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OUTLINE

» High Energy Physics
— Fundamental Questions

— Strategy
« CERN & LHC & Experiments

— ALICE (A Large Ion Collider Experiment)
— CGMS (Compact Muon Solenoid)
» High Energy Physics Experiment
— Signal Processing
— Data Acquisition
— Data Analysis
« Computing Infrastructure
* T1ier Structure

* GRID computing 5



Size of an atom

In-Kwon YOO 3



g B s N s N T Ol
o o o . 174
A U BU L L2 bl (225 DR

&4
AN

In-Kwon YOO

Atom to Nucleus

448 m




Proton to Quark

‘G 5 =9

Solld Atom Nucleus Proton Quarks

2; ‘*\’5" )\ A‘v

b 3
..r( ). 'l :7 o

.«u'l"""‘ @/.\
N4
£

po2
I .,

Blue whale - 33m

X

Beetle | E .3.3mm




0.000001 sec

| trillion °C

- v ' - - . - - [ £
Quark-gluon plasma

-

&Du U

13 billion years
x=270 °C




SPACE, TIME and What ?

nnnnnnnnnn



SPACE, TIME and What ?

In-Kwon YOO 7



PARADIGM

e Force

e Newtonian

sphere area

» Field il

source strength
S

intensity at |
surface of sphere

» Gauge Boson

» Relativity : ¢ < infinity

The energy twice as far from the
source is spread over four times
the area, hence one-fourth the intensity,

* Quantum : h > 0

* Standard Model



http://pdg.web.cern.ch/pdg/particleadventure/frameless/unseen.html
http://pdg.web.cern.ch/pdg/particleadventure/frameless/chart.html

nucleus




MYSTERIES, YET!
\JJ -

Origin of Mass (& &)

God Particle : Higgs
Extra Dimension
Grand Unification Theory

Quark-Gluon Plasma

ctc.
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ACCELERATOR

* 'lelescope / Microscope / Accelerator
* Electron / Light Source / Proton / Heavy lon
» Linear / Gyclotron / Synchrotron / Collider

* Major Accelerators

 Large Hadron Collider

» Korea Rare Isotope Accelerator / 11L.C

11


http://www.particleadventure.org/variation.html

CERN World Largest Accelerator
Center

S

’t~ 65 countries : 20 mem. + 6 obs. + EU + Unesco =~

+ 39 non. -

‘ Coun(:ll 2 x 20/ Director General (Dr R, Heuer) -
#Budget : 1B CHF ('08) / 2500 Employee (’08) e
L 8()00 SCIentlsts from > SOO Instltutlons L
* World Wlde Web i Nobel prlzes

Extensmn Plan Assoc membershlp / CERI\I
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http://aliceinfo.cern.ch/Public/en/Chapter1/Chap1Physics-en.html
http://aliceinfo.cern.ch/Public/en/Chapter1/Chap1Physics-en.html
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Large Hadron Collider

® The Largest Machine in the world : 26,659m, 9300 Magnets, -193.2C
(80K), 10,080 tonnes of lig.N,,120 tonnes of lig.He (-271.3C = 1.9K)
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Large Hadron Collider

The Largest Machine in the world : 26,659m, 9300 Magnets, -193.2C
(80K), 10,080 tonnes of lig.N,,120 tonnes of lig.He (-271.3C = 1.9K)

The Fastest race track on the planet : 11,245 rounds/sec,
0.999999991c, upto 7 TeV for p, upto 2.8 TeV/u for Pb, 6M collisions/
sec

The emptiest Space in the solar system : 10 "atm, 1/10 of pressure of
Moon

The Hottest Spot in the Galaxy, but colder than outer space : 100,000
x solar center, 1.9K for SCM.

The biggest and most sophisticated detectors ever built : sampling &
record of 6M collisions/sec, ns & micron accuracy,

The Most Powerful Supercomputing in the world : 100,000 DL DVDs/
yr, 10,000 super-computers over the world via GRID
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Pb+Pb E,,=5.5 TeV t=-19.00 fm/c

H. Weber / UrQMD FrankfurvM



Pb+Pb E,,=5.5 TeV t=-19.00 fm/c

H. Weber / UrQMD FrankfurvM
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® Recreation of mini Big-Bang :
Quark Matter (QGP) Evolution
Research

® ‘Early Universe was a
liquid’” (Nature "05)

® 371 Countries, 109 Institutions, >
1000 Researchers

® Heavy lon RUN (PbPb) @ 2.75 TeV
In Nov. 2010

Soufi B cuba i

Jdprani il
India China Korea Italy f

Croatia

Armenia
Ukraine

Mexico
JINR

Russia

Netherlands
Hungary

UK
Greece

Sweden

Poland ;|

Slovak Rep. Finland
Norway Denmark GERN
Czech Rep.
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Beyond Standard Model

Why does anything have
substance?

God Particle : Higgs -
Generator of Mass

Super Symmetry Particles

Extra Dimension, Dark

Matter etc.

Quark-Gluon Plasma in HI

program

[How can we answer the big|
questions?

Accelerators and
detectors

What do we already
know?

vy
J8B g
vy
e uTwW

The standard package)

Hunting the Higgs
boson

Are there more particles
to find?

Supersymmetry:

What is the universe really
made of?

Do we really only live in
3D?

o

ICoIIiding heavy ions

Dark Secrets of String theory and
uniting the forces the Universe extra dimensions
What happens if we don't
What was the universe like What and where is find the Higgs boson or
just after the Big Bang? antimatter? supersymmetry?
N ™ ’
Antimatter detectives| | Re-writing physics



http://cms.web.cern.ch/cms/Physics/index_public.html

B Pixe
B Trac

B ECA

B HCAL
B MUON Dets.

B Superconducting
Solenoid

Total weight: 12500 t
Overall diameter: 15 m
Overall length: 21.6 m
Magnetic field: 4 Tesla




Physics: System Evolution
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Physics: System Evolution

tin:e t

without QGP

Hadron formatien Parton formaticn and thermalizaricn

-
beam axis z

& 2
&/ &,
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Physics: System Evolution

A 4

without QGP o with QGP
N.K % K% gt Temperature Falling

Hadronization

4 )

End of the hadronic
Interactions
Freeze out

Stream out
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Physics: System Evolution

N, K, m vy, e, u, ...

without QGP o with QGP

Parton formation and thermalizartion

-
beam axis z

&/ &,

In-Kwon YOO

A 4

| Temperature Falling

Vs

Hadronization

End of the hadronic
Interactions

~

Freeze out

Stream out
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Physics: System Evolution

N, K, 70y, e, i, __Nuclear Collisions |
A 4

A= 20, ...
without QGP o T with QGP
o K% g Temperature Falling

Hadronization

4 )

End of the hadronic
Interactions
Freeze out

Stream out
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Experiment & Processing

3| DET
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In-Kwon YOO

ot

\\'//

25



Experiment & Processing

3| DET
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1 ADC
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1 ADC
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Experiment & Processing*

3| DET

1 EL.SIG

1 ADC
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Experiment & Processing
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1 ADC
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Experiment & Processing ‘==

3 DET

| EL.SIG  ADC —{ EVT [ STOR

Builder (RAW)

DST DATA | CALIB/
(Structure) RECONST TRACK FIT
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Experiment & Processing®

3& DET | ELSIG [ ADC [ EVT || STOR
Builder (RAW)
DST DATA | CALIB/

(Structure) RECONST TRACK FIT

EXTRACT
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Experiment & Processing =i

3& DET | ELSIG [ ADC [ EVT || STOR
Builder (RAW)
DST DATA | CALIB/
(Structure) RECONST TRACK FIT
EXTRACT PID
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Experiment & Processing!

3& DET | ELSIG [ ADC [ EVT || STOR
Builder (RAW)
DST DATA | CALIB/
(Structure) RECONST TRACK FIT
EXTRACT PID ANALYSIS
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% DET 1 EL.SIG — ADC Hy EVT L} STOR
Builder| | (RAW)

DET & ELECTRONIC

DST | DATA | CALIB/
(Structure) RECONST TRACK FIT

EXTRACT —1 PID 1 ANALYSIS
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Experiment & Processing =i

1 EL.SIG

| ADC + EVT

DET & ELECTRONIC |

DST

(Structure)

i | Builder

EXTRACT

Data Aquisitioni

m = m EE E E E E E E N R R N R R N R RN MM N R M NN R M N E R RN E N EEEEEEEEEEEEEEEEEEEE s sssEsssEEEEEEEEEEEEEEEEEEEEEEYEEEEEEEEEEEEnn et
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PID

DATA | CALIB/
RECONST TRACK FIT
ANALYSIS
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3& DET | ELSIG [ ADC i EVT 1| STOR

.................... DET & ELECTRONIC | DatalAquisition.
|  DST | DATA | | CALB/ |}
: | (Structure) RECONST TRACK FIT | :
' Data Reconstruction :

EXTRACT —1 PID 1 ANALYSIS
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1 EL.SIG
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(Structure)

DST
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i 3% DET [ ELSIG [ ADC -

EVT

DET & ELECTRONIC ¢

DST , DATA

(Structure) RECONST

TRACK FIT
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Embedding &

Efficiency Check
25



Database: Event —> Track —> etc.

Candidates selections

Event selection Topological Cuts

* Minimum bias events is selected

« PV DCA Lambda > 0.07 cm

* Pile-up events are rejected ,
_via SPD detector « DCA Proton and 1st pion < 1.6 cm

» DCA Lambda and 2nd pion < 1.6 cm

* -10<Vz<10cm i
* Decay length xy of Lambda > 1.4 cm

* Decay length xy of Z= > 0.8 cm
Track Cuts e
» Cosine of pointing angle Lambda > 0.97
* Pt>0.15 GeV/c

* Cosine of pointing angle E= > 0.97

. -0.8 < n < 0.8 for 3rd pion e Mass Window of At = 6MeV/c2

° SetTPCminNClusters(70) proton
*  SetTPCminNClusters(70) 1st pion

*  SetTPCminNClusters(70) 2nd pion . . A
. SetTPCminNClusters(70) 3rd pion Cascade decay S

« PV DCA of proton > 0.04 cm - ”\

» PV DCA of 1st pion > 0.04 cm . —
» PV DCA of 2nd pion > 0.05 cm :( 1 530) ——
« PV DCA xy 3rd pion < 0.0182+0.035/Pr'®' cm

* PV DCA z of 3rd pion < 2cm 7 y X
. 37 a7+
4 Z
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Particle Identification

e Track Curvature —> Momentum

 Specific dE/dx —> Bethe-Bloch
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Particle Identification

e Track Curvature —> Momentum
 Specific dE/dx —> Bethe-Bloch

- dE/dx PID

2

18 - ||

16 |

14

Truncated mean [MIP uniis]

12 \
\

1 N e

0.1 1 10 100
p [GeV/c]
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Particle Identification

—> Momentum

e Track Curvature

—> Bethe-Bloch

 Specific dE/dx
- dE/dx PID

T TT

T

[s3un di il xp/ap

100

10

0.1

p [GeV/c]

27
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e Track Curvature

 Specific dE/dx

Particle Identification

—> Momentum

—> Bethe-Bloch

- dE/dx PID

dE/dx [MIP units]

1.4

1.2

LI S | T T

G p+pvp6'siti§és .

~

e |

0.1

p [GeV/c]

In-Kwon YOO

» Time-Of-Flight & Tracklength

—
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Particle Identification

e Track Curvature —> Momentum

 Specific dE/dx —> Bethe-Bloch
- dE/dx PID
o) B i ) e e g ooih ah i A e
: 1| | s o0 7. pHpposilives
L : ;
— || T
g 181 | R
&y ]
S a 1 » Time-Of-Flight & Tracklength
T . !
12| h,\ _3 ! —> Velocity
i N | N
0.1 SR 1 10 100
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Particle Identification

e Track Curvature —> Momentum

~

 Specific dE/dx —> Bethe-Bloch
- dE/dx PID
| 3 TP positives

1.8 | 3 4
— || oS R
2. Bk \ I
g :
S a 1 » Time-Of-Flight & Tracklength
n - \ ]
o) \ .
12| &,\ ;, ! —> Velocity
o - —> Mass
0.1 B 1 10 100
o [GeV/c] —>
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Particle Identification

e Track Curvature —> Momentum
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. dE/dx PID o B
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(Pseudo) Rapidity vs. transv. Momentum
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(Pseudo) Rapidity vs. transv. Momentum
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(Pseudo) Rapidity vs. transv. Momentum
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Resonance Reconstruction

. . P
Miny = [(Ey+E)°=(py+p,)°]"/? [/

- ldentify secondary vertices

- Examples in Pb+Pb@158AGeV \m_@:(_@/

In-Kwon YOO 29



Resonance Reconstruction

: : P
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Resonance Reconstruction

m, = [(E,+E,)2—(p,+p,)2]' 2

- ldentify secondary vertices
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Resonance Reconstruction
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LHC Computmg Grld
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LCC

« Biggest Grid project in the world
= Over 200 sites in 40 countries

= 30°000 |A-32 processors (w/Linux)
- 16 millions Gigabytes storage

(Spring 2007)

Introducing A really New Concept : GRID >> Cloud Computing

e Potential of Fundamental Science! >> Opening New Era!




