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Windows on Universe

Binary Neutron Star Merger (08/17/2017)

Images: LIGO.org/NASA/INTEGRAL/ESA




Fermi Counts > 1 GeV
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= The era of multi-messenger astrophysics



Dark Matter Search
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KISTI (GSDC)=Collider Data
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Prof. J.C. Park
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KASI = Astronomical Data
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The changing nature of scientific
research
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Scientific discovery drivers

1. e—Science

— Theory-Experiment-Simulation
— Science any time anywhere

— Sensors, Instruments, DB, Internet, Storage

3. Machine Learning

— Al, Statistics, Data Mining, Algorithms, Deep
Learning




1. e—Science

Technical Paper

J |
J. Astron. Space Sci. 33(1), 63-67 (2016) A SS A[;LI‘r’gr?mDny d
http://dx.doi.org/10.5140/JA55.2016.33.1.63 Space Sciences

e-Science Paradigm for Astroparticle Physics at KISTI

Kihyeon Cho"

Korea Institute of Science and Technology Information, Daejeon 34141, Korea

The Korea Institute of Science and Technology Information (KISTI) has been studying the e-Science paradigm. With
its suceessful application to particle phy
Standard Model of particle physics is still not considered perfect even though the Higgs boson has recently been discovered.
Astrophysical evidence shows that dark matter exists in the universe, hinting at new physics beyond the Standard Model.
Therefore, there are efforts to search for dark matter candidates using direct detection, indirect detection, and collider
detection. There are also efforts to build theoretical models for dark matter. Current astroparticle physics involves big
investments in theories and computing along with experiments. The complexity of such an area of research is explained
within the framework of the e-Science paradigm. The idea of the e-Science paradigm is to unify experiment, theory,
and computing. The purpose is to study astroparticle physics anytime and anywhere. In this paper, an example of the
application of the paradigm to astrophysics is presented.

ics, we consider the application of the paradigm to astroparticle physics. The

Keywords: e-Science, astroparticle physics, dark matter

1.INTRODUCTION have confirmed the Cabibbo-Kobayashi-Maskawa (CKM)
theory (Kobayashi & Maskawa 1973). However, the Standard

Current research can be analyzed by big data in the Model leaves many unanswered questions in particle physics
framework of the e-Science paradigm. The e-Science  such as the origin of generations and masses, and the mixing

paradigm unifies experiments, theories, and computing and abundance sjcal evidence
simulations that are related to big data (Lin & Yen 2009). Hey
explained that a few thousands of years ago, science was

described by experiments (Hey 2006). In the last few hundred

years, science was described by theories and in the last few
decades, science was described by computing simulations
(Hey 2006). Today, science is described by big data through
the unification of experiments, theories, and computing
simulations (Cho et al. 2011).

We introduce the e-Science paradigm in the search for
new physics beyond the Standard Model, as shown in Fig. 1.
It is not a mere set of experiments, theories, and computing,

but an efficient method of unifying researches. In this

paper, we show an application of the e-Science paradigm to
astroparticle physics.
Dark matter is one of three major principal constituents of

the universe. The precision measurements in flavor physics

@Tl\ls is an Open Access article distributed under the terms of the Received Feb 9, Revised Mar 016 Accep) la
Creative Commons Attribution Non-Commercial License (http:// tCorrespanding Author

creativecommons.arg/licenses/by-nc/3.0/) which permits unrestricted ) 5 o
non-commercial use, distribution, and reproduction in any medium, E-mail: chogkisti.re.kr, ORCID: 0000-0003-1705-7399
provided the original werk is properly cited. Tel: +82-42-869-0722, Fax: +82-42-860-0799

« Paradigm of e-Science in astroparticle physics represented as
n of experiment, theory, and computing.

Copyright © The Korean Space Science Society 63 httpz/janss.kr pISSN: 2093-5587 elSSN: 2093-1409
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Data p rOd u Ct I O n @ Accelerator Data

@ Astronomy Data

- \ Q'\ -“,._.‘ 3 (;\ 1'}.. {),
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= CERN ' SDSS g
& (CWIS,ALICE) .. ;>
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= Data Sharing

m Accelerator Data Astronomical Data Simulation Data I"

Input Collaboration only Collaboration only All researcher share
12

Output All researcher share All researcher share All researcher share




) Accelerator Data

Current Belle ~1 PB
10~20 PB/year
Current LHC(CMS) 100 PB/year(Simulation
included)
100 PB
2019~2024 Belle I (50 times of current)
2025~ LHC(CMS) LOUPE e

(5~10 times of current)

) Astronomy Data

Current SDSS 300TB

2019~ DESI (Starting) 1PB
2014~2020 SDSS4 500TB
2017~2022 DESI 5PB
2023~2030 LSST 500PB

The size of data

A summary view of Data Processing in HEP

high Level-1 trigger
This is NOT Ll -
The full rate ! B

hig dwi
>102 reduction 2 (Terabits~)
KTev X /
10°@)———

by Level-1 pre-

selection s o S eRas \\2::
1 N \
£ | LKLOE p ;:))II"'“ \
10

more of a ;
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in future @ er

event sk

\ \ ngh data archives
CDF, DO \ wmuu
/ 3 -~ \
i \
Going to be ZEUS \ ¥ ALICE

S. Cittoling

| .
= Planned surveys in the future

Dark Energy Experiments: 2013 - 2031




KASI

Data mangagement
DESI (1PB+5PB)
LSST (500PB+7)

SDSS4(500TB+7)

Data computing
2017: 300 cores, 300TB
2018: 500 cores, 600TB
2019: 1000 cores, 1PB
2020: 2000 cores, 5PB

Prof. Y. S. Song

The value of data over time

Big Data

@
A
w

KISTI

Terminal base

Connecting KASI
survey data about
10Gps speed. We
make mirroring all
library and resources
KASI's cores for test,
KISTI's cores for
running.

Web base

Providing the
community service for
those who need survey
data, scientifically and
public purpose

drive automated
low latency actions
in response to
events of interest

Fast Data

Data Manaaement System

Survey data management

From Big data
to Fast data

From theory-driven approach
to Data-driven approach

Theory-driven approach Data-driven approach
Y i soncaaogronsarge 4| |Your Amazon.co.uk
E fx7 8.+ Big inclaive ft (m, = 1265 GeV) Kindle eBooks

41 order polynomial

2y
‘z; i8=7Te vfm asm’ 3
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‘start with the system and ‘start with the data and
towards the data’ work ter

E. Dobson 14



3. Machine Learning |

MC Simulation

d
\

Theory Experiment

Dark Matter
Physics Model Data

Physics Simulation Compression
(MadGraph/MadDM) P
Event Simulation .
(PYTHIA) Reconstruction
Detector Simulation Analysis Tools
(Delph/PGS/Geant4) (PAW/ROOQOT)

W . 4

Deep Learning Input

Deep Learning

Training set: (x,Y;)
or (x;,X;)
i=1,...,m ‘

15



« Supercomputing meets machine learning.

80
60
40
20

HPCWire Keyword Search
Results

_—

2012 2013 2014 2015 2016

— Artificial Intelligence
== [Machine Learning

——=Deep Learning

Topics of TOP500 Articles in July 2016

Al
| 4

] i i i Heterogeneous Computing
B System Components R&D Funding
® HPC System Construction = ARM Processor

B Government

= Evolving computing architecture

16
Prof. J. Lee



Evolving Computing
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KISTI Supercomputing center

Theory Experiment
Dark Matter Deep Learning
Physics Model Data
n,
s . N N
S Physics Simulation Compression
% | (MadGraph/MadDM) P —
3
£ )
o EV’”(;?_‘[’:‘;A“)“”“ Reconstruction
= | E—
Detector Simulation Analysis Tools
(Delph/PGS/Geant4) (PAW/ROOT) Triningset x.4)
or {x,x)
woem [

Deep Learning Input

KISTI-5

SUNC48
300TFlops 200C
SUN C48
24TFlops 71¢
TeraCluster : 2,850GFlops . . :
IBM p690 : 665.6GFlops (2002 12005 NEC SX-6 : 160GFlops

NEC SX-5: 80GFlops (200! 5- 20
PC Cluster 128node :

435.2GFlops

| HP GS320 HPC160/320 :
B 111GFiops 201 ‘

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




KISTI-5 supercomputer

Compute node

Cray 3112-AA000T(2U enclosure), KNL 2| BF | &F =€ (8,3052H)

1x Intel Xeon Phi KNL 7250 processor
68 Cores per Processor

96GB (6x 16GB) DDR4-2400 RAM

1x Single-port 100Gbps OPA HFI card
1x On-board GigE (RJ45) port

Cray 3111-BA000T(2U enclosure), Skylake 7| B Al A &= = (13290) 0.4PF

2x Intel Xeon SKL 6148 (2.4 GHz) processors l :

|

20 Cores per processor (total 40 Cores)

192GB (12x 16GB) DDR4-2666 RAM—6CH
1x Single-port 100Gbps OPA HFI card

1x On-board GigE (RJ45) port

19




KISTI-5 supercomputer

20
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KISTI-5 supercomputer building




Architecture of
KISTI-5 supercomputer

Main System

Pilot

Testbed

|| - Intel Omni Path High-Speed Interconnect

Intel Omni Path Network

Inmmml Imum«mrl

FC Storage Network |

Tape Storage

/Scratch 20 PB

\/ /Home 0.5PB  /Apps 0.5PB
Burst Buffer 0.8 PB Tape Storage 10 PB

(SSD)

M.S. Joh
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& HEP sites in Korea

« Soongsil U. / Yonsei U.

— Belle IT Farm

« KNU
— CMS Tier-2
« KISTI GSDC

Yonsei

Heavy-lon Physics

WLCG Tier-1

Elementary Particle Physics
Tier-3 : (CPU) 1,000 cores / (DISK) 600 TB

WLCG Tier-2 (2017)

(CPU) 3,500 cores/ (DISK) 1,500 TB / (TAPE) 3,000 TB
Tier {IAF) : (CPU) 200 cores / (DISK) 300 TB (CPU) 1,000 cores/ (DISK) 800 TB
Astrophysics // }
LDG Tier-3 Medical Science
(CPU) 800 cores / (DISK) 600 TB Go (CPU) 360 cores / (DISK) 600 TB
N e c (e B} '
L.DG Tier-2 (TBD) —
Elementary Particle Physics Neutrino Physics
Ny ) I Aata o .
B2G Tier-2 RAW data storage
. (CPU) 300 cores / (DISK) 100 TB (CPU) 360 cores/ (DISK) 700 TB

Structural Biology (TEM)
(CPU) 300 cores / (DISK) 500 TB

24
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o (nb)

proton - (anti)proton cross sections

Beyond the Standard Model

0.1

10° : - Ty —3 10’
10 F o, : 10’ . .
10’ 3 Tevatron LHC: ‘ 10’ nggs part|C|e
' b v (Standard Model)
10° __ / _ 10° 7,
10 | T : — 10° g
10° F / 410 3
ok @ (E.* > EI20) 2 _ 107 =

E P E II.
10' F G - Jwo

[ o, L] 2
10° £ (E > 100 GeV) é {10 S
10" [ ' 410" @
ok z= f Viany particles

s . B o el =
10° & 0&// -;10"‘ 5 ‘w Beyond Standard
10" £ "Zu : 4 10*
10° ;.MN=125 GeV{O‘vm < _; 10°
10* - . : — 10*
10'7 bt PR e | " PR Y | : " ] 107

1
E (TeV)

Adam Martin

= BSM needs 1000 more Higgs events.
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Simulation-based Optimization

(Computationally Expensive) Simulation-Based Optimization
min {f(x) = F[S(x)] : ¢(S(x)) < 0, x € 2}
“parameter estimation”, “model calibration”, “design optimization”, . ..
¢ Evaluating S means running a simulation modeling some (smooth) process
> Derivatives V.S often unavailable or prohibitively expensive to obtain
© S (even when parallelized) takes secs/mins/days
Evaluation is a bottleneck for optimization
© €2 compact, known region (e.g., finite bound constraints)

bh S|ca|) S|mulat|ons arise everywhere

v —,," =2
\.,\ - f
b — N | &5
= - (0 e
- -~ he WS N A
=y = A s 5 -
i 3 X
N
T

Functlons of complex numerlcal
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Geant4 Collabor'a’rion
XBR €

Cotlaboratoes alvo [rows non
e Suoons, o iuding
v Ferm“ab " Budker lnst. of Physics
e MEPHT Moscon
J.W.Goethe ® enburg Unis
., -3 UNTVERSI TS DO AR ELONA Noctheastern Universaty
Uﬂl\ ersitat 0 Wollongong University

« 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.
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Profiling system

¢ Current StatUS 1I4H—)Z{Z@\4§=14Tev‘ FTFP_BERT

— High energy physics profiling : - .
(Fermilab) IR

* SimpliCarlo (Sequential) w+:;i.‘:*:::::,;::“:f;::;::}::':::B;T-

« CMSExp (Multi-Thread) T

10.0

v
P
\

|

T
J

of CPU Time/Ev
o
©
[
|

o
o
I
|

|

lodine

— Low energy physics profiling -
 Using Brachytherapy code 3




Beam Simulations for RISP

> Application in astrophysics, nuclear imaging,

Stable nuclei I
103 b
Nuclei known E

r-process
10 exist *

107

_—
Number of Protons

Ty

10 & ,.;

" neutron star
28 processes

jped

—_— 1
Number of Neutrons

:"..'"I"'I"'I'"I'"I"'I"'I"'I"'I"'I"'I"' Atomic number(Z)

b} 3 | Proton beam with
T: 7] U Target Thickness irfuflcaTr\,éZi //!!i
- 1000 GeV - . paricies”
Particle T
- 100 GeV N
Energy /." A
- 10 GeV ,,4"", Energy dissipation
-1 GeV
Interaction model

%0 20 60 80 100 1fg:14o ) 180"'200 220 240 30

Atomic mass(A



Beyond Science
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Sciences with KISTI-5 Supercomputer

. topological
indices

. molecular
fingerprints

gas-phase reactions
thermodynamic 2%
quantities

inexpensive predictions
via machine learning

Computational Chemistry

-
e z

Computational Fluid Dynamics

Phase Diagram of High Tc¢ Cuprates

T Smgle-holon bose condenyzon sompornture
1 (Susurmuny, Hascharwa ind Fulurvam, Ubbers and [2¢)

02 -01 00 01 02 )

32
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Nano-electronics



e-Science Community

Community
Dark Matter Research Cl ster
KISTI 4 "
Supercomputing Contact person (Kihyeon Cho)
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




Dark Matter Research Cluster

(50 members, 22 institutes)

Dark Matte

The Universe Today

70% Dark Energy

y ‘.‘ = : 26% Dark Matter

3 FT \4% Normal Matter

B Evolution of
KASI (Astronomical Data) Universe

= ajij jLé
Origin of Matter Standard Model

1

Big Data / Deep Learning
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Home page

— Indico

— https://hep.kisti.re.kr/indico/cate
goryDisplay.py?categld=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


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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KISTI-5 supercomputer
A

A7E AAt-E CPU-only '=E
NES=TE=F-T- Cray CS400 Cray CS500
5 k= C3=t- 8304 41 132
. \ A= 116 2
45 O|Eds 25297306 PALOPS 0405504 PALOPS
o Intel Intel
Xeon Phi 7250 (KNL) Xeon 6148 (Skylake)
o CPUOIEEs 30464 TRLOPS 1536 TRLOPS
CPU EE 717D CPUSHR0f% 68 20
TEgCcPUs 1 2
on-package 0| 22| 16 GB, 490 GB/s -
HCA oy Intel 100HFA016LS Intel 100HFAO16LS
o2z 2g 16 GB DDR4-2400 8 GB DDR4-2666
o2l 2 16GB x6, 6¢ch per CPU | 8GB x12, 6¢ch per CPU
ool gze|
P TC 22| 37|GB) % GB % GB
CPURLD 22| 2t CHE = 1152 GB/s 128 GB/s
A H2e 8% 77850 TB 1238 TB
2ZCA3 oggrcsag N/A N/A
EE2X FatTree
Blocking Ratio 50% Blocking

HEYI ALK

274x 48-port OPA edge switches
8x 768-port OPA core switches

ZEG YR 123 GB/sec
Bisectional Bandwidth 27,060 GB/sec
Me= DDN IME240A{H{ 40CH
Burst Buffer & FE2HNVRAM, SSD) NVMe SSD
(88) A 8 08PB usable

Mg i

AME{E 20 GB/sec, T A= 08TB/s

D{EIFOIT 2 MIAO)
OlEy ®Q(Xeon)

_—y A3rOIZH01 3 (SKkylake)
05 O D2AMME REALO st
g 4 =x=1
LKIM.IEE CPU LE o . Ll PF AEZ|X|
YOI HTE L1301 2 MIAIO)

290 PF

OIEy mMiQ mHoi(xeon Phi)

LroI288C4(Knights Landing)
o ;MHE RERLOF AT LE

Scratch MDS DDN SFA7700X 1CH, MDS 2CH
Home/Apps MDS DDN SFA7700X 1CH, MDS 4CH
Scratch 0SS DDN ES14KX 9CH(Zt360 x 8TBE A
Home/Apps 0SS DDN ES14KX 1CH(ZH400 x 4TB B4
HHgY 20PB usable, RAID6 (8D+2P)
HHCh= 03T8/s 42




A EBIFI
' (10PB)

0

TS 450
Tape Library

8x CS500
7x CS500

(21PB)

8%, 12b Ell
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M.S. Joh




The world made of

70% Dark Energy

The Universe Today 1

\

4% Normal Matter

Leptons

e Shell
Ab initio
few-body

Towards a unified
Model description of the nucleus

calculations No-Core Shell Maodel \_/

GFMC formalism  Coupled Cluster approach IM-SRG

‘ Bruce R. Barrett
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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

Nuclear reactions at low energies
(< 10 MeV/n)

mmmmm
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