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LHC k-
Circumference: 27 km P
# experiments: 4 (ATLAS, ALICE, CMS, LHCb)

Depth: 50 ~ 170 m (average 100 m)
= Total cost: ~10000x102 JPY (140x102 from Japan)
T o ~ Construction period: 15y

Founded: 1954

Member states: 20 (not Japan)
*  Annual budget: ~1000x1082 JPY
# staff: ~2500

# users: ~10000
(famous as WWW invented place)
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Why is Nagasaki related to LHC? (8

» Why not
» There are historical and other reasons

» Then we may find also our future directions



Nagasaki with Physics?

» Universities in Nagasaki prefecture (in arbitrary order)

>

Nagasaki University (FIEK)

» Kwassui Women's University ((E/KEZFK)

vV v v VvV Y

>

Nagasaki Wesleyan University (RIFD T A L172K)
Nagasaki University of Foreign Studies (RIFYHEZEX)
University of Nagasaki (RIFEREIZK) |

Nagasaki International University (FIEEFERK)

Nagasaki Junshin Catholic University (FIEHLK)

Nagasaki Institute of Applied Science (NIAS, RIFFEEFIFK)

» |In how many of these institutes one can study fundamental
physicse (w/o including material/bio sciences)

» only 1 at NIAS

» doesn’t mean others should but they all have their nice
specialties

» NIAS still not as “faculty of science (¥E=&[)"



(O national (E1Z) /5 % prefectures
(O national but sci.+eng.(f2T) - with science
(O no national but private = faculty and physics

study

Mostly In national

SRIVEINIES

Quite rare in
private schools

There is none in
Nagasaki, and
unpopular in
Kyusyu region




Physicists in Nagasaki?

>

> YES there was (and are) \
» Hantaro Nagaoka (FE=KER)

» 1865 - 1950
» born in Omura (AAT4EZFEN)

» 1904 saturnian model of ’rhé atom.

» no quanfum theory yet’ |
» partially confirmed by Ru’rherford (1 91 ])
» Nagaoka coefficient (electronics) |
» 279 world war, GHQ destroyed all accelerators, etc
» In other scientific fields? | ‘
» Osamu Shimomura gradudfed Nagasaki University
» Nobel prize in chemistry in 2008
» But for physics, not appeared in history for ~100 years



» Pioneering work started by Y. Tondko in 1997
» Collaboration with Tokyo University
» H. Hamagaki, K. Oyama (as @ s’ruden’r) et GI:_

» probably the first fundamental phy5|cs s’rudy
in Nagasaki (AFAIK]), that was -

» PHENIX experiment at Brookhayen, New York
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» This is high a energy nuclear physics ... LRI+ —EFREER
A ":,'\‘ > R /’ l./ 7 5 ?
» People here today Weri_eployjng major rolesW}n/,mcuor experiments

f 7

» AGS,BNL:
J. Stachel =
P. Braun-Munzinger
H. Hamagaki

» SPS CERN:
J. Stachel,
P. Braun-Munzinger ~

» RHIC, BNL:
H. Homagaki
Y. Tanaka joined later
M. Shimomura (as a student), K. Oyama (as a student) joined later



Why NIAS joined?

» What is the backgrounde

» In fundamental physics study, especmlly for ’rop particle and
nuclear physics

» going higher energy
» higher sizes, complexity, and speed
» requires much more advanced electronics englneenng

> collaboration consists only with physicists can’t handle anymore

end-920th is about the fime many people realized that

synergy is important



i D S—— ;
» Very good example of
directly applying modern
technology (ASIC, FPGA,
source common clocking,
etc) to physics,

contrary from “traditional
physicists methods”

» This was really powerful and did work after 3 years development
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Physics in NIAS now
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Higgs search
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The “"GOD" particle giving mass to the matter, prediction in 1964
Hint observed July, 2012
Discovery Mar. 14, 2013, after 48 years of quests!!

by over thousands of
physicists, engineers, and many people from many fields

Englert and Higgs awarded the Nobel Prize, 2013
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"Research" is to explore the truth in
the universe and in human beings.
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NIAS doing two LHC Exp.

(O ATLAS » NIAS is only the

O ALICE private university
J joining 2 big LHC
experiment!




Japan in big science

Many Japanese ’rechnology used in many accelerators and
experiments in the world

» qaccelerator

» material engineering

. = LHC sﬁperconducting mégnets (BB A)
» electronics , by TOSHIBA, Furukawa(&5AE4) and many

[photos from ATLAS-Japan group]
» detector

» micro-pattern engineering

Hamamatsu Photonics
CEMR D A b ZOX)
for Super-Kamiokande

» eclectronics, LS|

» computer 0 Ayl

detecting single photon

» high performance

com puhng Nobel prize of Koshiba

[photos from Tokyo Univ.

> blg_dG_I_G GhGlYSIS http://www-sk.icrr.u-tokyo.ac.jp/] »‘
technology



http://www-sk.icrr.u-tokyo.ac.jp/

ALICE how |’r Iooks Ilke

detctors
readout fibers

power_lines vacuum beam pipe (LHC)

Magnet door




» Started and lead by J. S’rachel ond P Braun- -Munzinger
» | moved to Heidelberg Univ. Physics Ins’rl’ru‘re (YIHEZHE) to join (2003)
» Perfect synergy of variety of fechnologies =

» material, mechomcs elec’rromcs

» institute for electronlcs/IT SCIence FOR PHYSICS

» in-house fechnicians and englneers excluswely work for a
prOJec’r — neverseen in Japan

Kirchhoff-Institut for Physik
hitp://www kip.uni-heidelberg.de




>10 years work for completion
» Many Japanese people including sfudents joined

K-

yy odule completion
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By BXx OS7 BY A5U7 BAEA
i Everyone from professors to
students join operations

with 24h/7d shifts

» Everyone hasright to use the
datal -2 very efficient paper
production

= 20 ~ 40 papers every year



What NIAS should aim

So far

» NIAS is a rare private university where unique physics is on going

» quite nice and tight relationships with Europeon people builtin last
>10 years

Next? :
» we have good basis of engineering and tfechnology
» why not develop this further with top physic projects?

» and even applying for “non phy3|cs fields" (we are "applied
science’” university)



TPC Ugrade project

A W TS AR, T |
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ALICE Time Projection Chamber (TPC)
“wn " started by P. Braun-Munzinger and J. Stachel

....
\\
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The data taklng technology of this "TPC is the next key issue



NIAS now joined TPC Upgrade

» NIAS joined ALICE in 20156+
2015: K. Oyama (from Heidelberg Umversn’ry)

2017: H. Hamagaki {from Tokyo University)
2 graduate students '
» It was near impossible if we were complete new comer

» with help of GSI, Heidelberg, Frcmkfuri and Europeqn institute’
backup

» Target: developing new high performance dC].T"C] acquisition
system using FPGA |

» 1000x108 JPY PC cluster '/
system to be replaced by//
FPGA/GPU High-Performance
computing system




2y opticalfibers

detector

underground

2 NIAS is working for this part

/s analyze online -
using CPUs and GPUs
— - .

Datausedintheworld ™% — ——+
50 PB/y!

by grid computing system
(10000 uses can use it)

other experiments

» The technology to be developed here will also be effective
to public society problem of developing loT and M2M



HPC as trend in the world

» Real-time processing of TB/s class data is an common issue in the
world, not only for top physics

» High Performance Computing (HPC): is the key

Applications are

outpacing Moore’s Law \

Data amount develops
faster-than
“The Technology Gap” CPU power develop

- HD video and image manipulation
X86 performance - Complex, multiphase models
\ - Realtime data demands

New algorithms
= the real big data
N\ bt (EDEYIFT—5)

Performance

computing

Source: AMD



(in English)

~ CERN, and NIAS
" » ‘every week video meeting

¥,
"-.‘>

» somefimes meet at CERN
» aim for completion ~2020
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Summary

» Nowadays, it is a “common understanding in the world” that
fundamental science and high level engineering can not be
separated

» The fundamental science study is on going in NIAS

» In our long history, we established super-good relationships, with
European people and institutes —

» makes us unigue

» must continue

» new work has started (ALICE TPC upgrade) |
» Additionally '

» this synergy has non-negligible side-effects with tfechnology
feedback (big-data technology, 10T, M2M)

» even may energize economy
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Future projects?

ERU=73545—(ILC) (BiAX)
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» 30 km length linear electron- p05|tron
collider

» May be realized in Japan?

» NIAS joins ILC too (although'no real study started yet for DAQ yet)



F—A D ELL: FPGA

» FPGA = Field Progrommoble Gate Array
> 15 CloliN 22 58 0] fe/d st (o] S Ac S

> CPU(EBOPC): OIS At Sa EREST

for( i=0; i<100; i++) { Sum += Datali]*Datafj¥
DEO—E—EELCN 7/

» FPGA:/\— R T 7 CEEBIE (SERE K (2
Data[0] n——)

Data[1]  me—
DAtal99] —

| BIRE(CH5R %




FPCGAZEDS & ?

;nitmﬂ‘®:/51—9

RIS &S W R

- EFICIIREEVOEDDT — />"
UAMLIE T E7R0) |

!

. TARTOF—HFE D =N ~
. 2THWB(CF0FEORMEPCHE mump 1 TFEM

HEfE

TR




FPCGAZEDS & ?

FPGAZ{EO B> E1—5

ﬂiﬁ'«’\? v I\'j /J_Cﬁﬁﬂl

il ruy<@@m%

1‘ H:'IE‘E x48 : PUY RSZAFT L)
7= /’Q%HH%LEE > HFRDI000A L EDAH
> EBEXF8 FhAIPC . ERSCHRAR

RIGTHEETH

. BED)CUOS DT AID LB THEBSN 3T — 9=
« TNAEZF P GAII>E 12—~ H ks TEHaE
. 1EE(C)SITST 4 205 FARSADST — 5% R (CHYE

A—=/)\—3>E1—7 + ttFRREDBNES X5 A




FPGADHPCDO ML > RZEZRD

. #B131T CPU,GPU £ £ >
« CPURBRETV/OVERICEE

Cluster

B Single Processor

B— | MPP

CPU B Constellations

RNYNVEEL

FAFEFDFPGAR— R



#9370ty

ENIAC (1946) 300 FLOPS

Pentium (1993) 300 MHz 1 300 MFLOPS
ARM11 (2007) 700 MHz 1 700 MFLOPS

ARM Cortex A-15 (2012) 2 GHz 4 16 GFLOPS

R (2012) 2 GHz 705024 10500000 GFLOPS (~1:R)
Core i7 Haswell (2013) 3 GHz 8 384 GFLOPS
NVIDIA GeForce GTX TITAN X (2015) 1 GHz 3072 7000 GFLOPS
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Why qccelerator physms’?«-
HISTORY OF THE UNlVERSE ‘Darkqner%’y‘

Cosm icrowave \C“{fe
Background radiation formation
|

is visible

A

Accelerators |LHC

heavy
LHC 10ONS
protons \

High-energy
cosmic rays

Od

A
W04 310NN

W04 SNOFTIAN

PBTER 4LV W R¥VA T1aisSE
e J

t = Time (seconds, years)

E = Energy (GeV)

» understanding everyihlng from the blg .bang to iodqy



Fixed target (E—AZIRN(CZH TS EER)

» Bevalac (LBL) Vs < 2.4 GeV.
» SIS (GSI) Vs <2.7-GeV. Energy available LHC Pbe.
> AGS(BNL) Vs<5GeV for partlde e O
» SPS(CERN) Vs<20GeV B BRI,
RHIC
» 2000: Discovery-of ? 2L HC pp
«new state of matter» I N T \ 2
evatron
» FAIR (GSI) +Vs<9GeV _

Collider(&%2E: E—LARTZ#ERY 3 EER)

» RHIC (BNL) +s<200GeV . RIS

» 2005: Appears to be more like liquig
» LHC (CERN) \s < 5500 GeV 1960 1970 1980 1990 2000 2010

year

pp ~4 FETHE

A-A ~1.7 TS

K. Oyama, Universitaet Heidelberg Sep. 22,
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Expansion of the Universe

Afeer the Big Bang, the universe expanded and cooled. At about 107 second, the universe consisted of a soup of quarks, gluons, electrons, and
neutrinos. When the temperature of the Universe, T e cooled to about 10' K, this soup coalesced into protons, neutrons, and electrons. As time
progressed, some of the protons and neutrons formed deuterium, helium, and lithium nuclei. Still later, electrons combined with protons and these
low-mass nuclei to form neutral atoms. Due to gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more massive
chemical elements. Exploding stars (supernovae) form the most massive elements and disperse them into space. Our carth was formed from

supernova debris.
B i

@

-
Big  quark-gluon proton & neutron formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
Tostis 10K 10 K 10° K 4,000 K 50K-3K <50 K-3K 3K

time 1065 104 s 3 min 400,000 yr 3 % 10%r >3 % 10%yr 14x10°yr
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Tﬁ{ZkO) A: j Td\Jk,u\ ' 0-40% Pb-Pb, ﬁ =276 TeV

—+— Direct photons
—— Direct photon NLO for p = 0.5,1.0,2.0 P; (scaled pp)
—— Exponential fit: A x exp(-pT/T), T =304+ 51 MeV
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CERN ALICESE!
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What LHC does

N

» Accelerafe nuclei ’ro ’rhe speed dlmos’r speed of ||gh’r
" ,,.‘/'.; j

» Have two rings I|I<e ’rha’r

.//

» Focus ’rwo beqms m’ro O 1mm dlome’rer fhen collide

» Can chonge what. Type of nuclel Gccordlng To physics focus
(Higgs? QGPe, ejce) —

— A5l 3 \ ~ ”"»V

/ /

Heat Exchanger Pipe

Helium-II Vessel

Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars
Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long
" LHC cryodipole

M #: CERN
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Why qccelerator physws’?«-
NN i,
Colllde t\bo_ | h '”Ie\ by accelerator 7 ’,’/
““a\ce rlght éftt/er big- bang
“at témperature 5x10* 12 KZ(5JIS B — =
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36 countries over 2000 people

-~ Japanese institutes
2N Tsukuba, Tokyo,

5 Hiroshima, Nara W.U.,
A and NIAS
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