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Neutrinoless double beta decay (0vDBD) 
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Motivation 
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Why 0vDBD is important 

 ∆𝐿 = 2 new physics beyond SM  
 Absolute neutrino mass scale (𝑣 oscillations give only 𝑚2 𝑣𝑖 −𝑚2(𝑣𝑗))  
 𝑣 is Majorana or Dirac particle (Majorana gives see-saw mechanism to 

explain smallness of 𝑣 masses)…… 

Next generation of 0vDBD 

experiments will use 

different technologies and 

approaches: 

 
PandaX-III 
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Detector choice 

Scintillating bolometers 

Properties of bolometers 
  Wide choice of different 

absorber material 
 
  High energy resolution FWHM 
 
  Low energy threshold for particle 

detection 
 
  Particle identification capability 

in hybrid measurements of heat-
light or hear-ionization energies. 
 

bolometers = low temperature calorimeters 
 

 tech. suggested in 1985 by E. Fiorini and T.O. Niinikoski 
 the first Te detector worked in 1989 
 first bolometric DBD experiment in 1997 
 predecessor of CUORICINO : 20 crystal array (MiDBD) 
 other applications: Dark Matter detection (CDMS, Edelweiss, CRESST) 

Source=absorber 

(NTD) 

Research Method 

20 mK 
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20 mK 

Internal reflecting 

cavity 

(Cu coated with Ag) 

Ge-NTD 

thermistor 

Optical bolometer 

(Ge disk) 

Scintillating 

crystal 

(absorber) 

Cu frame 

Thermal link 

BGO 92 g 

Thermal link 

Ge-NTD thermistor 

The Scintillating Bolometer 



Properties of 𝑴𝒐𝟒𝟐
𝟏𝟎𝟎  and 𝑪𝒅𝟒𝟖

𝟏𝟏𝟔   

7 

    

   𝐶𝑑𝑀𝑜𝑂4 crystal from NingBo University 



Crystal: CdMo𝑂4 
 
NingBo University: 

ϕ20.8 × 16.5𝑚𝑚 
             𝑀 = 34.8𝑔 
 
Density: 6.207𝑔/𝑐𝑚3 
 

Simulation 

Detector Construction 
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Parent Isotope 𝑇1/2 (years) t = 100(years)  

𝑀𝑜 
100  

2vββ 
(7.1 ± 0.4) × 1018 

2.0996641 × 107 

0vββ 
1.1 × 1024 

136 

𝐶𝑑 
116  

2vββ 
(2.9 ± 0.2) × 1019 

5.140557 × 106 

0vββ 
> 1.7 × 1023 

878 

1kg 100% enriched 𝑪𝒅 𝑴𝒐𝟏𝟎𝟎 𝑶𝟒
𝟏𝟏𝟔  

Present Work 
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 For the decay process of 𝑀𝑜42
100  and 𝐶𝑑48

116 , the initial kinematics of the two emitted 
electrons are given by DECAY0 event generator. 

𝑀𝑜100 
 0𝑣2𝛽 

𝐶𝑑100 
 0𝑣2𝛽 

FWHM=1% FWHM=1% 

𝐶𝑑116 2𝑣2𝛽 

𝑀𝑜100 2𝑣2𝛽 
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Internal backgrounds  (U/Th chains) 

Backgrounds 𝐵𝑖 
214  (U-238 chain) and 𝑇𝑙 

208  (Th-232 chain) 0.1mBq/kg： 
N = 0.1 × 10−3 × 1 × 365 × 24 × 3600 × 100 = 3.1536 × 105 

Elsevier B. V, et al., “Development of 𝐶𝑎𝑀𝑜𝑂4 crystal scintillators for a double beta decay experiment with 𝑀𝑜 
100 ,” 

Nuclear Instruments and Methods in Physics Research A 584 (2008) 334-345  
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 Bi214 with 0.1mBq/kg 

Use a 1ms time window to suppress the background from 𝐵𝑖214 , the red line 
is not use the coincidence method. 

𝐵𝑖 
214  (𝑄𝛽 = 3.27𝑀𝑒𝑉, 𝑇1/2 = 20𝑚𝑖𝑛)→ 𝑃𝑜(𝑄𝛼 = 7.83𝑀𝑒𝑉, 𝑇1/2 = 169𝜇𝑠)214  

Peaks:    𝑃𝑏 (210 147𝑘𝑒𝑉)
𝛽 𝑑𝑒𝑐𝑎𝑦(𝑄=63.5𝑘𝑒𝑉)

𝐵𝑖 147𝑘𝑒𝑉, 𝑇1/2 = 5.012𝐷 
210  
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 Tl208 with 0.1mBq/kg  

𝑇𝑙 
208  (𝑄𝛽 = 5𝑀𝑒𝑉)→ 𝑃𝑏208  

Use the 4π gamma veto system to decrease 
external background from 𝑇𝑙208 , the red line 

is not use the veto method. 
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 It indicates that 𝐶𝑑𝑀𝑜𝑂4 scintillator with 𝑀𝑜42
100 , 𝐶𝑑48

116  of double target 
nuclides is a very attractive one in this field. 

 The estimated sensitivity for 0vDBD experiment with 100 kg ∙ year’s running is on 

the level of limT1/2
0vββ

> 0.91 × 1025 yr ( 𝑀𝑜 
100 ) and limT1/2

0vββ
> 0.93 × 1024 yr ( 𝐶𝑑 

116 ) 

at 90% C.L. 

 MC-study results  

𝐶𝑑116  

𝑀𝑜100  

 assuming  
    the energy resolution is FWHM = 1%.  
   
    the realistic backgrounds from the  
    2v2β decay of Mo100  and Cd116 . 
 
    internal pollutions by Tl208  and Bi214   
    (both with 0.1mBq/kg).  

limT1/2
0vββ

> 1.1 × 1024 yr ( 𝑀𝑜 
100 ) and limT1/2

0vββ
> 1.7 × 1023 yr ( 𝐶𝑑 

116 )  
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Goals: measure emission spectra 
          and decay time 
 
Sample: 𝐶𝑑𝑀𝑜𝑂4 
 
Size: 5 × 5 × 1𝑚𝑚3 
 
Temperature: 22K – 300K 
 
Laser: 355 nm 
 
PMT: Hamamatsu R928   

Low temperature test platform (Laser) 



Temperature dependence of light yield 

The 𝐶𝑑𝑀𝑜𝑂4 crystal excited with laser of 355nm exhibits a broad emission 
bands peaked at 551nm. 
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At room temperature, 𝐶𝑑𝑀𝑜𝑂4  emits very faint light. With decreasing temperature, 
the light yield reaches a maximum at ~150 K. Further temperature decrease causes 
a reduction of the emission intensity. 



Temperature dependence of decay time 

                  (a)                                                 (b)                                                 (c) 
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𝜏 = 170 𝜇𝑠 𝜏 = 70 𝜇𝑠 

The main decay time constant is found to 
be 1.2 μs at room temperature (T = 300 K).  
 
During cooling to 22 K the scintillation 
decay time increases up to 170 μs. 

𝜏 = 1.2 𝜇𝑠 



17 

Schematic 
Low temperature test platform (Radioactive source) 
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Data acquisition 

Mechanical pump 

PMT 

Cryogenic vacuum 

chamber 

Vacuum indicator 

(~10−4𝑃𝑎) 

Thermometer 

(10K – 300 K) 

Refrigerator 

Low temperature test platform (Radioactive source) 
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BGO crystal at 150 K 

𝐶𝑠 − 137  
𝛾 0.662 𝑀𝑒𝑉 

𝐴𝑚 − 241  
𝛼 5.5 𝑀𝑒𝑉 

Quenching factor: ~30% 



Summary 

 MC-study shows that 𝐶𝑑𝑀𝑜𝑂4 crystal is able to offer the interesting 
information of 0vDBD both of 𝑀𝑜42

100 , 𝐶𝑑48
116  nuclides. 

     limT1/2
0vββ

> 0.91 × 1025 yr ( 𝑀𝑜 
100 ) and limT1/2

0vββ
> 0.93 × 1024 yr ( 𝐶𝑑 

116 ) 

      
 Experimental testing data demonstrates the scintillating properties of 

𝐶𝑑𝑀𝑜𝑂4 crystal relying on different temperature. 
 
 Characteristics of BGO crystal responding to 𝛼-source ( 𝐴𝑚 95

241 , 5.5 
MeV) and 𝛾-source ( 𝐶𝑠55

137 , 0.662MeV) is given. 

Thank you 
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Next to do 
 

Measure the  𝐶𝑑𝑀𝑜𝑂4 scintillation properties using α-source ( 𝐴𝑚 95
241 , 5.5 MeV) 

and γ-source ( 𝐶𝑠55
137 , 0.662MeV) based on the low temperature test system. 
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Back up  



FWHM=1% 

𝑀𝑜 
100  𝐶𝑑 

116  
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𝐵𝑖 
214  

𝐵𝑖 
214  (𝑄𝛽 = 3.27𝑀𝑒𝑉, 𝑇1/2 = 20𝑚𝑖𝑛)→ 𝑃𝑜(𝑄𝛼 = 7.83𝑀𝑒𝑉, 𝑇1/2 = 169𝜇𝑠)214  

Peaks:    𝑃𝑏 (210 147𝑘𝑒𝑉)
𝛽 𝑑𝑒𝑐𝑎𝑦(𝑄=63.5𝑘𝑒𝑉)

𝐵𝑖 147𝑘𝑒𝑉, 𝑇1/2 = 5.012𝐷 
210  

𝐵𝑖83
214 → 𝑃𝑜84

214 (1729.6) → 𝑃𝑜 609.3 → 𝑃𝑜 0 → 𝑃𝑏 →82
210

84
214

84
214 𝐵𝑖83

210 (46.5) →
𝐵𝑖(0)83

210 → 𝑃𝑜84
210 → 𝑃𝑏82

206  
23 𝛽 𝑑𝑒𝑐𝑎𝑦 𝑄 = 1162𝑘𝑒𝑉 𝛼 𝑑𝑒𝑐𝑎𝑦, 𝑄 = 5407𝑘𝑒𝑉, 𝑇1/2 = 138𝐷 



𝑇𝑙 
208  

𝑇𝑙 
208  (𝑄𝛽 = 5𝑀𝑒𝑉)→ 𝑃𝑏208  
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Half-life Limit 𝐶𝑑 
116  

𝑇1/2 = 0.93 × 1024𝑦𝑟𝑠 

𝑇1/2 = 1. 7 × 1023𝑦𝑟𝑠 
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Half-life Limit 𝑀𝑜 
100  

𝑇1/2 = 9.1 × 1024𝑦𝑟𝑠 

𝑇1/2 = 1.1 × 1024𝑦𝑟𝑠 
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Am-241 

66k 

~30.63 

100k 

~34.25 

150k 

~42.49 

200k 

~48.13 

250k 

~44.33 

297k 

~29.63 
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Cs-137 

100k 

~14.64 

150k 

~18.15 
200k 

~17.88 

250k 

~17.38 

297k 

~11.27 
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Parent 
Isotope 

Isotopic 
Abundance 

(%) 

Q value 
(keV) 

𝑇1/2
2𝑣𝛽𝛽 (years) 𝑇1/2

0𝑣𝛽𝛽 (years) 

𝑀𝑜42
100  9.82 3034 (7.1 ± 0.4) × 1018 > 1.1 × 1024 

𝐶𝑑48
116  7.49 2813 (2.9 ± 0.2) × 1019 > 1.7 × 1023 

Properties of 𝑴𝒐𝟒𝟐
𝟏𝟎𝟎  and 𝑪𝒅𝟒𝟖

𝟏𝟏𝟔   
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