦ ͒ΦύΦ 
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The CUPID R&D: select the best technology (2017-2018)
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CUORE
TeO2



˴͊ͤ͊͡· ͔͔͙͍͙͒ͭͭͪͦ͊ͤ͟Ύ ͙͎ͫͤ͊͊͡ ͔͔͍͒ͭͭͦͪͦ͟CUORE ͙ CUPID-Mo

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ2͊5

˴͙ͦͣ͋ͤ͊ͼ͙Ύ ͍͒ͯͻ ͔͍ͣͭͦ͒ͦΥ ͫͼ͙͙ͤͭ͡͡Ύͼ͙͎ͦͤͤͦͦ ͙ ͔͙͋ͦͦͣͭͪ͡;͔͎ͫͦͦ͟

- /h ς̡ͦ ͭͤͦ΄͔͙͔ͤ ό͍·ͻͦ͒ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͨͪͪͦ͒· ;͙͊ͫͭͼ· ς͟ ͙͔͙͚ͪͭͪ ͦͭ͋ͦͪ͊) 

-ˣͦͪΈ͋͊ ͫ ͍͔ͨͦͪͻ͚ͤͦͫͭͤͦ ͙͙͍͙ͪ͊͒ͦ͊ͭͤͦͫͭ͟ ό͔͎͒ͪ͊͒͊ͼ͙Ύ ͙͎ͫͤ͊͊͡ύ

CUORE CUORE ͙ CUPID-Mo



˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͙͎͔ͪͦͤͤ͟·ͻ ͔͔͍͒ͭͭͦͪͦ͟
͒͡Ύ ͙ͨͦͫ͊͟ ͔͙ͪ͒͟ͻ ͫͦ͋·͙͚ͭ
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˹͔ͦͭͦͪ͟·͔ ˸ͦ-͔ͫͦ͒ͪ͗͊΅͙͔ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡·Φ 
͒͡Ύ ͙͎͔͎ͪͦͤͤͦͦ͟ ͔͔͒ͭͭͦͪ͊͟AMoRE-II
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Luminescence intensity of different 
crystals at 10 K

(HongJooKim, KNU)

˸ -͔ͦͫͦ͒ͪ͗͊΅͙͔ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡·

͒͡Ύ ͙͎͔͎ͪͦͤͤͦͦ͟ ͔͔͒ͭͭͦͪ͊͟ AMoRE-II



˸͔͙ͭͦ͒͊͟ ͙ͨͦͫ͊͟ ͍ͤͦ·ͻ ͙͍ͪͫͭ͊ͦ͟͡͡ ͒͡Ύ ͔͙͋ͦͦͣͭͪ͡;͔͙ͫ͟ͻ 
͔͔͍͒ͭͭͦͪͦ͟ όKyungPookNational Univ., ˴ ͔ͦͪΎύ
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Low temperature setup (10K). KyungPookNational Univ., ˴ ͔ͦͪΎΦ
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˿͙͔ͤͭ͘ ΄͙ͻͭ·CaMoO4 ό˻˻˻ ˹͔͙ͦ̆ͣ(˸͍ͦͫ͊͟))

˿ͯ΅͔͍ͫͭͯΌͭ ͍͔͒ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͔ͫͤͭ͊͘ ΄͙ͻͭ·CaMoO4 (͙͔͙ͨͪͣͫ < 10-6 ͎κ͎&
͔͔ͦ͋ͫͨ;͔͙͔ͤ ͔ͫͭͻ͙͔͙͙ͦͣͭͪΗ):

1. ͍͔́ͪ͒ͦͺ͊ͤ͘·͚ ͙͔ͫͤͭ͘ ͙͍ͦͫ͒ͦ͟(CaO͙ MoO3) ͫ ͔ͣ΄͊ͤͤ·ͻ ͍ 
͔ͫͭͻ͙͔͙ͦͣͭͪ;͔ͫͦͣ͟ ͫͦͦͭͤͦ΄͔͙͙ͤ

2. ˾͔͊͟ͼ͙Ύ ͫͦ-͔͙ͦͫ͊͗͒ͤΎ

(NH4)6Mo7O24 + 7 Ca(HCOO)2+ 8 NH4OH Ҧ

Ҧ7 CaMoO4 + 14 NH4(HCOO) + 4 H2O

Å ˥͙͍͊ͪ͊ͤͭͪͦ͊ͤͤ͊Ύ ͔ͫͭͻ͙͔͙ͦͣͭͪΎ

Å ˨͙͔ͦͨͦͤͭ͡͡Έͤ͊Ύ ͦ;͙ͫͭ͊͟

- NH4hI ͙ bh3͎ͣͦͯͭ ͋·ͭΈ ͔͎ͦ͟͡ ͔ͯ͒͊ͤ͡· ͙ͨͪ ͨͪͦͣ·͍͔͟ ͙ ͎͔͍͙͙ͤ͊ͪ͊ͤ
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˸͔͙ͭͦ͒͊͟ ̉ͦͻͪ͊͡Έ͎ͫͦͦ͟ ͫ ͙͙ͤͣ͘͟ ͔͔ͭͣͨͪ͊ͭͯͪͤ·ͣ ͎͙͔ͪ͊͒ͤͭͦͣ 
ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊31

˸͔͙ͭͦ͒͊͟ ̉ͦͻͪ͊͡Έ͎ͫͦͦ͟ ͫ ͙͙ͤͣ͘͟ ͔͔ͭͣͨͪ͊ͭͯͪͤ·ͣ ͎͙͔ͪ͊͒ͤͭͦͣ όͪ͊ͪ͊͋ͦͭ͊͘͟ ˮ˹̆ ˿˻ ˾ˢ˹ύ
˾ͦͫͭ ͫ ζͨͦͭͦ͊͟ηΥ ˢΦˢΦ ˽͍͊͡Ό͟Σ мфтр ˸ҌR3+[Mo(W)O4]2M = Li, Na, K, Rb, Cs, Cu, Ag, Au, Tl...R 
= Ln, Bi, In, Sc, Y, Al, Gd, Fe, Cr...
˾ͦͫͭ ͙͘ ͍ͪ͊ͫͨ͊͊͡: 1980-ун ͎͎Φ ˢ͍͙͙͍ͭͦͣ͊ͭͪͦ͊ͤͤ͊͘Ύ ͍͔͙ͪͫΎΥ ̒ΦˤΦ ˤ͙͊ͫ͡Έ͔͍

ˤΦ˹Φ ͔͎͔̊͡͡ΈΦ˨ͦ͊͒͟͡· ͒͡ΎAMoRE



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ ͍ ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹
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ωˤͦ ͍͔ͪͣΎ ͍͔͎ͫͦ ͨͪͦͼ͔ͫͫ͊ ͍·ͪ͊΅͔ͤͤ·͚ ͙ͪͫͭ͊͟͡͡ ͔ͦͫͭ͊ͭͫΎ ͍͙ͤͯͭͪ 

͙͎ͭ͡Ύ

ω˴ͦͤͭͪͦ͡Έ ͍͍͔͘΄͙͍͙͊ͤΎ ͤ͊ ͍͔ͫͻ Ήͭ͊ͨ͊ͻ ͨͪͦͼ͔ͫͫ͊Σ ͍͟͡Ό;͊Ύ ͍͊ͭͪ͊ͯ͘͟

ω˥͙͔ͪ͊͒ͤͭ· ͔͔ͭͣͨͪ͊ͭͯͪ· ͍ ͔͔ͨͪ͒͊͡ͻ лΣлр-мΣл ͎ͪ͊͒κͫͣΦ

ώ͔͔ͣͨͪ͊ͭͯͪͤ·͔ ͺͯͭͯ͊͟͡ͼ͙͙ ͍ ͍͔ͪ͊ͫͨ͊͡Σ ͦ͋·;ͤͦ ͍·͘·͍͊Ό΅͙͔

͙͙ͪͫͭ͊͟͡͡;͔͙͔ͫ͟ ͔͙ͤͦ͒ͤͦͪͦ͒ͤͦͫͭΣ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔ͤ ͍͙͍ͪ͊͊͘ΌͭͫΎ

ω˽ͪͦͼ͔ͫͫ· ͙͔͙ͫͨ͊ͪͤΎ ͙ ͔͙ͪ͊ͦ͗ͤ͘͡Ύ ͍ͨͦ͒͊͡ΎΌͭͫΎ ͪ͊ͫͭͪͯ͋ͦͣ ͭͪͯ͋·Σ 

ͦͭͦͪ͟·͚ ͔ͪ͊͋ͦͭ͊ͭ ͊͟͟ ͙͒ͺͺ͙ͯͦͤͤ͘·͚ ͋͊ͪΈ͔ͪ

ω˾͍͙͙͔͊ͭ͘ ͎͎͎ͣͤͦͦͪ͊ͤͤͦͦ ͙͔ͤͭͪͺ͔͚ͫ͊ ͙ ͔͙͔ͨͪͦ͋͊͒͊ͤ͡ ͚͎ͨͦͫͦͤͦͦ͡ 

͔ͣͻ͙͊ͤͣ͊͘ ͪͦͫͭ͊ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ ͤ͊͘;͔͙͚ͤ Jacsoncriterum

ˤΦ˹Φ ͔͎͔̊͡͡ΈΦ˨ͦ͊͒͟͡· ͒͡ΎAMoRE



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ ͍ ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊33



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ ͍ ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊34



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ ͍ ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊35



˸͙ͦͤͦͪͫͭ͊͟͡͡· Li2
100MoO4 (ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ ˿˻ ˾ˢ˹)

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊36



˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ Ή͔͔ͣͤͭ͡· Li2
100MoO4
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̅ͦͭͦ пл ˿̏ όͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ύ [ahΣ ͙͎͍͔ͦͭͦͤͤ͘͡·ͻ ͍ ˮ˹̆ ͙ͣΦ ˹͙͔͍ͦ͊͊͟͡ 
˿˻ ˾ˢ˹ ͙ ͍͔͒ͦͫͭ͊ͤͤ͡·ͻ ͍ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ͦ͊͋ͦͪ͊͟͡͡ͼ͙͙AMoREό˴͔ͦͪΎύ 



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ ͍ ˢ˻ ζ̅ͦͣͦͫ-˸͔͙͊ͭͪ͊͡·η
ό˸͍ͦͫ͊͟ύ
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˻͍͙͔͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͍·ͪ͊΅͙͍͙͊ͤΎ ͙͍ͪͫͭ͊ͦ͟͡͡Σ ͔͙ͭͪͣ;͔͚ͫͦ͟ ͙ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟
https://newpiezo.com/products/scintillation_elements/

https://newpiezo.com/products/scintillation_elements/


˾͍ͦͫͭͦ͊Ύ ͍ͯͫͭ͊ͤͦ͊͟ ˴˾ˮ˿́ˢ˶˶ -3M 

˴ͦͤͭͪͦ͡Έ ͪͦͫͭ͊
Å̂ ͙ͤ͊͟͡Έ͔ͤͦ ͎ͨͪͦͪ͊ͣͣ·
Å˿ ͍͔͔͔ͦͪͣͤͤͦ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ

͔͎͔͔͎̏ͤͪͦͫ͋ͪ͊Ό΅͙͚ 
͋ͦ͟͡ ͙͙ͨͭ͊ͤΎ
Å˸ ͦ΅ͤͦͫͭΈ- 60 ͟ ˤͭ
Å˿ ͙ͭ͊͋͡ΈͤͦͫͭΈ -°0.05%

˹͊ ͺͦͭͦΥ ˾͍ͦͫͭͦ·͔ ͍͙ͯͫͭ͊ͤͦ͟
ˢ˻ ζ̅ͦͣͦͫ˸͔͙͊ͭͪ͊͡·η

˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊3926.05.2023



˿͙͔ͫͭͣ͊ ͦͤͭͪͦ͟͡Ύ ͪͦͫͭ͊ ͙͍ͪͫͭ͊ͦ͟͡͡ 

˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊4026.05.2023



ˤ·͔͔ͫͦͦͭͣͨͪ͊ͭͯͪͤ͊͟Ύ ͔ͭͪͣͦͦ͋ͪ͊͋ͦͭ͊͟
(Carbolite SFT 15/450)

˿͙͔ͫͭͣ͊ ͒͡Ύ ͙ͦͨͭ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͪͤ͘
(˿͔ͨͭͪͦ͟ͺ͔ͦͭͦͣͭͪ Cary 300 UV-Vis)

˻͍͙͔͋ͦͪͯ͒ͦ͊ͤ ͒͡Ύ ͔͙ͭͪͣͦͦ͋ͪ͊͋ͦͭ͟ ͙ ͙ͦͨͭ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͪͤ͘
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˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ 40˿ 1͊00˸ ͦ4˻͍ ˢ˻ ζ̅ͦͣͦͫ-˸͔͙͊ͭͪ͊͡·η

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊42

https://newpiezo.com/products/scintillation_elements/

https://newpiezo.com/products/scintillation_elements/


˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͔͙͚ͣͪͤ͘ ͙ͪ͊͒ͦ;͙ͫͭͦͭ·˿̏ 40˿ 1͊00˸ ͦ4˻

όˮ͎͍͙͔ͦͭͦͭ͘͡ΈΥ ̅ͦͣͦͫ˸͔͙͊ͭͪ͊ͫ͡)

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊43

https://newpiezo.com/products/scintillation_elements/

SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7

ˮͦͭͦͨ͘·
AMoRE-1                

˿͔ͨͼ͙ͺ͙͊͟ͼ͙Ύ

нл ƳYΣ ͍ 

YangYang

ƳY        ͍ 

CUP/IBS 

RT CMO-II 

ͦͦͦ͟͡ YLa{ 

(YangYang) 

RT CMO-II 

ͦͦͦ͟͡ YLa{ 

(YangYang) 

RT CMO-II 

ͦͦͦ͟͡ YLa{ 

(YangYang) 

RT CMO-II 

ͦͦͦ͟͡ YLa{ 

(YangYang) 

RT CMO-II 

ͦͦͦ͟͡ YLa{ 

(YangYang) 

ͣ͟ˣ͟κ͎ͣ͟͟ˣ͟κ͎ͣ͟͟ ˣ͟κ͎ͣ͟͟ ˣ͟κ͎ͣ͟͟ ˣ͟κ͎ͣ͟͟ˣ͟κ͎ͣ͟͟ ˣ͟κ͎͟

Bi-214 Po-214  

(U-238 chain) 
< 100 < 18 60,2 6,0 10 +/-3 10 +/- 3 100+/-10 30+/-5

Rn-220 Po-216 

(Th-232 chain)
< 50 < 14 25,8 35.0 40 +/- 6 10 +/- 3 70+/-10 65+/-10

Bi-211 Po-215 

(U-235 chain)
< 500 83 103 35,0 30 +/-6 40 +/- 6 35+/-6 80+/-10

Total Alpha-

activity U&Th 

chains

Җ  мл ͣˣ͟κ͎͟4,6 mBq/kg*  нΣт ͣˣ͟κ͎͟ну ͣˣ͟κ͎͟оΣн ͣˣ͟κ͎͟Җ оΣн ͣˣ͟κ͎͟

Po-210 1,6 mBq/kg

U-238 670
мΣт ͣˣ͟κ͎͟ 

(?)

https://newpiezo.com/products/scintillation_elements/


AMoRE-II requirements 

¸ Background level for AMoRE-II : 10 keV, 200kg, 5 years Ą 5x10-5 ckky in total.

¸ ñInternalò should be less than ~2x10-5 ckky.  (Rough !)

¸ Ą
226Ra < 24 (ḉ65‘ὄή/kg Ą 5.4X10-5 ckky)

Å 228Th < 1.2 (ḉ50‘ὄή/kg Ą 8.3X10-4 ckky)

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊44



˾ͦͫͭ ͙͍ͣͦͤͦͪͫͭ͊ͦ͟͡͡ LMO͙ ͙͎͍͔͙͔ͦͭͦͤ͘͡  ˿̏ 
͍ ͔͔̇ͤͭͪ ˽͔͚ͦ͒ͣͤͦ͘ ͺ͙͙͙͘͟ ό˴͔ͦͪΎύ

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊45



˾ͦͫͭ ͙͍͎͙ͣͦͤͦͪͫͭ͊ͦ͒ͪͯ͟͡͡ͻ ͙͍ͣͦ͋͒͊ͭͦ͡
͍ ˢ˻ ό̅ͦͣͦͫ-˸͔͙͊ͭͪ͊͡·ύ

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊46

˻͍ͫͤͦ·͍͊ΎͫΈ ͤ͊ ͦͨ·͔ͭ ̅˸ͨͦ ͍·ͪ͊΅͙͍͙͊ͤΌ ͙͍ͪͫͭ͊ͦ͟͡͡ CaMoO4͙ 
40Ca100MoO4͙ 

͙͎͍͔͙ͦͭͦͤ͘͡Ό ˿̏ όͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ύΣ ̅˸͙͔͔ͣͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͙͎͍͔͙ͦͭͦͤ͘͡Ύ ˿̏ ͙͘ ͙ͪ͊͘͡;ͤ·ͻ ͙͍ͪͫͭ͊ͦ͟͡͡ ͤ͊ ͍͔ͦͫͤͦ ˸ͦΥ

ü Li2MoO4 (͍ ·ͪ͊΅͔ͤ·ύ

ü Na2Mo2O7

ü PbMoO4

ü˨͍͚ͦͤ·͔ ͙ ͚ͭͪͦͤ·͔ ͙ͣͦ͋͒͊ͭ͡·˾˭̏ ͙ ͒ͪΦ όΚΚύΦ

˨͍͊ [ƛнaƻhп ͙ͪͫͭ͊͊͟͡͡ ͙ [ƛнaƻhп ˿̏ 

όͫͪ͊ͯ͘ ͔ͨͦͫ͡ ͔͙ͪ͘͟ ͙ ΄͙͡ͺ͍͙ͦ͟ Ҍ ͔ͤͭ͊͡ ˽̏́ ͤ͊ ͍͚͋ͦͦͦ͟ 

͍͔ͨͦͪͻ͙ͤͦͫͭΤ ͔͋͘ ͙͍͙ͨͦͪͦ͟͡ύ



ˤ·͋ͦͪ ͔͔͍ͭͪͣͦͣͭͪͦ ͒͡Ύ ͙͎͔ͪͦͤͤ͟·ͻ ͫͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·ͻ 
͔͔͍͒ͭͭͦͪͦ͟ ͒͡Ύ ͙ͨͦͫ͊͟ л˄ʲʲ
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Ǻ͔͙ͪͣͫͭͦͪ· όb¢5 Ge) CUORE, CUPID

Å TES (Transition Edge Sensor) CRESST Light detector

Åaa/ ό͔͙ͣͭ͊͡͡;͔͙͚ͫ͟ ͎͙ͣ͊ͤͭͤ·͚ ͙͔͊ͦͪͣͭͪ͟͡ύ AMoRE

Å͙ ͎͙͔͒ͪͯΧΦΦ



мύ ͔͔́ͣͨͪ͊ͭͯͪͤ·͚ ͔͔͒ͭͭͦͪ͟ ͒͡Ύ CUPID-Mo (NTD Ge-͔ͫͤͫͦͪ)

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊48

˽͙͊ͫͭͤ͡·Ge͍·͚ͫͦͦ͟;͙ͫͭͦͭ·(UmicoreElectro-OpticalMaterial, ˣ͔͡Έ͎͙Ύύ͙͔ͣΌͭD=44,5͙ͣͣ =ɻ 175
ͣ͟.ͣ ˽ͦͪ͟·͙͔ͭSiOͭͦ͡΅͙͚ͤͦḐ70 ͤͣͤ ͊ͨ·͡Ύ͙ͤ͊ͦ͡ ͔͋ͫͭͦͪͦͤ·͙ͨ͊ͫͭͤ͡·Ge, ;ͭͦ͋·͔ͫ͒͊ͭ͡Έ͙ͻ
͔ͤͨͪͦͪ͊͘;ͤ·͙ͣΣ;͍ͭͦͯ ͔͙͡;͙͍͔ͦͫͭͦͫ͋ͦͪͤ͡ Ḑ͊35%.

˹͔͋ͦ͡Έ΄͊Ύ;͊ͫͭΈ͍͔ͨͦͪͻ͙͙ͤͦͫͭͨ͊ͫͭͤ͡·͋·͊ͦͫ͡ ͍͔͔ͭ͊ͤ͊͋ͨͦ͘͡ ͪ͟·͙ͭΎ͒͡Ύ͔͎ͦ͋͡;͔͙ͤΎ͙͔͙͍͙ͨͪ͊ͤ͟͡Ύ
͒͊ͭ;͙͔͔͊ͭͣͨͪ͊ͭͯͪ͟·.

ˤ͊͟;͔͍͔͔͍ͫͭͭͨͦ͡·ͻ͒͊ͭ;͙͍ͦ͟CUPID-Mo ͙ͫͨͦ͡Έ͔͔͙ͯͭͭͪͣͫͭͦͪ͘·NTD Ge. ͙͔͙̏ͭͭͪͣͫͭͦͪ·͋·͙͡
͔͍͔ͨͪ͒ͦͫͭ͊ͤ͡·͙͔͚ͦͣͨ͊ͤ͟˶͔͍͚ͦͯͪͤͫͦͫͦ͟˹͊ͼ͙ͦͤ͊͡Έ͚͙͔͚ͤͦ͊͋ͦͪ͊ͭͦͪ͡ˣ͔͙ͪ͟͡(LBNL,x ͔͙ͪ͟͡Σ˿̊ˢύ͙͘
͚͙͍͍͔͚͙͙ͦ͒ͤͦͨͪͦͦ͒ͫͭͤͤͦͨ͊ͪͭ͘. NTD,͙ ͫͨͦ͡Έ͔ͯͣ͘·͔͒͡Ύ͋ͦ ͔ͦͣͭͪ͡·Li2MoO4 (LMO)3,0Ҏ3,0Ҏ1,0ͣ 3ͣ

͔ͨͦͪ͊ͣͪͯ͘.

˹͔͚ͭͪͦͤͤ͊Ύ ͭͪ͊ͤͫͣͯͭ͊ͼ͙Ύ ͎͔͙ͪͣ͊ͤΎ ͍ Ύ͔͒ͪͤͦͣ ͔͔ͪ͊ͭͦͪ͟ όNTD Ge)



NTD Ge-͔ͫͤͫͦͪ ͒͡Ύ CUPID-Mo

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊49

Margherita Tenconi. Development of luminescent bolometers and light detectors for Neutrinolessbeta decay search. Thesis 2015. 
University Paris-Sud.



̂ͨͪͦ΅͔ͤͤ͊Ύ ͔ͣͦ͒͡Έ ͙͔ͫͫͭͣ· ͫ;͙ͭ·͍͙͊ͤΎ NTD Ge-͔ͫͤͫͦͪ͊

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊50

Margherita Tenconi. Development of luminescent bolometers and light detectors for Neutrinolessbeta decay search. Thesis 2015. 
University Paris-Sud.



нύ ̅ͦͤͦͤͤ·͚ ͔͔͒ͭͭͦͪ͟ ͤ͊ ͍͔ͫͪͻ͍ͨͪͦͦ͒Ύ΅͔ͣ
ͺ͍͊ͦͦͣ͘ ͔͔ͨͪͻ͔ͦ͒(W-SPT)

çȴɇɑɍɐɄɂɡ Ʉɂɏɏɂè

ȴɇɑɍɐɄɐɋ 
ɌɐɏɔɂɌɔ

ɔɇɒɎɐɎɇɔɒ
(W-ɑɍɇɏɌɂ)

ȬɒɊɓɔɂɍɍ-
ɂɃɓɐɒɃɇɒ

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘;͙͊ͫͭͼ·͍ ͔͔͊͋ͫͦͪ͋ͪ
͍·͘·͍͔͊ͭͨͦ͒Ά͔ͣͭ ͔͔ͣͨͪ͊ͭͯͪ·͍
͔͔͔ͭͪͣͦͣͭͪΣͦͭͦͪ͟·͚ͨͪͦͨͦͪͼ͙ͦͤ͊͡Έͤ·͚
͍·͔͔͚͍͒ͤͤͦ͟͡ ͙͔ͪͫͭ͊͡͡Ή͔͎͙͙ͤͪ

͔͍͚́ͨͦͦ͡ ͙ͣͨͯ͡Έͫ
R

e
si

st
a

n
ce

 [m
W

]

normal-
conducting

super-
conducting

dT

dR

ȺɊɒɊɏɂ ɑɇɒɇɗɐɆɂ: ~1 ɎȬ
ȳɊɅɏɂɍɝ: few mK
ȳɔɂɃɊɍɞɏɐɓɞ: ~ mK
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͔͔́ͪͣͦͣͭͪ ͤ͊ ͍͔ͫͪͻ͍ͨͪͦͦ͒Ύ΅͔ͣ
ͺ͍͊ͦͦͣ͘ ͔͔ͨͪͻ͔ͦ͒(W-SPT): ͟ ͊͟ ͦͤ ͔ͪ͊͋ͦͭ͊ͭ

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊52



W-ɑɍɇɏɌɂ- SPTȬɒɇɎɏɊɇɄɝɋ
ɑɐɅɍɐɔɊɔɇɍɞ
ɓɄɇɔɂ

CaȮO4

ɑɐɅɍɐɔɊɔɇɍɞ
~ 300g

W-͔ͨͤ͊͟͡
- SPT

CRESST-II: ͦ ͍͔͔͔͒ͤͦͪͣͤͤͦ ͙͔͔͙͔ͣͪͤ͘ ͺ͍ͦͤͦͤͦ ͙ 
ͫͼ͙͙ͤͭ͡͡Ύͼ͙͎ͦͤͤͦͦ ͍͔ͫͭ͊ ͫ W-SPTͫ ͔ͤͫͦͪͦͣ

˻ͭͪ͊͗͊Ό΅͊Ύ
ͨͦͦͫͭ͡Έ

Au ͨ ͍ͪͦͦͦ͡;͊͟

Au ͨ ͍ͪͦͦͦ͡;͊͟

͔͍͚́ͨͦͦ͡ ͦͤͭ͊ͭ͟͟

͔͍͚́ͨͦͦ͡ ͦͤͭ͊ͭ͟͟

26.05.2023 ˴ͦͪͤͦͯͻ͍ͦ ˤΦ˹Φ -˿ͼ͙͙ͤͭ͡͡Ύͼ͙ͦͤͤ·͔ ͙ͪͫͭ͊͟͡͡· ͊͟͟ ͔͋ͦͦͣͭͪ͡· -˿͔͙ͣͤ͊ͪ ˥Φ́Φ ˭͊ͼ͔͙ͨͤ͊53

˨͔͔ͭͭͦͪ͟
CRESST

˿ͻ͔ͣ͊ ͫ;͙ͭ·͍͙͊ͤΎ /w9{{¢-II. 
ˤͦ͡Έͺ͍ͪ͊ͣͦ·͚ ͔ͨͤͦ͡;ͤ·͚ ͔͔ͭͪͣͦͣͭͪ ͨͦ͒͟͡Ό;͔ͤ 
͔ͨ͊ͪ͊͡͡͡Έͤͦ ͍͒ͯͣ Ήͭ͊ͦͤͤ͡·ͣ ͔͙ͪͫͭͦͪ͊ͣ͘ ͙ ͍ͻ͚ͦ͒ͤͦ 
͊ͭͯ͟΄͔͟ ˿˴ˤˮ˨ˢ ͨͦͫͭͦΎ͎ͤͤͦͦ ͭͦ͊͟Φ ͔̇ͨΈ ͙͔ͨͭ͊ͭͫΎ 
ͨͦͫͭͦΎͤͤ·ͣ ͭͦͦͣ͟Φ



3)   MMC (Metallic Magnetic Calorimeter):
͔͔ͭͣͨͪ͊ͭͯͪͤ·͚ ͔ͫͤͫͦͪ ͤ͊ ͍͔ͦͫͤͦ ͎͙͎ͨ͊ͪ͊ͣ͊ͤͭͤͦͦ 

͍ͫͨ͊͊͡(Au:Er) + SQUID
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Energy CMO (ҟ9ύҦ¢ŜƳǇŜǊŀǘǳǊŜ !ǳ ŦƛƭƳ όҟ¢ύҦaŀƎƴŜǘƛȊŀǘƛƻƴ όҟaύҦaŀƎƴŜǘƛŎ ŦƭǳȄ όҟaύҦ±ƻƭǘŀƎŜ

SQUID- superconducting quantum interference device



3) MMC (Metallic Magnetic Calorimeter):
͔͔ͭͣͨͪ͊ͭͯͪͤ·͚ ͔ͫͤͫͦͪ ͤ͊ ͍͔ͦͫͤͦ ͎͙͎ͨ͊ͪ͊ͣ͊ͤͭͤͦͦ ͍ͫͨ͊͊͡(Au:Er) + SQUID
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ˤ·͔͔͙͔͒ͤ͡ (ҟ9ύҦ͔͔́ͣͨͪ͊ͭͯͪ͊(ҟ¢ύҦ˹͎͙͊ͣ͊ͤ;͔ͤͤͦͫͭΈ(ҟaύҦ˸͎͙͊ͤͭͤ·͚ ͨͦͭͦ͟(ҟaύҦ˹͊ͨͪΎ͔͙͔͗ͤ
Ή͔͎͙͙ͤͪ                   Au ͨ ͔͙ͤ͟͡ 

MMC ͟ ͙͎͔ͪͦͤͤ·͚ ͔ͫͤͫͦͪ

ü Paramagnetic material
Metallic host (Au or Ag) + Magnetic ions (Er3+)

ü Magnetization (M) very sensitive to T

ü MMC implemented with superconducting
current (I) loop to provide B-field

ü ῳI induced by ῳM as a function of ῳT

ü SQUID measures ῳI as a signal V

loop

˽͔͙ͪͣͯ΅͔͍ͫͭ͊MMC:

V ˣ·ͫͭͪ·͚ ͨͦ͒Ά͔ͣ ͙͎ͫͤ͊͊͡: ~ 0.5 ͣ ͔ͫ͟(͙͙ͪͭ͟;ͤͦ
V ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ2˄ʲʲͫ͡ ͯ;͚͊ͤ·ͻ ͍͔͙͚ͫͦͨ͊͒ͤύ
V ˻͙ͭ͡;͔ͤͦ Ή͔͎͔͙ͤͪͭ;͔͔ͫͦ͟ ͔ͪ͊ͪ͘΄͔͙͔ͤ

at ~ mKtemperature

5 ͣ ¢ Ҧ ɲ Ҧʁ мΦр Ή˃ˤ
1 ͟ ΉҦʕ мл9͔͔͍͍ͨͪͦͪͦͭͦ ͙ͫͨͤ͊

10 ҏ1000 ppm
J = 15/2



˸͎͔͙͊ͤͭͣ͘ ͔͙ͣ͊ͭͪ͊͊͡ ͔ͫͤͫͦͪ͊ Au:Er
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100 K



˸ͦ͒ͯ͡Έ ͔͔͒ͭͭͦͪ͊͟ AMoRE
(X100MoO4) + MMC + SQUID + Cu ͪ͊ͣ͊͟
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XMoO4 crystal

Stabilization
heater

Au

- Fast signal timing: a few millisecond rise-time for phonon signals at mK.
- Low random coincidence background.
- Energy resolution ~ 10 keVFWHM at 2.6 MeV.

LMO crystals
D 5 x 5 cm (~ 300 g)
D 6 x 6 cm (~ 500 g)



˨͔͔ͭͭͦͪͤ͟·͚ ͣͦ͒ͯ͡Έ AMoRE
48deplCa100MoO4 (X100MoO4)+ MMC + SQUID + frame
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40Ca100MoO4

Au



˿ͻ͔ͣ͊ ͚͍ͯͫͭͪͦͫͭ͊ ͔ͫͤͫͦͪ͊ ͔͔͒ͭͭͦͪ͊͟ AMoRE
MMC + SQUID + ͔͒ ͔ͪ͗͊ͭ͡Έ
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Complete MMCs in a 3-inch wafer 

at CUP/IBS



˶͙͊͋ͦͪ͊ͭͦͪΎ ͨͦ ͙͎͍͔͙ͦͭͦͤ͘͡Ό ͔ͦͣͨͦͤͤͭ͟ AMoRE͒ ͔͔ͭͭͦͪ͊͟
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