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* KISTI has the only national supercomputing center in Korea.
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HEP Group @ KISTI

e Who are we?

Prof. Kihyeon Cho Charm/B @ CLEO

Dr. Inseong Yeo

Dr. Myeong Hwan
Mun

— Looking for M.S. and Ph.D students
— Intern for undergraduate student

(‘96, U. of Colorado)

RENO
(17, JNU)

Nuclear Theory
(15, KNU)

Charm @ FOCUS
(‘96-06, U. of Tennessee & KNU),
B @ CDF (01- , KNU & KISTI)

Belle(‘17- , KISTI)

KAERI(‘15-18), UNIST(‘18)



Vision @ HEP Group

Technical Paper

Journal of \"
J. Astron. Space Sci. 33(1), 63-67 (2016) A S S /\snunomyund
http://dx.doi.org/10.5140/JASS.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
ics. The

its successful application to particle physics, we consider the application of the paradigm to astroparticle 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 collid
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.

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 gunemuum and masses, and the mixing

paradigm unifies experiments, theories, and computing and abundance ical 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

the unification of experiments, theories, and computing

)06). Today, science is described by big data through

simulations (Cho et al. 2011).

We introduce the e-S

ence 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 md‘qm of e-Science in astroparticle physics represented as

the universe. The precision measurements in flavor physics of theory, and
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Dar/k_Matter Research Cluster

Dark Matter

The Universe Today
70% Dark Energy

26% Dark Matter

\ 4% Normal Matter

Evolution of Univer
Component
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Origin of Matter Standard Model
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From KISTI-1 to KISTI-4 superc

\/1988'.-3 128 6% 54 MH[X

NEC SX-5 NEC SX-6
2002 ~ 2008

Sun cluster
~2014?

2GF 16GF (786GF) 5.2TF

Cray C90
~ 2001

IBM p595
~20147

IBM p690 IBM p690+
~ 2009 ~ 2009

M.S. Joh



KISTI-5 supercomputer
(5! supercomputer)

M.S. Joh



KISTI-5 supercomputer building

M.S. Joh



KISTI-5 supercomputer

Compute node

( S TATI=E oy 3 112-AA000T(2U enclosure), KNL 718F 3 AF & = (8.305H) 25.3PF

e ey

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| 8 2| A &= © (13201) 0.4PF

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




KISTI-5 supercomputer

Main System

Pllot
Testbed

Il [. Intel Omni Path High-Speed Interconnect

Intel Omni Path Network

Tape Storage

/Scratch 20 PB

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

M.S. Joh



TS 4500
Tape Library

7x CS500

8%, 12b=4

A E2IRI
' (10PB)

(21PB)

M.S. Joh



KISTI-5 Opening Ceremony

s Anr

KISTI £IHA#E 52| JiSA &

E21 302 JIEA

Vel
H]
2018. 11. 7.(z=) 10:30~18:00 -
SHRTlEh |2 ME T [HF(2H)
=H 35 Azt A=/ EA}

Welcome Speech

International WorkShOp 0-1400 ho? Dr. Hee-yoon Choi (President of KISTI)
Date: 2018. 11.7 13:50-17:30 Keynote Speech Session
Place: K|ST|, Daejeon The Direction and Policies of Exascale Computing, Al, Big Data in the US
1400 ~ 14:30 (307) Prof. Daniel Reed (Chairs of Department of Energy’s Advanced Computing Advisory Committee,

SVP of University of Utah)

The ABCI Project and its Al Usage in Japan
Dr. Satoshi Sekiguchi [Vice Director of AIST)

15:00 ~ 15:30 (307 Coffee Break
The World Top KNL Supercomputers Session

14:30 ~ 15:00 (30)

The successful experiences in OakForest-PACS system in Japan

19:30-15:30 (20 speaker : Prof. Taisuke Boku (University of Tsukubal)

The successful experiences in Cori System in USA

15:50 - 16:10 (20 speaker : Dr. Richard Gerber (HPC Department Head, NERSC)

The successful experiences in Stampede-2 system in USA

16:10-16:30 (201 speaker : Dr. Todd Evans (TACC)

A VSN [Py H H
16:30 - 16:50 (20 The usage of KISTI-5 system in Korea TOU dIT© WCICUI ne to JOI n .
) ) speaker : Dr. Min Sun Yeom(KISTI)
Discussion 18

16:50 - 17:30 (401 Dr. Soonwook Hwang (General Director of KISTI)
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Higgs Discovery (July 4, 2012)

Run/Event: 194108 / 564224000 Yo

Top quark loop

Higgs Boson
Gluon Fusion Top Quark/W Boson loop

Y

The SM is now complete?
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o (nb)

Beyond the Standard Model

proton - (anti)proton cross sections

10° ¢ - —— 1

10° — - ' - 10°

w0 | Tevatron  LHC. 41 Higgs particle

10 b , : {1 (Standard Model)
10° - / 7

‘v
o o
10* £
E : (&)
10’ £ ; : 3
b o (> En0) =
L ‘ - : I
10' F oy < | &
F % : Re
10" E5 (E*> 100 GeV) : : : 3
10" L / : »
C a - ~
1072 L ,‘ 7 _,Q
3 - : joss
w0 | o g = 2 ‘!"""‘" Beyond Standard M
sl e e ||
Sl 3 o~ :
10* [ M=125 Gev{cm : ;
10° :_ Sver ;
10~7- = el A PP : s
0.1 1

Adam Martin

= BSM needs 1000 more Higgs events. .
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HEP Simulation

NV VVVVVVVVVVVVVVVSFVSFVYFVYVYY X

RIGHARD FEYNMAN

PHYSICIST

L il New Physics Model J

“ M >“< [} —> Feynman rules calculation

=l

" W VVwVwVVwVVYVVVVYVVYVYW

i2icke 2y [} = Model implementation
> < ' The MadGraph‘ homc;,page \/
“Gene.rate processes onlme using MadGraphS U => Process creation
CI\{IS'PreIiminary ' ' ——— l
- ' : Data Dec 05 2012
T NS e \ QZHZ U = Event generation (physics)
3 } U = Detector simulation
) \ } H MadAnalysis/ROOT/Mathematica |
ik ) W
80 100 200 300 400 600 800 We focus on MadGraph & Geant4 Lz

my, [GeV]



Geant4 Collaboration
@] ©esa wilc SLAS

INFN
TRIUMF -
(i

N— ’{ (,K l.;.....,.!

Ouanveckuit
y L3 A i Cotlaborators also from non
N e .."‘ ] ®

wit e y

bt TS xiuding
Budker nst. of Physics

- F 3
- St MEPHI Moscow
J.W.Goethe ® tsburg Universaty
. . UNIVERSIIAT DE BARCRLONA Noetheastern Unsversaty
Un“ crsitat I ] P \ R q m Wollongong Unsversaty

« Geant4 is the most successful model in HEP.
 HEP user community — BaBar(2001), LHC(2003), Belle Il
* Prof. Kihyeon Cho is the contact person in Korea.
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HEP Simulation

* Why profiling?
— Diversity of physics applications
— Evolving Computing
= S/W development
=> Profiling tools

=To draw community interests for collateral
effort



Profiling system

¢ CU rrent StatUS ” H—>ZTZ@\§=T14TevT FTFI?_BERT

T
13 AMD Opteron 6128 HE @2.00 GHz |
’ GCC4.9.2/Linux x86_64

— High energy physics profiling ¢ - |
(Fermilab) o
- SimpliCarlo (Sequential) - —

———E——Simple Calorimeter (Cu-Scintilator) and B=4T
1 1

« CMSExp (Multi-Thread) T

V10.0

of CPU Time/Ewv
o
©

Ra

— Low energy physics profiling i~ &
KISTH e
« Using Brachytherapy code

/evt)

CPU Time

[TTT I [rrr]




1. Profiling for low energy physics

« Profiling system using brachytheray simulation (Low energy physics)
« - cf. Brachytherapy(MeV) vs. SimplifiedCarlo(TeV)

0f
xxxxxxxxxxx

« Results (Brachytherapy v.10.02 & Geant4 v.10.04)
1) CPU S
2) Memory size Ll | Commmscmmacios
3) Version dependency
4)

5)

Event number dependency
KISTI-4 machine dependency
26



1) CPU time

CPU Time in seconds/event

Geant4.10.04 Brachy 01

Sample Physics List Energy Process
QGSP_BIC_EMY 35 KeV 0.0029
Iodine
QGSP_BIC_EMZ 35 KeV 0.0029

QGSP_BIC_EMY 356 KeV 0.0102

Iridium

QGSP_BIC_EMZ 356 KeV 0.0101

QGSP_BIC_EMY

Count

event number

L
g4.10.04

T T T T T
0.00015 0.00020 0.00025 10,0000 0.00085
event processing time (s)

)
g4.10.04

T T T
6 7 8

total trial time (s)




2) Memory size

Total Memory in Counts/10,000

Geant4.10.04 Brachy 01

L. Process
Sample Physics List Energy - -
_ QGSP_BIC_EMY 35 KeV 143.372 205.959
fodine QGSP_BIC_EMZ 35 KeV 143.372 205.968
N QGSP_BIC_EMY 356 KeV 174434 233229
QGSP_BIC_EMZ 356 KeV 174434 233229

QGSP_BIC_EMY

Count

End Run RSS (MB)

g4.10.04
IbGiprocesses.so . iom
Ibm.50.6 ] E o | ®o
lbc.s0.6 Go-oe- { . - 1o o
IbGigeometry 50 { LY ° © o
lbstde++.50.6
T T T T
50 100 150 20
lib count
L L L I
g4.10.04
20 -
& 4 -
40
20
0 P=u=
T T T T T T
1320 1322 1324 1326 132.8 1330

28



3) Version dependency
| Content | Profiling |

Geant4 Version 10.02 10.03 10.03p02  10.03p03 10.04

Brachy version 10.02

 Trial time: 528

* Macro file
— lodiumSourceMacro.mac (endocavitary brachytherapy)
— IridiumSourceMacro.mac (interstitial brachytherapy)
— LeipzigSourceMacro.mac (superficial brachytherapy)
* Physics list
— QGSP_BIC LIV
— QGSP_BIC _EMZ
— QGSP_BIC_EMY

29



QGSP BIC EMY

Higgs -> ZZ Physics List = FTTP_BERT , Magnetic Field = 4 Tesla

Beam Energy = 1400 GeV

= 600
(]
2,
€
2 500
CS
()]
E
'_
S 400
o
O
&
® 300
=
200

H—ZZ @ Vs=14TeV FTFP_BERT
T T T T T
AMD Opteron 6128 HE @2.00 GHz
° GCC4.9.2/Linux x86_64
[ J
°
°
o o i
O
. ]

—@&—— CMS Geometry and Magnetic Field Map

———&—— Simple Calorimeter (Cu-Scintilator) and B=4T
| | 1

1

9.5

9.6

10.0

101 10.2 10.3
Geant4 Version

o
o
IS

o
o
=
N

0.01

CPU Time (sec/evt

0.006

0.004

0.002

CPU Time in sec/evt

-4 - lodine
«ooofgo- Iridium
—&— Leipzig

.
N L
.

A“""

.
.‘.'lll...k“‘q.‘.ll.lll'..

III|III|III|I1I|III|IlI|III

10.02 10.03 10.03.p02

10.04

Geant4 Version



Total Memory of First Event

lodine
QGSP BIC EMY

Total Memory in Counts Total Memory in Counts

200 —
= lodi e . T -
180:_ T 0 l.ne > 1000— -4k~ lodine
- «eepees Iridium EE - -eoodgeen Iridium
160~ —@— Leipzig 2 B —e— Leipzig
= — 800
140 —
- 5 L
120 P B
= 8 600|—
100 o) -
- s B
80— = |
- < 400
ul )
60F 2 -
40— -
= 200—
20 — _
10.02 10.03 10.03.p02 10.03.p03 10.04 L

10.02 10.03 10.03.p02  10.03.p03 10.04

Geant4 Version _
Geant4 Version



.0032

0.003

(sec/evy)

e

EO.0028

Ti

=0.0026

0.0024

0.0022

0.002

0.0018

Event number de

CPU Time in sec/evt

4)

pendency

—e— QGSP_BIC_LIV
-k QGSP_BIC_EMZ
QGSP_BIC_EMY

"‘
o

IllllllllllllIIIIIIIIIIIIIIII

"ﬁ I 1 1 | I | 1 1 I 11 | I 1 11 I 11 | I 1 11 I 1 | 1 I

QGSP BIC EMY
Chi2

NDf

pO

p1

QGSP BIC EMZ
Chi2

NDf

p0

p1

QGSP BIC LIV

Chi2
NDf

2000 4000 6000 8000 10000 12000

14000
Events number

p0
p1

16000

There is linearity on event number.

lodine

3.42857e-09
4
0.00156 +/- 2.72554e-05
1.01714e-07 +/- 2.79942e-09
3.42857e-09
4
0.00156 +/- 2.72554e-05
1.01714e-07 +/- 2.79942e-09
5.33333e-09
4
0.00159333 +/- 3.39935e-05
9.6e-08 +/- 3.49149e-09



o
o
=}
o

e
o
=}
s

Illllllllll

CPU Time (sec/evt

0.002

0.001

5) KISTI-4 machine dependency

CPU Time in sec/evt

QGSP_BIC_LIV
& QGSP_BIC_EMZ
—e— QGSP_BIC_EMY

Illllllllll[

| | | | | | |

I

|

1 2 3 4 5 6 7
tachvon2 machine number

« There no machine dependency on KISTI-4 supercomputer.

8

9

10

QGSP BIC EMY
Chi2 = 1.88079¢-36
NDf = 9

p0 = 0.0026 +/-
QGSP BIC EMZ

Chi2 = 1.88079¢-36
NDf = 9

p0 = 0.0026 +-
QGSP BIC LIV

Chi2 = 1.88079¢-36
NDf = 9

p0 = 0.0026 +/-

» To check KISTI-5 supercomputer machine dependency

lodine

1.4456e-19

1.4456e-19

1.4456e-19



2. Beam Simulations (1/2)

»Reliability of Geant4 models in producing spallation fragmentation species
Cesium Isoto PEeS M Bernas et al. / Nuclear Physics A 725 (2003) 213-253

S — Secondary
e« Experiment .
10(._. FrFP_BERT N 3 / Particles
- — FTFP_INCLXX :""i... 3
e e ]
Q0 - e 1 L | ]
£ - D I T z
S 1= ' .l"— E L. -
- . : | =
- i L 1 GeV U
B _‘| . | ]
10 i ok | Liquid
: o : E Hydrogen
C N 1
' L11115' = '1é0' ' 1&5' = '1é0' = '1:|35' = JMEOJ = J1¢%§ = I1EE0 Bmm

Number of mass
Franciu m Isoto pes J. Taieb et al. / Nuclear Physics A 724 (2003) 413-430

« Experiment
10--- FTFP_BERT =
— FTFP_INCLXX — .
I N FTFP_BERT
A et i
Lo 1.~
—_ L _I vewes _ FTFP_BERT_HP FTFP_INCLXX
E ' o« e | | 1 E
-g i : T QGSP_BERT FTFP_INCLXX_HP
- : 4 AT QGSP_BERT_HP QGSP_INCLXX
) | o il
o' - | P I4-tal 1 1] —
o "k oy HEIE QGSP_BIC QGSP_INCLXX_HP
AL A R LA P S I A T A I QGSP_BIC_HP
200 205 210 215 220 225 230

Number of mass => Selected FTFP_INCLXX



Beam Simulations (2/2)

> Application in astrophysics, nuclear imaging,

HTTTrTrrTrrryrrTT rrrryrrrryrrrryrrrryrrrryrrTrTreTT
g T T T T T T T T T g

- -

Stable nuclei

Nuclei known
10 exist

—_—
Number of Protons

" neutron star
28 processes

D ———
Number of Neutrons

8 L B L LB L L LN LB LB LB
lu

10°

11 lllllll

102:

I |||||l|

10

20 40 60 80 100 140 160 180 200 220 240

Atomic mass(A)

103 L
102

o o~
10, e

10 20 30 40 50

Atomic number(Z)

Proton beam with
U Target

- 1000 GeV

- 100 GeV

-10 GeV

-1 GeV

1 IIIllllI 1 IllIlllI

ymmpe

60 70 80 920

Thickness and Type i
of target

Secondary
e particles

Particle
Energy / ™ )
/ Energy dissipation
/

Interaction model
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Physics

1. Production of exotic nuclei and heavy
elements

2. Nuclear Structure and reactions from first
principles

37



1. Production of exotic nuclel

and heavy elements

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

Projectile

M.H. Mun




Production cross section

Oz N=0cap YznN

l’

S
Q
Capture cross-section DE:C 25 E..
= 20t
mh? 2 sl EZ.N)
Teap — chap(hjcap T 1) 10l v
HLem ol \

Jeap : the value of angular momentum 0 [
Jeap = 901 E, . 18 20 % larger than the Coulomb barrier energy
Jeap = 30 ~ 40 : E, . is similar the Coulomb barrier energy

Formation-decay probability
_ Br(Zi.N) — By(Z:. ;\3)]

Yz.n = 0.5exp

) (MaV)
e
=

ol
-
—

. o, _ , £ r AN
Br(Z,N)=U(Ry(Z,N),Z,N,J)—U(Rn(Z,N.), Z,N,, J) é | W' P |)
= |
By = min(BP™ BY) 6= \/E(Z.N)ja. a= Aw/12 MeV~! 3 'y

0 ‘5101'3?0?5'50?5404‘3

Yu.E. Penionzhkevich et al., Phys. Lett. B621 119 (2005). Charge number
M.H. Mun et al., Phys. Rev. €89, 034622 (2014).

‘ M.H. Mun



Multi-nucleon transfer reactions ]
(Quasi-fission reactions) 126

210,212,214,216H9
196,198,200,202,204()g

186,188,190,192 194 {f 82 \

176,178,180,182,184F

236,238,240,242Th

166,168,170,172,174 (54
214,216,218,220ph

136,138,140,142 T
202,204,206,208,210p+

50 — 192,194,196 198 200\\/
N 52,5456 58,60 q -
. T o 182,184,186,188,190y},
o= u ™
S 28 -
e 82 170,172,174,176 178y
= 20 = i Y
- 82,8486 71, 148,150,152 o
Jg’J 50
8 — 28
_J'_r_J-
2 20 _
2 8 neutrons

M.H. Mun



2. Nuclear Structure and reactions f
rom first principles

« Ab initio: nuclei from first principles using fundamental
Interactions without uncontrolled approximations.

 No core: all nucleons are active, no inert core.
 Shell model: harmonic oscillator basis
 Point nucleons

Y. Kim



@ A-nucleon Schrodinger equation

HU(ry,---,74) =EVU(ry,--- ,r4)

o Hamiltonian with NN (+NNN) interactions

o 1 (pi —p;)
H=23 5 24D Vit D Vit
1<j 1<j i<j<k

o Wave functions are expanded in basis states
U(ry oo ra) =Y aidi(ry.- .ra)

basis states ®; : Slater determinants of single particle states

Total core 1,500,000 node time
time - node/job: 4,000 node

- Core timel/job: 1 hours
- Number of Total job: more than 20 /nuclide

Requested resources
@KISTI-5 supercomputer Memory

Hard disk 10 GB

Y. Kim



« Computing needs solutions for the
evolving architecture (KISTI-5).

* To fulfill the gap between physics and
computing, we also need to focus
on simulation R&D.

= Physics goes beyond discovery.
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Thank you.

cho@Kkisti.re.kr
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KISTI GSDC

Expanding to other Scientific Domains

KISTI-GSDC

Experience on WLCG Tier-1 operation and service has given
many benefits to expand its service availability to
other scientific domains in Korea

s (@) e
LG Tier-] — 2l WLCG Tier-2 (2017

N dat; SLOTag

and it is still expanding to many other research areas.

Service for additional domestic experiments is under preparation.

troduction to GSDC - data cemter for data ntensve research
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Network

GLORIAD (GLObal RIng network for Advanced Application Development)
: KREONet2, International Network of KREONET

NORDURéL “ NorthernLight

SINET
5"*"9“9“‘ g //\1 AN JP

REANNZ




KISTI Supercomputing

KiSTT
Theory Experiment .Deep Leaming

\ « 5% Supercomputer (KISTI-5)

Dark Matter
Physics Model bata

| . — Processing: 25.7PF
- ‘ « Heterogonous: 25.3PF CS400 w/KNL
\/ s gracen ™ e ‘ n « CPU: 0.4PF CS500 w/SKL
\ jDeepLearningInpuiDuiuj I " - Storage
« 20PB SPS
* 10PB Archive
— Schedule
20\7:9 « Installing now
« Service (2Q, 2018)
WeTFpegus o) T o 2010
2TFope 205 )

TeraCluster : 2,.850GFlops .

IBM p690 : 665.6GFlops (2002, 1-2008. ¢ NEC SX-6 : 160GFlops
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Cyber HEP ¢
CDF Remote Control Room

CDF Remote Control Room
Total used hours (2011.10.1)

CDF Remote Control Room
(2011.10.1)

30

25

20

15

10

; ’j
’]

We take shifts at KISTI even if we are not at Fermllab
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KISTI-5 supercomputer

e
ds

-T-EI'E Fe25.7PFlops

25.7 HEFESEA AAH

b A5 2577 ¢ olat
N U R I O N > X7 017 7021 Ho| 4204 AAE U2

142t Xj2]
» QI2t0| |7} 1X% AHMSH= 521 1 2.88 X 1077
(vs. 22i557| 0.257 X 107)

= 5 20|

- 570,020core

= SRLLREL
C} f.iﬂll Fal= 5_01 ; \gi

A FE

¥ 570:0207} 0]
» PC% 1,657l

b’

i) 4 HiotES| ¥

I:-||0|E-| XA

.

» 32.1 HEHHIOIE cf|0|E] X
> F2H1H 568 Z HD) 6402H xF

o el
m 133_tonj\___

> HH| £ 132.78E
» PC13,278cH 227,
23a|E81 £21 4 3t

L 3
18,593 #/min ~~}
/ » S5} 8 593 2Ejo] E(5E & '




KISTI-5 sup
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Beyond Standard Model

PS5 Report (May 22, 2015)

After P5 Report =

Before P5 Report

Energy
Frontier

Intensity
Frontier

Cosmic
Frontier

Dark The
Energy § Unknown

W




Simulation

HEP Simulation

Physics Model

v Geant4 Collaboration

Physics Simulation
Cesa

(Ex. MadGraph)

<
Event Simulation @
(EX. PHYTHIA) TRIUMF
Y g
® H A I'

Detector Simulation ™= —

(Ex. Geant4)
G e .‘- X Lk 5 B 4 MEI Mioncow .
J.W.Goethe ¢ e oty
Analysis Tool R P e\ R q DT Veins Vi
(Ex. ROQT)
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o (nb)

Beyond Standard Model

Beyond the Standard Model

proton - (anti)proto

cross sections

J
10° ¢ o

ot

Tevatron

10° F

10' E

10"
10° |
10° |
10* |

[ M, =125 GeV {

10° |

b
L WUS2012

LHC:

WD

2 -1

10

S

events / sec for £= 10" cm

| = production rate: to be calculated §

§ 4 This is where any new phenomenon would hide
'  Supersymmetry

< Extra-dimensions

< Grand-Unified Theories

% etc.

| 4 Cross sections = production rate
% | possible new physics event (if any)
< 1.000 Higgs events |
< 1.000.000.000.000 Standard Model events
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_ MC Simulation

' 4

Deep Learning

KiSTY
Theory Experiment Deep Learning
Dark Matter n;
Physics Model Data
Physics Simulation <1
(MadGraph/MadDM) Combpression n,
Event Simulation .
(PHYTHIA) Reconstruction
st
Detector Simulation Analysis Tools Ng
(Delph/PGS/Geantd) (PAW/ROOT)
Y 4 4
4 4 Training set: (x,y;) or
(Xilyi): |=] 'y m

Deep Learning Input Data



Thank you.

cho@Kkisti.re.kr
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