
History of Domestic Experiments  
in KOREA

경북대학교 물리학과 김홍주

KFCC brainstorming workshop

12-14, Nov, 2021, Kyungju



Experiment in KOREA

Past, current and future

It is not full overview but with my bias,
excuse me if I miss some activities 



Brief history of domestic experiments
(Including R&D periods)

(Purely personal view)
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• 1997 : First discussion on WIMP search (cryogenic detector).

• 1997-2002 : Feasibility studies on CsI(Tl) crystals for DM search.

(H. J. Kim, S. K. Kim, Y. D. Kim ICHEP98, NIMA 457 (2001) 471

• 2000 : Creative Research Funding approved (PI : S.K. KIM)

• 2000 : ChyungPyung (CPL) underground lab was eastabilished. 

• 2003 : Construction of Y2L.

• 2005. 12 – 2006. 3 4 CsI crystal ran  limits (PLB paper)

• H. S. Lee et al. (KIMS Collaboration), Phys. Rev. Lett. 99, 091301 (2007).

• 2009.  9 – 2012. 8. 12 CsI crystals  limits, modulations.

• 2012. 10 – 2013. 12 12 CsI crystals in test mode.  PMT upgrades.

• 2012.                         New limits of KIMS,  PRL (2012), AP (2012) 

• 2014.                         Low mass dark matter search, PRD (2014)   

• 2015 – Now              Test facility for COSINE-100 experiments  

History of KIMS (Korean Invisible Mass Search)



KIMS (Korea Invisible Mass Search)

KIMS collaboration members

Seoul National University: H.C.Bhang, 
J.H.Choi, S.H. Choi, K.W.Kim, S.C.Kim, 
S.K.Kim, J.H.Lee,J.I.Lee , J.K.Lee, 
M.J.Lee, S.J.Lee, J.Li, X.Li, 
S.S.Myung,S.L.Olsen, I.S.Seong
Sejong University: U.G.Kang, Y.D.Kim
Kyungpook National University: 
H.J.Kim, J.H.So, J.Y.Lee
Yonsei University: Y.J.Kwon
Ewha Womans University: I.S.Hahn
Seoul City University : Douglas Leonard
Korea Research Institute of Standard 
Sciences : Y.H.Kim, K.B.Lee, M.K. Lee
Tsinghua University : Y.Li, Q.Yue, J. Li

2003.2.27



Early R&D for KIMS at CPL
(1997-2002)



Darkmatter search in Korea

Mineral oil 30cm Pb 15cm : 30t

OFHC Cu 10cm : 3tPE 5cm 

+ LSC



KIMS 
results





aaaNatureData taking 2016 : Nature 2018



IBS/CAPP (from 2013)



Current experiments of 0n bb search…

AMoRE



Brief History of AMoRE
1) 2002 : First idea and try to grow CaMoO4(CMO) in Korea. 

2) 2003- 2004 : 1st Conference presentation (VIETNAM2004)

3) 2005-2007 : Large CMO with 1st ISTC project

4) 2007   : CMO R&D in cryogenic temperature started. 

5) 2009   : AMORE collaboration formed

6) 2010-12 : 48deplCa100MoO4 internal background study

7) 2013  : AMoRE funded (CUP, IBS  PI: Y.D. Kim) 

8) 2014  : Upgrade of Y2L lab for AMoRE-pilot and AMoRE-I

9) 2020  :AMoRE-I started



AMoRE collaboration



CMO (FOMOS) 
CMO (CUP) 

CMO (NIIC) CMO (CARAT) 

Cs2MoO4

Cs2Mo2O7

Cs2Mo3O10

PMO (NIIC) LMO ( KNU)          AMCRYS

LMO (CUP)

NMO (KNU)     (NIIC)

(KNU)

AMoRE-II: Mo crystals grown and tested



 Experiment

 Dark matter search

 AMoRE

 Rare decay experiment

Future possibility

 k-Ton LSC for DB, solar n

 IsoDAR
 Ton scale DB exp.

 Dark photon exp.

 New dark matter search

 New idea with detector! 

48,000m3

volume

Surface office/labUnderground lab
Excavation

Yemi Underground Laboratory (by 2022)



RENO Collaboration
8 institutions and 35 physicists in Korea

 Chonnam National University
 Dongshin University
 GIST
 KAIST
 Kyungpook National University
 Seoul National University

 Total cost : $10M

 Start of project : 2006

The first experiment runni 
with both near & far dete
ctors since Aug. 2011

ng

 Seoyeong University
 Sungkyunkwan University

Reactor Experiment for Neutrino

O

YongGwang (靈光) : 

New name: Hanbit



100m 300m

70m high

200m high

1,380m290m Far Detector

Near Detector

Reactors

YongGwang Nuclear Power Plant

Google Satellite View of Experimental Site

120 m.w.e. 16.5 GWth

(Hanbit)

PI : S.B. Kim

http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Tdr_3-2.jpg
http://reno01.snu.ac.kr/~reno/wiki/index.php/Image:Tdr_3-2.jpg


total ~460 tons

Thick  

(cm)
vessel Material

Mass 

(tons)

Target 140
Acrylic 

(10mm)

Gd(0.1%)
+LS

15.4

Gamma
catcher

60
Acrylic
(15mm)

LS 27.5

Buffer 70 SUS(5mm)
Mineral  

oil
59.2

Veto 150
Steel 

(15mm)
water 354.7

• Inner PMTs: 354 10” PMTs

• solid angle coverage =
~14%

• Outer PMTs: ~ 67 10” PMTs

RENO Detector



YongGwang Nuclear Power Plant

16.5 GWth NEOS

2.8 GWth

30 m.w.e.

~25m

NEOS (NEutrino Oscillation at Short-baseline) Experiment





KNO
J-PARC off-axis neutrino beam comes to
Korea

Off-axis angle

Baseline ~1100km: next oscillation maxima in Korea



Korean Neutrino Observatory (KNO)

CP phase & neutrino 

mass ordering at 2nd

oscillation maximum Lifetime : 1035 yr 

New step to geo-

science 

Neutrino telescopeNeutrino oscillation



KNU Advanced Positronium Annihilation Experiment 
(KAPAE)



Positronium decay experiment
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My research with 
scintillators over 20 years



Medical application

Nondestructive analysis

High energy physics Security check

Board    inspection Radiation monitoring

Astro-particle physics, ........ X-ray scanning

Scintillation Detectors

Scintillation Surveymeter

NaI(Tl) Spectrometer

Application of Scintillators



Crystal growing system with Czochalski method 

Alumina Tube

Silica Tube

Pt Bar
Seed
Window

Crystal

Fire-brick

Pt Crucible

R.F. Coil

Thermocouple

At KNU

LiF(Pure

)
LiF(Pure

)

LiF(Pure

)



Bridgman Crystal Growing Methods

At KNU



Crystals growing research at KNU over 20 years

Ba0.2Sr0.8Cl2GAGG:Ce PbCl2:Eu2+ BGSO

SrCl2(Eu) CeCl3 LaCl3(Ce) CeBr3

NaI:Tl, CsI(Tl, Co3, Na), BGO, BSO, BGSO, SrWO4, CaMoO4, SrMoO4  et al.
New material : BaSrCl2, CsCe2Cl7, Cs(Rb)2Li(Na)CeCl6, Cs2LiGd(Lu)Cl(Br)6:Ce, 
Li6Lu(Gd,Y)(Bo3)3, NaGd(Wo4)3, LiBaF3, ZnMnTe,  Tl-based scintillators et al.



Scintillator Development 
Direction 



Discovered Tl-based novel scintillators

 The pioneer research work on the discovery and development of Tl-based scintillators was started in 

2009 by our research group and published Tl2LiGdCl6:Ce as 1st paper in 2015.
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 The pioneer research work on the discovery and development of Tl-based scintillators was 

started in 2009 by our research group and published Tl2LiGdCl6:Ce as 1
st paper in 2015.

Elpasolites

Tl2LiGdCl6:Ce [1]

Tl2LiGdBr6:Ce [2]

Tl2LiYCl6:Ce   [3-6]

Tl2LiLuCl6:Ce  [7]

Tl2LiScCl6 [8]

Ternary Halides

Tl2LaCl5:Ce [9-12]

Tl2LaBr5:Ce [13]

Tl2GdCl5:Ce [14, 15]

TlGd2Cl7:Ce  [16]

TlSr2Br5          [17]

TlSr2I5:Eu    [18, 19]

TlCaCl3           [20]

Tl2HfCl6          [21-24]

Tl2ZrCl6 [25,26]

TlAlF4 [27, 28]

TlMgCl3         [29]

TlCdCl3 [30]

TlCaI3 [31]



In my opinion, domestic 
experiments need to be 
balanced with foreign 

experiments and grow with 
small  & large scale 


