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100Mo as a ββ source 

3 



4 

 

 
 

 
 
 

• Energetically allowed for 69 nuclides  
- 1/3 of the chemical elements: marked by 
- 2% of nuclides from Table of Isotope (~3500) 
- half of them, 35, can undergo via (A,Z)→(A,Z+2) 

Double-beta decay 



130Te 

76Ge 

100Mo 
116Cd 

136Xe 
82Se 

Environmental 
“underground” background 

238U & 232Th trace contaminations 

Credit to S. Pirro 

Most promising isotopes for 0ν2β decay search 
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Enrichment cost:  
low / reasonable  RPP 80 (2017) 046301 

𝐺0𝜈(𝑄𝛽𝛽
5 ,𝑍) 

232Th MC data for  
CUORE-like set-up 

EPJC 74 (2014) 3096 

130Te 
116Cd 

100Mo 

82Se 

100Mo 

130Te 
116Cd 

136Xe 
82Se 

76Ge 

150Nd 

48Ca 



Scintillating bolometer approach 
Light signal for ions  

is quenched 
Amount of light produced  
in a scintillator by highly 
ionizing particles is lower 
than that for electrons  
of the same energy. 

(e.g., a light signal induced 
by α’s inside a crystal 
scintillator is typically 

quenched to ~10-20%) 
 

Astropart. Phys. 33 (2010) 40 

MgWO4 

CaMoO4 

CaWO4 

CdWO4 ZnWO4 

Some absorbers scintillate  
at low temperatures 

Phys. Status Solidi B  
247 (2010) 1583 

NIMA 696 (2012) 144 

Hybrid  bolometer  
with light-heat 
dual read-out 

Particle 
identification 

⇓ 
 Bkg reduction 

6 Further details: S. Pirro, talk @ CUPID-Mo inauguration 

See also review 
IJMPA A 32 (2017) 1743012 



 ββ source = bolometric detector 

Bolometers can be used for studies of almost all most promising ββ isotopes! 

ββ  
Isotope 

δ 
(%) 

Qββ  
(keV) 

Materials 

110Pd 12 2018 None 
76Ge 7.7 2039 Ge (no scintillation, but ionization), BGO  (good scintillator) 
124Sn 5.8 2287 Sn 
136Xe 8.9 2458 None 
130Te 34 2527 TeO2 (extremely poor scintillator) 

116Cd 7.5 2813 CdWO4, CdMoO4 (both are good scintillators) 

82Se 8.7 2998 ZnSe, LiInSe2 (both are good scintillators) 

100Mo 9.8 3034 PbMoO4, CaMoO4, CdMoO4, SrMoO4, MgMoO4, Na2MoO4, ZnMoO4, 
Li2MoO4, Na2Mo4O13, Li2Mg2(MoO4)3 (most are good scintillators) 

96Zr 2.8 3356 ZrO2 (poor scintillator) 

150Nd 5.6 3371 None (many attempts) 
48Ca 0.2 4268 CaF2, CaWO4, CaMoO4  (all are good scintillators) 

Isotopic abundances:  
[Pure Appl. Chem. 88 (2016) 293]  
Qββ values:  
[Pure Appl. Chem. 88 (2016) 293] 

Compilation is based on results of multiple bolometric tests performed by  
S. Pirro et al. @LNGS (Italy),   
A. Giuliani et al. @CSNSM & @LSM (France),  
H.J. Kim et al. @CUP & @Y2Y (South Korea) 
Scintillation of some materials was also studies by H. Kraus et al. @Oxford 
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History of Li2MoO4 cryogenic detectors 
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Lithium molybdate (Li2MoO4) 
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 Corrosion inhibitor (in LiBr absorption chiller)  
in some types of industrial air conditioning 
 

 Electrode material in the fabrication of 
lithium-ion batteries  

Compound: inorganic, soluble in water, slightly hygroscopic, not hazardous material.  
 

Production: solid-phase synthesis from a stoichiometric mixture of MoO3 and Li2CO3 powders 
                   followed by a recrystallization from acqueous solutions / a crystal growth from a melt 

 Cryogenic particle detector for  
rare event searches (double beta 
decay, dark matter, solar axions) and 
neutron spectroscopy 

 

Application:  
industry and basic research 

crystal powder (2.66 g/cm3) single crystals (3.07 g/cm3) transparent  
fluid  

(1.66 g/cm3) 



First low-temperature tests of small Li2MoO4 crystals  
(grown by the Czochralski method) 
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2009: First bolometric test of a gram-scale Li2MoO4  
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Crystals production at Russian Chemistry-Technological University of D.I. Mendeleev (Moscow, Russia) 
 

- Solid-state synthesis from MoO3 and Li2CO3 powders (both of  99.5% purity) with subsequent 
recrystallization from water solutions 
  

- Czochralski growth (4 mm/h) of transparent Li2MoO4 crystals up to ∅25×35 mm  
  (Progress: up to ∅50×60 mm from the 99.98% purity mixture  [J. Cryst. Growth 401 (2014) 853]) 

Chain Nuclide Activity 
(mBq/kg) 

232Th 228Ac ≤ 32 

208Tl ≤ 12 

238U 214Bi ≤ 21 

40K 170(80) 
60Co ≤ 8 
137Cs ≤ 4 

Radiopurity measurements @LNGS  

 Li2MoO4 crystal (34 g, ∅22×33 mm)  

 HPGe detector at LNGS (Assergi, Italy)  

Bolometric test @LNGS 

 Li2MoO4 crystal (1.3 g, ∅25×0.9 mm)  

 CUORE R&D set-up at LNGS (Assergi, Italy)  

9.3% 
FWHM 

Light yield ≈  

0.2x LY (CaMoO4) 

Nucl. Instrum. Meth. A 607 (2009) 573 Nucl. Instrum. Meth. A 613 (2010) 54 

QFα ≈ 0.3 

Bkg, 37 h 
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Chain Nuclide Activity 
(mBq/kg) 

232Th 232Th ≤ 0.094 

238U 238U ≤ 21 

40K 170(80) * 

* - by HPGe 

Bolometric test @LNGS 

 Li2MoO4 crystal (34 g, ∅22×33 mm)  

 CUORE R&D set-up at LNGS (Assergi, Italy)  

JINST 08 (2013) P10002 

2013: Further study of a larger Li2MoO4 (34 g) 
LYγ(β) = 0.43 keV/MeV 

FWHM ~ 5(1) keV  
@1461 keV 

FWHM ~ 14(2) keV  
@4.78 MeV 

QFα+t = 0.26 (?) 

Bkg, 344 h 

AmBe, 18 h 

Wrong LD calibration ? 

QFα = 0.22 (?) 

QFα = 0.43 



Advanced Li2MoO4 scintillating bolometers:  
(based on crystals grown by the LTG Cz method) 

from LUMINEU to CUPID 
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Low-temperature-gradient Czochralski technique 

LTG Czochralski method 
Nikolaev Institute of Inorganic Chemistry 

(NIIC, Novosibirsk, Russia)  
J. Cryst. Growth 229 (2001) 305 

• Low temperature gradients (~ 1.0 K/cm) 

• Crystal inside a crucible during the process 

• Weighing control at all the stages 

• Closed crucible during the process 

⇒ losses < 1% of a charge 

• Crystal’s yield is up to 90% of a charge 

• Crystal’s diameter is up to 0.8x ∅ of a crucible 

CdWO4 

CdWO4 ZnWO4 

BGO 



    R&D of ZMO & LMO crystals 

2011  
ZnMoO4 ~1 kg 

100Mo loses < 4% 

~1 kg  
ZnMoO4 

ZnMoO4(W) ~0.15 kg 

Zn100MoO4 ~ 1.4 kg 

Li2MoO4 ~0.3 kg 

2014 

Precursors grown by LTG Cz @ NIIC 

ZnMoO4  
~0.12 kg 

2010  Purification 

2014 

2013 
2013 

2015 

2013 

First LUMINEU crystals - ZMO  

ZnMoO4 ~0.38 kg 

Adopted purification 

First large ZMO First enriched ZMO W-doped ZMO 

First large enriched ZMO & LMO 
First large LMO 

Funct. Mat. 17(2010)504; NIMA 729(2013)856; Crystallogr. Rep. 59(2014)288 JINST 9(2014)P06004 

JINST 10 (2015) P05007 EPJC 74(2014)3133 Opt. Mat. 49(2015)67 

Astropart. Phys. 72(2016)38 
AIP Conf. Proc. 1672(2015)040003; EPJC 77(2017)785  

Zn100MoO4 ~0.17 kg  

Double  
crystallization 

crystal 
   yield  
  ~80%  

2016 

Li2100MoO4 ~ 0.5 kg 

2x crystallization 
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EDELWEISS @ LSM 

EPJC 77 (2017) 785 

0.38-kg Zn100MoO4 
@LNGS 

Smeared α source 

γ(β) 

9-18 keV 
FWHM 

8σ α/γ separation 

        [µBq/kg]: 
232Th < 8  
228Th < 8  
238U = 10(4)  
226Ra = 14(3) 

100Mo Qββ 

LUMINEU: Zn100MoO4 scintillating bolometers 

Single 
crystallization 

http://lumineu.in2p3.fr 
2012-2016 

LUMINEU 

0.38-kg Zn100MoO4 

Zn100MoO4 

1.4 kg 

Key developments 
 100Mo purification        JINST 9 (2014) P06004 

 First Zn100MoO4              EPJC 74 (2014) 3133 

 Advanced ZnMoO4         JINST 10 (2015) P05007 

 MC of 48x Zn100MoO4 AIPCP 1686 (2015) 020007 

 NTD-Ge development     JLTP 184 (2016) 292 

 Advanced Zn100MoO4  EPJC 77 (2017) 785 

- Large mass & high crystal yield (>80%) 
- Good optical quality & scintillating properties 
- Low irrecoverable losses of 100Mo (~4%) 
- Good performance 
- High radiopurity 
 

Exposure = 0.05 kg×yr 
  

lim T1/2 = 2.6×1022 yr 

16 
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Bkg, 25 h 

Bkg, 118 h 

2014: Advanced Li2MoO4 scintillating bolometer  

Astropart. Phys. 72 (2016) 38 

FWHM = 5÷6 keV 

∅40×40 mm, 151 g 
Li2MoO4 

Crystal production @NIIC: highly purified MoO3 + commercial Li2CO3 (4N purity grade) + LTG Cz growth 

Bolometric test @CSNSM (Orsay, France) 

DP = 15.5 

LYγ/β  
~0.7 keV/MeV 

QFα+t = 0.23 



2014: Advanced Li2MoO4 scint. bolometer test @LNGS 

Chain Nuclide Activity 
(mBq/kg) 

232Th 232Th ≤ 0.018 

238U 238U ≤ 0.018 

226Ra ≤ 0.044 

221Po 0.14(3) 

40K 62(2) 

3.8(6) keV FWHM 
@2615 keV 

DP = 5.7 

DP = 8.2 DP = 16 

QFα+t = 0.23 

LYγ/β = 0.68(4) keV/MeV 

Eur. Phys. J. C 77 (2017) 785 

AmBe, 20 h 

Bkg, 237 h 
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Pile-up problem due to high activity of 40K  
Random coincidences generation: 
  Li2MoO4 crystal (∅50×40 mm) 
  109 events of 40K and 2ν2β of 100Mo 

Bkg @ ROI: 40K+2ν2β ~ 2ν2β pile-ups   ⇒   40K ~ 57 mBq/kg in Li2100MoO4 ∅50×40 mm 
19 

factor 5.4 

Credit to V.I. Tretyak 



2015: R&D of radiopure Li2MoO4 crystals 
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Activity (mBq/kg) 

Powder 
NRMP 

LMO-1 
Single cr. 

LMO-2 
Double cr. 

Powder  
Alpha Aesar 

LMO-3 
Single cr. 

Powder  
Sigma-Aldrich 

228Th ≤ 3.7 ≤ 0.023 ≤ 0.026 12(4) ≤ 0.024 13(4) 

226Ra ≤ 3.3 ≤ 0.051 ≤ 0.044 705(30) 0.13(2) 53(6) 
40K ≤ 42 62(2) ≤ 12 ≤ 42 ≤ 3.3 210(70) 

Li2MoO4 
∅50×40 mm 

LMO-2 
241 g 

LMO-3 
242 g 

FWHM [keV]  
@ 2615 keV 

6 ± 1 5 ± 1 

LYγ(β)  
[keV/MeV] 

1.0 0.12* 

DPα/γ(β) 9 11 

Li2MoO4 ~ 0.2-0.5 kg 

 Optimization of the LMO growth @NIIC 

 Li2CO3 powder screening @LNGS 

 Bolometric tests of large volume LMOs @LNGS 

Eur. Phys. J. C 77 (2017) 785 

J. Mat. Sci. Eng. 7 (2017) 63 

Bkg, 135 h 

Bkg, 135 h 



 Purification of 100Mo-enriched MoO3 
sublimation in vacuum 
recrystallization from aqueous solutions 

 Control of 40K content in Li2100MoO4 
ultra-pure Li2CO3 powder (+ R&D of 
Li2CO3 purification) 
LMO growth by double crystallization 

 Low-temperature-gradient Cz growth 
possible size: ∅6 cm; 14 cm length 

 Cut of scintillation elements 
 Extraction of 100MoO3 from residues 

 Batch production of large mass  
Li2100MoO4 scintillation elements 
high optical quality crystal scintillators 
high crystal yield (~80-85% of charge) 
low irrecoverable losses of 100Mo (~3%) 

21 

2016 

Li2100MoO4 ~ 0.6 kg 

2017 

Li2MoO4 ~ 0.8 kg 

Eur. Phys. J. C 77 (2017) 785  
J. Mat. Sci. Eng. 7 (2017) 63 

AIP Conf. Proc. 1894 (2017) 020017 

LUMINEU protocol of the Li2100MoO4 production 

2016 

Li2100MoO4 ~ 0.5 kg 

CROSS 
33x 0.28 kg 

CUPID-Mo 
20x 0.21 kg 

2016-2017 

 2018- 
2019 

arXiv:1909.02994 

arXiv:1906.10233 



2016-2017: Tests of Li2100MoO4 scint. bolometers 

ZMO nat-2 

enrLMO-1 

FID21
1 

+ enrLMO-2  
test @LNGS 

 

+ enrLMO-1  
in tower T2 

204 g 

207 g 

213 g 

186 g 209 g 

enrLMO-3 

enrLMO-4 

enrLMO-2 

enrLMO-15 

enrLMO-3 

enrLMO-4 

enrLMO-2 

LUMINEU 
12/2016-04/2017 

17.0 mK LUMINEU 
03-07/2016 
20-19.2 mK 

CUPID-Mo 
single tower 
10-12/2017 
21-19.3 mK 

05/2016  
12 mK 22 
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232Th, 5.4 kg×d 

5-6 keV FWHM  
@ Qββ 100Mo (3034 keV) 

CUPID-Mo single tower 
2.7 kg×d 

Energy resolution of Li2100MoO4 bolometers 

Li2100MoO4 
tests 

FWHM (keV)  
@ 2615 keV 

LUMINEU 
single module 

5.0(5)-6.3(6) 

LUMINEU  
4-detector array 

4.2(5)-6.4(6) 

CUPID-Mo 
4-detector tower 

5.6(4)-7.1(8) 
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Particle ID with Li2100MoO4 scintillating bolometers 

enrLMO-3, AmBe (290 h) 

With M3 foil 

enrLMO-1, AmBe (290 h) 

DPα+t/γ(β) = 14 

DPα+t/γ(β) = 9 

No M3 foil 
but Cu holder 

Light collection 
conditions 

LD coating,  
M3 reflector 

LD coating,  
no M3 reflector 

no LD coating,  
no M3 reflector 

LY (keV/MeV) @ γ(β) 0.73-0.77 0.38-0.41 ~0.2  

DP  @                α+t/γ 14 9 n.a. 

Eur. Phys. J. C 77 (2017) 785  
AIP Conf. Proc. 1894 (2017) 020017 
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enrLMO-1,  
Bkg (1303 h), LSM 

α’s @ 2.7-3.9 MeV 
 ~0.1 cnts/(keV×kg×yr), 
 similar to CUORICINO 

Low Σ α rate ⇒  
High radiopurity of both enrLMOs 

enrLMO-2,  
Bkg (319 h), LNGS 

Scintillation of 
M3 reflecting foil 

Scintillation of 
M3 reflecting foil 

First background measurements with Li2100MoO4 

Eur. Phys. J. C 77 (2017) 785 



enrLMO-1, 624 h enrLMO-2, 587 h 

enrLMO-4, 666 h 
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Surface 226Ra 

High radiopurity  
of enrLMOs 

+ 
α’s in 2.7-3.9 MeV  

~0.2 cnts/yr/kg/keV 

No bright α’s No bright α’s 

enrLMO-3, 666 h 

First measurements with 4-detectors Li2100MoO4 array 
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enrLMO-1t  
1303 h 

June 2016 

enrLMO-1t  
905 h 

Feb. 2017 

enrLMO-2t  
943 h 

enrLMO-1b  
487 h 

June 2016 

enrLMO-1b  
898 h 

Feb. 2017 

enrLMO-2b  
666 h 

0.45(3) mBq/kg 
0.20(2) mBq/kg 

0.06(1) mBq/kg 
0.23(2) mBq/kg 

Other U/Th  
≤ 3-8 µBq/kg 

Other U/Th  
≤ 6-11 µBq/kg 

6Li(n,t)α, 4784 keV 
Thermal n flux in EDW 
≤ 6×10-9 n/cm2/sec 

n flux in CUPID R&D 
≤ 3×10-8 n/cm2/sec 

surface  
0.04(1)  
mBq/kg 

0.02(1) mBq/kg 0.08(1) mBq/kg 

Radiopurity of Li2100MoO4 detectors 

Eur. Phys. J. C 77 (2017) 785  
AIP Conf. Proc. 1894 (2017) 020017 

Other U/Th  
≤ 4-6 µBq/kg 

Other U/Th  
≤ 3 µBq/kg 

Other U/Th  
≤ 5-9 µBq/kg 
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2ν2β T1/2 [1018 yr] 100Mo exposure Experiment Ref. 

7.11 ± 0.02(stat) ± 0.54(syst) 7.37 kg×yr NEMO-3 PRL 95, 182302 (2005) 

6.90 ± 0.15(stat) ± 0.37(syst) 0.02 kg×yr LUMINEU EPJC 77, 785  (2017) 

6.81 ± 0.01(stat) ± 0.46(syst) 34.7 kg×yr NEMO-3 L. Simard @Neutrino 2018 

6.90 ± 0.06(stat) 0.06 kg×yr LUMINEU D. Poda @Neutrino 2018 

LUMINEU search for 2β decay of 100Mo with Li2MoO4 

Bkg index in 2.8-3.6 MeV: 
0.06(3) counts/yr/kg/keV 

 
limT1/2 = 0.7×1023 yr * 

Li2100MoO4, 0.12 kg×yr 

100Mo Qββ (3034 keV) 

Li2100MoO4, 0.12 kg×yr 

* NEMO-3 (34.3 kg×yr 100Mo):  
T1/2 ≥ 1.1×1024 yr PRD 92, 072011 (2015) 

2ν-Signal / Bkg = 10 

 Stat. error = 0.8% (~36000 2ν2β decays) 
 Syst. error ~ few % (preliminary) 

AIP Conf. Proc. 1894 (2017) 020017 

Follow 100Mo 2ν2β updates: F.A. Danevich, talk @ CUPID-Mo inauguration 
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2018-present: CUPID-Mo experiment 

20x 0.21-kg Li2100MoO4 

CUPID-Mo 
in EDELWEISS set-up  

@LSM 

http://cupid-mo.mit.edu 

5.3 keV FWHM 
@2615 keV 
(19x LMO) 

High energy resolution 

Th/U calibration  
9 kg×d 

Preliminary 

near 100Mo Qββ 

2 kg×d 

α 210Po 

 

            

Efficient particle ID 

α/γ(β) separation  
~15σ (median 20x LMO)  

@ 100Mo Qββ 

Preliminary 

Chain Nuclide Activity  
[µBq/kg] 

238U 210Po ~ 102 

226Ra < 3 
232Th 232Th < 1 

High crystals’ radiopurity 

γ(β) 

Details / updates: C. Nones, talk @ CUPID-Mo inauguration 

AIP Conf. Proc. 1894 (2017) 020017  
A. Zolotarova @Moriond 2018  

D.V. Poda @Neutrino 2018 
arXiv:1909.02994  
arXiv:1911.10426 

LYγ(β) ~  
0.75 keV/MeV 

D.V. Poda @LTD-18 (2019) 



CUPID: CUORE Upgrade with Particle IDentification 

118 towers × 13 layers 

1534  
Li2100MoO4  
~0.46 ton  
@10 mK 

arXiv:1504.03599, arXiv:1907.09376 & M. Pavan, talk @ CUPID-Mo inauguration 

232Th MC data for  
CUORE-like set-up 

EPJC 74 (2014) 3096 

100Mo 

CUORE  
infrastructure  

100Mo-enriched Li2MoO4 scintillating bolometers 

Active α background rejection 

Ultra-low 
background  

@ 100Mo  ROI 

30 



Other CUPID oriented activities with Li2MoO4 crystals  
(grown by Cz, LTG Cz, and Bridgman methods) 

31 



CRESST+LUMINEU: LMO water etching & DM search 

0.17 keV RMS noise 

Eur. Phys. J. C 79 (2019) 630  E. Bertoldo @ Ringberg Workshop 2018 32 

 
1×1 ×1 cm 

 
water 

 
U  

source 



2019: KID-instrumented Li2100MoO4 scint. bolometer 
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 Li2MoO4 (2×2×2 cm, 24 g) by LUMINEU 
 Si wafer (2×2 cm2 area)  
 Al Kinetic Inductance Detectors (KIDs) 

2015-2019 

Eur. Phys. J. C 79 (2019) 724 



Core of the project (high risk / high gain): 
 Background rejection through pulse shape discrimination  

 Surface sensitivity through superconductive Al film coating 

 Fast NbSi high-impedance TES to replace / complement NTDs  

 Complete crystallization of available 100Mo (10 kg) in Li2MoO4 elements 

 Purchase / crystallize 130Te (up to 10 kg) in TeO2 elements 

 Run demonstrator in a dedicated cryostat  (LSC, Spain)  

Cryogenic Rare-event Observatory with Surface Sensitivity 
CROSS: surface coated bolometers with particle ID 

2018-2022 

Tests of first prototypes of CROSS R&D @ CSNSM (Orsay France) 

34 

Li2MoO4 

TeO2 

TeO2 

Smeared α source 

β /γ / µ events 

Li2MoO4, 10 µm Al 

6Li(n,t)α 

arXiv:1906.10233, arXiv:1907.11411 & A. Giuliani, talk @CUPID-Mo inauguration 
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CROSS: other Li2MoO4 tests in view of CUPID 

First test of Li2MoO4 (purified Li) @ LSC  

A. Zolotarova  
@TAUP 2019  

 Li2MoO4 crystal (0.21 kg, ∅44×45 mm) 
developed from purified Li2CO3 powder 

 CUPID-Mo like detector design 

S. Dell’Oro @ CUPID meeting (Rome, 18/10/2019) 

8x  
0.28 kg 

w/ reflector 

4~7 keV FWHM 

w/o reflector 

0.5-0.6 keV/MeV 0.1-0.2 keV/MeV 

Note: not optimal noise conditions and light collection 

First bolometric test of cubic Li2100MoO4 @ LNGS  
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CLYMENE: R&D of Li2MoO4 crystals for CUPID 
• ICMCB (Bordeaux, France) 
 Czochralski method 
 Commercial compounds 
 Li/Mo purification to 0.1/0.5 ppm K 

Li2MoO4 
∅4×4 cm 

158 g 
28×27×6 mm 

13 g 

Precursor: Li2MoO4 ∅4×6 cm 
0.23 kg 

Bolometric tests @CSNSM [in 2016] 

Solid State Sci. 65 (2017) 41 
 

Nucl. Instrum. Meth.  
A 891 (2018) 87 

http://clymene.in2p3.fr 

2012-2016 
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 Ordinary Cz method 
 Purified commercial compounds 
 Numerically optimized furnace 

⇒ Improved Cz growth of LMO’s 

∅5 cm, 0.8 kg 
~2 mm/h J. Cryst. Growth 492 (2018) 6 

J. Cryst. Growth 531 (2019) 125385 

CLYMENE: R&D of Li2MoO4 crystals for CUPID 

Bolometric test @CSNSM [in 2019] 

∅5 cm, 0.82 kg 
~2 mm/h 

A. Giuliani @ CUPID meeting (Rome, 18/10/2019) 



Li2MoO4 
∅2×2 cm 

19 g 

38 

• Ningbo University 
 Bridgman method 
 Commercial compounds 

• SICCAS Corporation  
 Bridgman method 
 Commercial compounds 

Mat. Lett. 215 (2018) 225 
J. Cryst. Growth 500 (2018) 80 

∅5.5×10 cm 

A bolometric test  
of a large sample 
(4.5×4.5×4.5 cm)  
is foreseen soon 

Tests of Li2MoO4 crystals produced in China 

Neganov-Trofimov-Luke  
signal amplification 

γ(β), muons 

6Li(n,t)α 

Nucl. Instrum. Meth. A 940 (2019) 320 

Bolometric test @CSNSM [in 2018] 

Ge light  
detector 

Bkg+232Th, 27 h 



Tests of Li2MoO4 crystals produced in the U.S.  
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• Radiation Monitoring Devices 
 Czochralski method 
 Commercial compounds 
 Li2MoO4 samples up to ~∅5 cm 

Li2MoO4 
31×30 ×19 mm 

55 g 

Neganov-Trofimov-Luke  
signal amplification 

Ge light  
detector 

Bolometric tests @CSNSM [in 2019] 

Bkg, 227 h 
J. Tower @ICCGE-2019 



CUPID competitor: AMoRE path to Li2MoO4 bolometers 
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AMoRE: 100Mo 0ν2β search w/  CaMoO4 & alternatives 
2013-2022 Project fully funded by Korea (IBS CUNPA); after ~10-yr R&D http://amore.ibs.re.kr 

Baseline: MMC-instrumented 40Ca100MoO4 (40Ca = 99.964%, 48Ca < 0.001%, 100Mo = 96%) 

AMoRE-Pilot 
5x-6x CMO 

 
 

Best [µBq/kg] 

228Th = 50(15) 
226Ra = 40(12) 

AMoRE-I 
13x CMO 

5x LMO 
 

Best [µBq/kg] 

228Th = 10(3) 
226Ra = 10(3) 

  AMoRE-Pilot AMoRE-I AMoRE-II 

Crystals 
40Ca100MoO4 

 

40Ca100MoO4 
+LMO,.. 

X100MoO4 
X=Ca,Li,Zn,Na… 

Crystals mass 1.5-1.9 kg ~6 kg ~200 kg 

Bkg @ROI goal 
(c/keV/kg/yr) 0.01 0.001 0.0001 

lim T1/2  (yr) ~1024 ~1025 ~5×1026 

lim 〈mββ〉 (eV) 0.38–0.64 0.12–0.20 0.017–0.029 

Location Yangyang Yangyang Yemilab (new) 

Schedule 2016-2018 2019~ 2021~ 

40Ca100MoO4 0.2 kg 

2015-2019 100Mo delivery 
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AMoRE-II 

Main issues of CaMoO4 detectors 
 2ν2β 48Ca (Qββ = 4.3 MeV, i.a. 0.2%) 

⇒ requires Ca depleted in 48Ca  
 U/Th traces (even after 2x crystallization) 

Kyungmin Seo @TAUP 2019  

Technical  
Design  
Report  

arXiv:1512.05957 



AMoRE: R&D of Li2MoO4 crystal  

42 Se Jin Ra @ICHEP 2018  

+ LMO supplied by NIIC (Russia), 
LTG Cz using LUMINEU protocol 

using the Czochralski method 



18 keV FWHM 
@2615 keV 

AMoRE: tests of MMC-instrumented Li2MoO4 
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Strong impact of  
LMO weak hygroscopicity  
on MMC-readout signal: 

4x lower signal Ampl. 
10x worse E resolution 

Hyelim Kim @LTD-18 

Li2MoO4 
∅50×48 mm DOI: 10.1016/j.nima.2019.04.061 

DOI: 10.1007/s10909-019-02291-7 

Rise time: 
0.36 ms (LD)  
1.9 ms (LMO) 

DP = 14 



Summary 
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Summary 
 100Mo is among the most promising isotopes for 0ν2β decay search 

 
 Over the last decade, natural and 100Mo-enriched Li2MoO4 crystals  

have been extensively developed and tested as scintillating bolometers  
 

 Li2MoO4 is the best Mo-containing material ever developed for cryogenic 
0ν2β experiments 
 

 Li2100MoO4 scintillating bolometers have been already used in LUMINEU,  
are operational in CUPID-Mo, will be used in AMoRE-I and CROSS, 
selected for CUPID & under consideration for AMoRE-II 0ν2β experiments 

    Stay tuned !  
 


	Слайд номер 1
	Слайд номер 2
	Слайд номер 3
	Слайд номер 4
	Most promising isotopes for 02 decay search
	Слайд номер 6
	Слайд номер 7
	Слайд номер 8
	Слайд номер 9
	Слайд номер 10
	Слайд номер 11
	Слайд номер 12
	Слайд номер 13
	Слайд номер 14
	Слайд номер 15
	Слайд номер 16
	Слайд номер 17
	Слайд номер 18
	Слайд номер 19
	Слайд номер 20
	Слайд номер 21
	Слайд номер 22
	Слайд номер 23
	Слайд номер 24
	Слайд номер 25
	Слайд номер 26
	Слайд номер 27
	Слайд номер 28
	Слайд номер 29
	Слайд номер 30
	Слайд номер 31
	Слайд номер 32
	Слайд номер 33
	Слайд номер 34
	Слайд номер 35
	Слайд номер 36
	Слайд номер 37
	Слайд номер 38
	Слайд номер 39
	Слайд номер 40
	Слайд номер 41
	Слайд номер 42
	Слайд номер 43
	Слайд номер 44
	Слайд номер 45


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



