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GRANDE:
❑ Underground experiment at the Yemi Underground Lab with low-background shielding 
❑ Radioactive source embedded in a crystal scintillator (CeBr3 : fast, high light yield, low 

background)
❑ 4π VETO with BGO
❑ Aim for a zero-background condition
❑ Measurement of Rare EC process, rare beta, and alpha decay with isomer gamma emission

❑ Axion-like particle or dark photon searches with M1 and E1, E2 transitions of nuclear decay
❑ Decay process: Coupling is proportional to ε2 not ε4 (Accelerator, Reactor)
❑ Tabletop-scale experiment (much lower cost)
❑ Source-detector technique (radioactive doping in fast scintillator) 
❑ Time-delayed coincidence method to eliminate backgrounds in the case of isomeric states

Dark Matter Search with Radioactive sources 

❑ Low mass only (typically << 1 MeV due to detector costs)
❑ Activity limitations
❑ 4π veto
❑ Need for a “zero-background” experiment (Underground lab)





GRANDE 1st brick!

5-6 10-9
1-2 10-9 

1-1.6 10-9 
2.5-3.3 10-8 



#1
M1 5/2+

1 → 7/2+
1: 165.86 keV 

Kα X-ray: ~33 keV

#1
M1 5/2-

1 → 3/2-
1: 122.06 keV 

M1 3/2-
1 → 1/2-

1: 14.4 keV 
K X-ray: ~6 keV
#2
E2 5/2-

1 → 1/2-
1: 136.47 keV 

K X-ray: ~6 keV

#1
M1 0-

1 → 1-
1: 78.33 keV 

E1 1-
1 → 2+

1: 67.87 keV 
Kα X-ray: 4 keV

#2
M2 0-

1 → 2+
1: 146.212 keV 

Kα X-ray: 4 keV

Major possibilities for dark matter 
particle searches through EC transitions



GRANDE 2nd brick!

Yemi Underground Lab (Center for Underground Physics, IBS) 

GRANDE ROOM
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❑ Kyungpook National University, KOREA

❑ Center for Underground Physics, KOREA

❑ University of Jyväskylä, Finland

❑ University of the Aegean, Greece

❑ Nakhon Pathom Rajabhat University, Thailand
❑ University of Chiangmai, Thailand

GRANDE 3rd brick!



GRANDE Track 

SCINT. Crystal R&D

CeBr3:139Ce detector: DAQ + Analysis

CeBr3:57Co detector testing CeBr3:57Co detector: DAQ + Analysis

CeBr3:44Ti preparation

Current

Simulation & theory

Future

CeBr3 internal background



Source-as-Detector Experiment

CeBr3 advantages : Fast decay time, high light yield, good energy resolution
Disadvantages : very hygroscopic, internal background

Table-top experiment

BGO veto Detector schematic

CeBr3:139Ce
CeBr3:57Co
CeBr3:44Ti



Crystal growth using the Bridgman method

Targets:
❑ Crack-free
❑ High radioactive
❑ Low internal background
❑ High light yield
❑ Size handle

X-ray luminescence



Pure CeBr3 internal background @ Yemi Suitable for double beta decay search

Good background condition @ Yemi

With help of E.K. Lee (IBS) The Gran Sasso National Laboratory (LNGS) of the INFN (Italy) 
P Belli et al., J. Phys. G: Nucl. Part. Phys. 38 (2011) 015103 (15pp) 



CeBr3:139Ce External 133Ba source

No external source

External 241Am source

Isotope Energy (keV)

139Ce

5
34.21504

170.86
200.075

241Am 59.5

133Ba

30.85
35.1

53.15
81

111.85
276.4

302.85
356.02
383.85

59.5 keV

26.3 keV
17.5 keV

30.85 keV

81 keV

165.86+33.3 keV
165.86 keV &
165.86+5 keV

33.3 keV
5 keV



CeBr3:139Ce + BGO veto

661 keV BGO

167 keVee BGO

@ ground @ Yemi lab

R12669 – SEL (Hamamatsu Photonics) low BG PMT gain effect

Test with 137Cs

CeBr3 (Main)

1000 V 1100 V 1200 V



CeBr3:139Ce + BGO veto

Expected 33 keV

BGO 166 keV + CeBr3 33 keV

BGO 166 keV + CeBr3 5 keV

CeBr3 166 keV + CeBr3  33 keV  

CeBr3 166 keV + CeBr3   5 keV  

BGO tail No BGO tail

CeBr3+BGO CeBr3+BGO CeBr3

We have reached 10⁻⁶ 
and aim to collect more 
data to reach 10⁻⁹.

Data rate ~20 kHz



CeBr3:57Co

No external source

External 133Ba sourceExternal 241Am sourceExternal 55Fe source

5.9 keV 59.5 keV

26.3 keV
17.5 keV 30.85 & 35.1 keV

❑ CeBr3:57Co crystal can reach the 6 keV range
❑

57Co activity in CeBr3:57Co needs to be increased



CeBr3:57Co cascade decay

14.4 keV



GRANDE Track 

SCINT. Crystal R&D

CeBr3:139Ce detector: DAQ + Analysis Improvement

CeBr3:57Co 
detector setup

CeBr3:57Co detector: 
DAQ + Analysis

CeBr3:44Ti detector preparation

Current

Simulation & theory

Future



Welcome to GRANDE Collaboration!

GRANDE
❑Dark Matter Search with Radioactive sources

❑Measurement of Rare EC process, rare beta, and alpha decay with isomer gamma emission

Welcome new ideas and contributions

The challenges (We are in R&D)
❑ High-quality scintillator development
❑ Radioactive source
❑ Detector fabrication improvement
❑ Data acquisition improvement
❑ Data analysis development
❑ Simulation and theoretical modeling



Thank you for your listening!
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