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김 홍주

• What is the World (Universe) Made 
of ?

• How small we can break a matter?

• What is the fundamental interaction?

• Experiment to find it out!



How do you observe matter even 
if it can’t be seen by eye?



Electromagnetic Radiation 
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Why sensitivity is extremely important? 

•Ultra-low-noise readout down to 2 e-

•Back-illuminated CCDs deliver >95% peak QE

Dark matter search with CCD (DAMIC)





XRD (X-Ray Diffraction) 

Silicon sensor



How do you observe matter

Scintillator
+ photosensor



How do you observe matter

Pixeleted CsI:Tl
+ CMOS pixel sensor



PET/CT Scanners

Crystal Scintillator
+ photosensor



RatCAP: Rat Conscious Animal PET

• Good energy resolution
• Fast decay time
• Reasonable cost



김 홍주

Calorimeters , PET and EC/b+ double beta decay

PET Camera
Calorimeter

• Cylindrical Gamma Ray Detectors

• High Efficiency, Hermetic

• Segmented, High Density Scintillator Crystals

• High Performance Photodetectors

• High Rate, Parallel Readout Electronics

0n EC/b+



Principle of Particle Detection 



Quarks to Cosmos

Cosmos -궁즉통- Quark
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Particle energy loss in matter

X rays

gamma rays

PE

CS

PP

electron(s)

dE/dx loss

charged particle

Nuclear particles

nuclear reaction

energetic neutrons

proton

dE/dx loss

dE/dx loss



Particle Detection Principle

1) Gas Detector

2) Liquid ionization

3) Semiconductor

1) Inorganic

2) Organic

(Solid, Liquid, gas)

1) Cryogenic detector

Cerencov radiation          Cerencov light       1) Cerencov det.

Transition radiation         Transition x–ray  1) Transition det.



Identifying particles



m / KL detection

14/15 lyr. RPC+Fe

Tracking + dE/dx

small cell + He/C2H
5

CsI(Tl) 16X0

Aerogel Cherenkov cnt.

n=1.015~1.030

Si vtx. det.

3 lyr. DSSD

TOF counter

SC solenoid

1.5T

Belle Detector

8GeV e-

3.5GeV e+



Why good energy resolution for g-ray spectroscopy?

Background rejection from signal is important
and you need to have a detector which perform it!
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 Energy resolution 
HPGe : 1-2keV at 1MeV (0.1%)

 Low energy detection :  
EMCCD ( 6eV RMS), Bolometer ( <10eV)

 Timing resolution 
50 ps with scintillator 

 Position resolution 
1mm with Emulsion (5 mm with silicon pixel)

 Maximum Size 
1km3 (Giga Ton) with IceCube Cerencov detector

The best detector performance



간장 을 이용한 뮤온 검출용 액체 섬광 검출기

통과 뮤온
전자

중성미자

정지뮤온

2.2ms 
붕괴시간



Development of new physics is 
closely related how to invent new 

detection method !

Examples in Nobel Prize in Physics

http://en.wikipedia.org/wiki/List_of_Nobel_laureates_in_Physics



Multiwire Proportional Chambers

The MWPC was invented by Charpak 

at CERN.  Principle of proportional 

counter is extended to large areas.

Stack several wire planes up in 

different direction to get position 

location.

1992 Prize

Avalanche developing



Georg Raffelt, MPI Physics, Munich Physics Colloquium, UNSW, Sydney, 4 March 2014

2002 Physics Nobel Prize for Neutrino Astronomy

Ray Davis Jr.
(1914–2006)

Masatoshi Koshiba
(*1926)

“for pioneering contributions to astrophysics, in
particular for the detection of cosmic neutrinos”



Over sky 





How do cosmic accelerators work?

2
8

Fundamental questions of CRs physics

Where do CRs come from?

How are they accelerated to such HE?

 

BESS

ATIC

CREAM

ground based Indirect 
measurements

AMS



Astro-physics  

ATIC (BGO, 22.4 Xo)

FERMI (CsI:Tl, 8.6Xo)

CREAM(W+plastic)

ISS-CREAM(W+plastic)



shower  



Discovery of water ice in Odyssey

오딧세이

Discovery of water ice in Odyssey



At ground



LHC(Large Hadron Collider) 7 TeV p + 7 TeV p @CERN



Standard model

Higgs  : 2013 



At deep underground



IceCube : Biggest detector; 1km3

Science 2018



Experiment in KOREA

Past, current and future



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

2000 @ CPL, began in the vinyl room
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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)



Darkmatter search in Korea

Mineral oil 30cm Pb 15cm : 30t

OFHC Cu 10cm : 3tPE 5cm 

+ LSC



aaaNatureData taking 2016 : Nature 2018



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



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

 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)



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


YongGwang Nuclear Power Plant

16.5 GWth NEOS

2.8 GWth

30 m.w.e.

~25m

NEOS (NEutrino Oscillation at Short-baseline) Experiment



한국 중성미자 관측소 추진 계획

(Korea Neutrino Observatory : KNO) 

 구축기간 : 약 7년 소요 (>2025) 

 사업비:  약 3000억 원 예상 (해외 공동연구진 약 500억 공헌 예상)

 구축내용: 높이 1,000m 이상의 산 (비슬산, 보현산) 지하에 25만 톤의

초순수한 물을 포함하는 검출기인 중성미자 망원경(KNO) 을 비롯한 국

제 지하과학 종합 연구시설을 구축

 J-Park 중성미자 빔을 이용한

중성미자 CP,  질량 순서 연구

 양성자 붕괴 실험

 중성미자 천문학 :  Multi-messenger

(  supernovae, gamma—ray burst,

solar…)  
KNO 중성미자 검출기 내부 예상도



RAON : Heavy ion beam @IBS



김 홍주

1. What is dark matter? 

2. What is dark energy?

3. How were the heavy elements from iron to 

uranium made?

4. Do neutrinos have mass? Yes!

5. Where do ultrahigh-energy particles come 

from?

6. Is a new theory of light and matter needed to 

explain what happens at very high energies and 

temperatures?

7. Are there new states of matter at ultrahigh 

temperatures and densities?

8. Are protons unstable?

9. What is gravity?

10. Are there additional dimensions?

11. How did the universe begin?

You need a creative detector to discover one of this !




