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⇒ The era of multi-messenger astrophysics 5



Dark Matter Search
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KASI ⇒ Astronomical Data
KISTI (GSDC)⇒Collider Data

Prof. J.C. Park
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Direct

Collider
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HEP Experiments in Korea

Prof. Y. Kwon

Abroad

Domestic
IBS

Abroad
Neutrino

Domestic
Neutrino

Next Generation 
Dark Matter Experiment
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The changing nature of scientific 
research

e-Science

Prof. D. Reed
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Scientific discovery drivers 
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– Theory-Experiment-Simulation

– Science any time anywhere

– Sensors, Instruments, DB, Internet, Storage

– AI, Statistics, Data Mining, Algorithms, Deep 
Learning

1.  e-Science 

2. Data

3. Machine Learning
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• Theory-
Experiment-
Simulation

⇒ e-Science

1. e-Science
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Simulation

W. Nazarewicz
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KEK(Belle II)

Fermilab(DUNE)

DESI

Astronomy Data

 Data Sharing

Data production
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CERN
(CMS,ALICE)

Accelerator Data

LSST

Data Accelerator Data Astronomical Data Simulation Data

Input Collaboration only Collaboration only All researcher share

Output All researcher share All researcher share All researcher share

INTERNATIONAL 
COLLABORATION

SDSS

2. Data



The size of data
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Year Observatory Size of Data (Total)

Current SDSS 300TB

2019~ DESI (Starting) 1PB

2014~2020 SDSS4 500TB

2017~2022 DESI 5PB

2023~2030 LSST 500PB

Year Experiment Size of data

Current Belle ~1 PB

Current LHC(CMS)
10~20 PB/year

100 PB/year(Simulation
included) 

2019~2024 Belle II
100 PB

(50 times of current)

2025~       LHC(CMS)
100PB/year

(5~10 times of current)

Astronomy Data

Accelerator Data

Y.S. Song

S. Cittoling



Data Management System
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• From Big data 

to Fast data

• From theory-driven approach 

to Data-driven approach  

Prof. Y. S. Song

14E. Dobson
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Deep Learning Input

Dark Matter
Physics Model

Physics Simulation
(MadGraph/MadDM)

Event Simulation
(PYTHIA)

Detector Simulation
(Delph/PGS/Geant4)

Data

Compression

Reconstruction

Analysis Tools
(PAW/ROOT)
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Theory Experiment

3. Machine Learning



• Supercomputing meets machine learning.

Prof. J. Lee

⇒ Evolving computing architecture
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Evolving Computing 
Architecture
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KISTI Supercomputing center

• KISTI-5 Supercomputer
– Processing: 25.7PF

• Heterogeneous: 25.3PF CS400 
w/KNL

• CPU-only: 0.4PF CS500 w/SKL

– Storage
• 20PB SPS
• 10PB Archive

– Launched in November 2018
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KISTI-5



KISTI-5 supercomputer
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M.S. Joh 

Compute node

25.3PF

0.4PF
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KISTI-5 supercomputer
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KISTI-5 supercomputer building

22



Architecture of 
KISTI-5 supercomputer
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(SSD)

M.S. Joh 



& HEP sites in Korea
• Soongsil U. / Yonsei U. 

– Belle II Farm

• KNU
– CMS Tier-2

• KISTI GSDC 
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Yonsei

Soongsil

KISTI

KNU



Simulation
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Beyond the Standard Model
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Many particles 
Beyond Standard 

Model

Higgs particle 
(Standard Model)

⇒ BSM needs 1000 more Higgs events.

Adam Martin
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Simulation-based Optimization

Stefan Wild
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• Geant4 is the most successful model in HEP.
• HEP user community – BaBar(2001), LHC(2003), Belle II
• Prof. Kihyeon Cho is the contact person in Korea.



Profiling system

• Current status 

– High energy physics profiling 
(Fermilab) 

• SimpliCarlo (Sequential) 

• CMSExp (Multi-Thread)

– Low energy physics profiling 
(KISTI)

• Using Brachytherapy code
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Proton beam with 
U Target 
- 1000 GeV
- 100 GeV
- 10 GeV
- 1 GeV

Atomic mass(A)

Atomic number(Z)

 Application in astrophysics, nuclear imaging, …

Beam Simulations for RISP

30 30



Beyond Science
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Sciences with KISTI-5 Supercomputer
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Computational Chemistry Biophysics Condensed Matter Physics

Computational Fluid Dynamics Nano-electronics



KISTI 
Supercomputing 

Center Physics
- HEP Group (Kihyeon Cho)

Simulation/SW
-Geant4, AMGA, Grid CA(KISTI CA)

Evolving Computing Architecture 
- KISTI-5 supercomputer, 

-GSDC(ALICE T1, CMS T2, Belle2, LIGO Farm) 
- GLORIAD, KREONET
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Community
(Dark Matter Research Cluster)

Contact person (Kihyeon Cho) 

e-Science Community



Evolution of 
Universe

Origin of Matter Standard Model

SM

KISTI (Accelerator Data)

Component

Dark Matter

Big Data / Deep Learning

ICT 

KASI (Astronomical Data)

Dark Matter Research Cluster
(50 members, 22 institutes)
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• Home page

– Indico

– https://hep.kisti.re.kr/indico/cate
goryDisplay.py?categId=44

• Workshops

– Every month

– 41 times (2015.9 ~ )

• Dark Matter Research White 
Paper 

– SCOPUS Journal(KPS) Special 
Edition (2016.8)

⇒ Proposal to NST

– Dark matter research 

platform with deep learning

Activities
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https://hep.kisti.re.kr/indico/categoryDisplay.py?categId=44


Dark Matter Research Cluster got the best activity prize (2018.11).
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• Science goes beyond discovery.

• Computing needs solutions for the 
evolving architecture (e.g. KISTI-5).

⇒ To fulfill the gap between science and 
computing, we keep to focus on e-Science.
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Summary
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Thank you for your attentions.

(cho@kisti.re.kr)
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Back-up
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KISTI-5 supercomputer
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M.S. Joh
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Bruce R. Barrett

The world made of

The last frontier 
of universe

Evolving universe
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Evolving Universe w/ KISTI-5

1. Production of exotic nuclei and heavy 
elements

2. Nuclear Structure and reactions from 
first principle

3. Lattice Effective Theory
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