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(Lower Dam)

Seoul

Y2L

700m

1000m
RAON

Center for Underground Physics IBS

- KIMS/COSINE (Dark Matter Search)

- AMoRE (Double Beta Decay Experiment)

- Minimum depth: 700 m/Access to the lab by car (~2km)
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These results will generate tension for isospin violating models explaining DAMA 
along with null results from other experiments.

Published in Nature Vol 564, 83, 2018  
– First result constraining DAMA result with NaI crystals.
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Principle of AMoRE detector

• Use Mo containing Scintillating Bolometer : (40Ca,X)100MoO4 + MMC
• For Each crystal, phonon and photon sensors made of MMCs+SQUIDs to 

separate alphas (background) and betas (signal).   
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 180mTa : one of the most interesting nuclei

• Natural tantalum : 181Ta(99.988%), 180mTa(0.012%) 

• The heaviest long-lived odd-odd nucleus

• Naturally occurring metastable isotope

• Nucleosynthesis of 180mTa is still unsolved problem : 

because its process is bypassed by the main production for 

heavy nuclei such as r- or s- processes.

 Half-life of 180mTa 

• The half-life of the ground state of 180Ta is 8.1 hours, 

but the half-life of 180mTa was never measured to date.

• The latest half-life lower limit of 180mTa : 

- EC > 2.0 x 1017 years 

- 𝛽𝛽- decay > 5.8 x 1016 years  [B.Lehnert, Phys Rev C 95 044306 (2017)]

• The purpose of this experiment is to get improved limit values for the half-

life of 180mTa decay.

13



Experimental setup
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 Sample (natural tantalum)

• A simulation study was conducted to determinate the sample configuration. (JKPS paper will be published in July) 

• The final sample configuration is composed of one central disk and six side panels (6.9 kg).

• The tantalum sample was kept at underground with N2 gas flushing for 2 months to reduce the 182Ta level.

 Run information

• Measurement period : 111.2 day



Data analysis : Single-hit

15

Tantalum (111.2 days)
BG (for 27.3 days)

1120 keV @ 238U
1121 keV @ 182Ta

1221 keV @ 182Ta
1231 keV @ 182Ta
1238 keV @ 238U

1190 keV @ 182Ta

238U : 33.0(66) mBq/kg
232Th : 8.0(16) mBq/kg
40K : < 8.1 mBq/kg

• 93.3 keV, 215.3 keV, 332.3 keV, 547.3 keV (EC)
• 103.5 KeV, 234.0 keV, 350.9 keV, 584.9 keV (𝛽𝛽- decay)



Data analysis : Single-hit result
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Mode Energy
(keV)

Counts rate
(CPD) Partial T1/2 (year) Lehnert

EC
215.3 2.19(44)

> 1.45 x 1017 > 2.0 x 1017332.3 < 1.13
547.6 < 0.39

β- decay
103.5 < 0.76

> 1.11 x 1017 > 5.8 x 1016
234.0 < 0.79

a = specific activity
NA = Avogadro’s number
NA = Natural abundance
Ar,Ta = Atomic mass of tantalum

• 93.3 keV peak for EC could not be used for analysis because of 92.8 keV peak from 234Th.

• 350.9 keV peak for β- decay could not be used for analysis because of 351.9 keV peak from 214Pb.

• 584.9 keV peak for β- decay could not be used for analysis because of 583.2 keV peak from 209Tl.



Data analysis : Double-hit histogram
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■R1 : E1 + E2 = 547.6 keV +/- 6 𝜎𝜎𝑡𝑡 keV
■R2 : E1 or E2 = 215.3 keV +/- 3 𝜎𝜎1 keV
■R3 : E1 = 332.3 keV +/- 3 𝜎𝜎2 keV

𝜎𝜎1 = 0.681
𝜎𝜎2 = 0.724
𝜎𝜎𝑡𝑡 = 1.405

[2-Dim plot for 2 gamma coincidence (E1, E2)]      * E1>E2

(EC) (β- decay)



Data analysis : (1) 1-Dim plot for R1
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352keV @ 214Pb

295keV @ 214Pb

511keV
annihilation peak

583keV @ 208Tl

Projection

548 keV @ EC -> 215 keV & 332 keV
584 keV @ β- decay -> 234 keV & 350 keV



Data analysis : Double-hit result
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Mode Region Counts rate
(CPD) Partial T1/2 (year) Lehnert

EC
R1 < 0.182

> 3.67 x 1017 > 2.0 x 1017R2 < 0.422
R3 < 0.428

β- decay
R2 < 1.530

> 3.17 x 1017 > 5.8 x 1016
R3 < 0.409

• R1 region for β- decay could not be used for analysis because of 583.2 keV peak from 209Tl. 

a = specific activity
NA = Avogadro’s number
NA = Natural abundance
Ar,Ta = Atomic mass of tantalum



Analysis Method : Double-hit (EC)
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 coordinates of histogram (E1, E2)

- Deposited energies of 2 gamma

- E1 > E2 

 Regions of histogram 

[R1]

- E1 + E2 = 547.6 keV (215.3+332.3 keV)

- 215.3 keV and 332.3 keV from EC

- No energy loss 

- line? : Cross-talk

[gamma energies from EC]
215.3 keV, 332.3 keV

Det.1 Det.2

■R1 : E1 + E2 = 547.6 keV +/- 6 𝜎𝜎𝑡𝑡 keV
■R2 : E1 or E2 = 215.3 keV +/- 3 𝜎𝜎1 keV
■R3 : E1 = 332.3 keV +/- 3 𝜎𝜎2 keV

Simulation Data

E1 [keV]

E 2
[k

eV
]



Result
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Mode
Partial T1/2 (year)

Lehnert
Single-hit Double-hit

EC > 1.45 x 1017 > 3.67 x 1017 > 2.0 x 1017

β- decay > 1.11 x 1017 > 3.17 x 1017 > 5.8 x 1016

• We could not find peaks of interest from 180mTa decay and only get the limit values. 

• We obtained improved half-life for β- decay mode compared to Lehnert’s result.

• A longer measurement time is required because more statistics are needed to find peaks. We have devised a 

plan for the second run to improve our first result of the tantalum measurement.
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[ Experiment Ⅱ]

Measurement for gamma transitions of the 208Pb* (CC1)
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Experimental concept

 ThO2 powder measurement using an HPGe detector to identify unknown branching ratios of gamma transitions.

 Transitions of interest : 3197.7 keV, 3475.1 keV, and 3708.4 keV gamma transitions in excited states of 208Pb, after the 
208Tl decay.   
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Energy (keV) 3198 3475 3708

BR (%) < 0.007* < 0.003* < 0.004*



Motivation  : Background study for 0νββ experiments

 0νββ

- Most Q values of 0νββ decay are less than 3.1 MeV.

- Ex : 100Mo (Q=3034 keV) is an ideal candidate for the 0νββ search

because most background events from gamma emissions are

below 2700 keV.

- 208Tl decay Q value = 4999 keV -> a main background for the  

0νββ decay experiment.

 Gamma transitions with E > 3 MeV from the 208Tl decay

- Gamma intensities with E > 3 MeV are not known.

- The current limits are not negligible for zero background 

experiment.

100Mo Q-value
3034.40 keV

Energy (keV) 3198 3475 3708

BR (%) < 0.007* < 0.003* < 0.004*
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* NNDC database, S. I. Vasil'ev et al., Instruments and Experimental Techniques 49, 34 (2006).



Experimental setup

▲[HPGe detector structure & sample set up]

10c
m
10cm

15cm

Lead
Copper

Lead

5cm

ThO2

10cm

HPGe
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[ex] 3198 keV peak

(1) Coincidence with 583 keV and 2614 keV gamma rays

(2) 3198 keV gamma transition



Data analysis : Energy histogram (39.5 days)

▲ [Energy histogram / 1keV bin]

 Peaks with E < 600 keV were not founded 

except 511 keV caused by 10cm lead. 

 Pileup events make background at 

E > 3 MeV regions

27

Pileup



Data analysis : Peak fitting
─ Best-fit curve
─ Limit estimation curve (90% C.L.)

Energy (keV) Count rate (CPD)

3198 < 0.38

3475 < 0.31

3708 < 0.33
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 BR(I) calculation

 Calculation for 208Tl decay

Result : Equation
N3’ = E3 peak counts
Ndecay = Total number of decay
Ii = transition intensity(BR)
Εi = detection efficiency for i keV peak

𝑁𝑁3′ = 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 × (𝐼𝐼3 × 𝜀𝜀3 + 𝐼𝐼1 × 𝜀𝜀1 × 𝐼𝐼2 × 𝜀𝜀2)

𝐼𝐼3 =
1
𝜀𝜀3

× (
𝑁𝑁3′

𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
)

𝑁𝑁208𝑇𝑇𝑇𝑇 =
𝑁𝑁2615

𝜀𝜀2615 × 𝐼𝐼2615

𝐼𝐼3 =
𝑁𝑁3′ × 𝜀𝜀2615 × 𝐼𝐼2615

𝜀𝜀3 × 𝑁𝑁2615

E1 + E2 = coincidence 

29

Energy (keV) Efficiency

3198 5.95(60)E-06

3475 5.85(59)E-06

3708 5.40(54)E-06

E3 transition E1+E2 coincidence



Result

 Current intensities are from the NNDC database. (S. I. Vasil'ev et al)

 Our result are at least 20 times lower than current results.

 With this improved upper-limit numbers, the zero-background experiments are not effected from the gamma 

transitions with E > 3 MeV from the 208Tl decay.
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Energy
(keV)

BR (%)

NNDC This work Theoretical
estimation

3198 < 7E-03 < 1.6E-04 < 6.43E-07

3475 < 3E-03 < 1.3E-04 < 6.52E-10

3708 < 4E-03 < 1.5E-04 < 1.25E-12



Conclusion

 Two rare decay experiments using HPGe detectors were conducted in Y2L.

 Decay of 180mTa

- We measured 6.9 kg tantalum sample using CAGe to identify the half-life of 180mTa

- We obtained improved half-lives for each decay mode (EC, beta-) as following.

- The result of this experiment will be submitted to PRC.
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Energy
(keV)

Partial T1/2 (year)

Lehnert This work

EC > 2.0 x 1017 > 3.67 x 1017 

Beta- > 5.8 x 1016 > 3.17 x 1017



Conclusion

 Two rare decay experiments using HPGe detectors were conducted in Y2L.

 Rare transitions in excited states of 208Pb

- We measured 2kg ThO2 powder using a single HPGe detector to identify branching ratios for 3198 keV, 3475 keV, and 

3708 keV gamma transitions from excited states in 208Pb, after the 208Tl decay. 

 We obtained new upper-limit numbers for the three branching ratios, and our result are at least 20 time lower than 

current results. 

 With this improved upper-limit numbers, the zero-background experiments are not effected from the gamma transitions 

with E > 3 MeV from the 208Tl decay.
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Energy
(keV)

BR (%)

NNDC This work

3198 < 7E-03 < 1.6E-04

3475 < 3E-03 < 1.3E-04

3708 < 4E-03 < 1.5E-04
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