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Outline
•  High Energy Physics 

– Fundamental Questions 

– Strategy 

•  CERN & LHC & Experiments 

– ALICE (A Large Ion Collider Experiment) 

– CMS (Compact Muon Solenoid) 

•  High Energy Physics Experiment 

– Signal Processing 

– Data Acquisition 

– Data Analysis 

•  Computing Infrastructure 

• Tier Structure 

•  GRID computing 2
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Paradigm
• Force 

• Newtonian 

• Field 

• Gauge Boson 

• Relativity : c < infinity 

• Quantum : h > 0 

• Standard Model
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http://pdg.web.cern.ch/pdg/particleadventure/frameless/unseen.html
http://pdg.web.cern.ch/pdg/particleadventure/frameless/chart.html
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Mysteries, Yet!

• Origin of  Mass (질량) 

• God Particle : Higgs 

• Extra Dimension 

• Grand Unification Theory 

• Quark-Gluon Plasma 

• etc.
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Accelerator

• Telescope / Microscope / Accelerator 

• Electron / Light Source / Proton / Heavy Ion 

• Linear / Cyclotron / Synchrotron / Collider 

• Major Accelerators 

• Large Hadron Collider 

• Korea Rare Isotope Accelerator / ILC
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http://www.particleadventure.org/variation.html


CERN : World Largest Accelerator 
Center

65 countries : 20 mem. + 6 obs. + EU + Unesco 

+ 39 non. 

Council : 2 x 20 / Director General (Dr. R. Heuer) 

Budget :  1B CHF (’08) / 2500 Employee (’08) 

8000 scientists from > 500 Institutions 

World-Wide Web / 7 Nobel prizes  

Extension Plan : Assoc. membership / CERN 

Schools 
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CERN (유럽 핵 및 입자물리 연구소)
Birth Place of the ‘WWW (World Wide 

Web)’
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Large Hadron Collider
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http://aliceinfo.cern.ch/Public/en/Chapter1/Chap1Physics-en.html
http://aliceinfo.cern.ch/Public/en/Chapter1/Chap1Physics-en.html


Large Hadron Collider
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Large Hadron Collider
• The Largest Machine in the world : 26,659m, 9300 Magnets, -193.2C 

(80K), 10,080 tonnes of liq.N2,120 tonnes of liq.He (-271.3C = 1.9K)
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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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Why HMPID? PID in ALICE

Full azimuthal coverage : ITS, TPC, ToF 

ITS, TPC upto p ~ 600 MeV/c 

ToF upto ~ 1.2 – 1.4 GeV/c 

Single-arm detector : HMPID for 1 – 5 GeV/c 

ALICE: the dedicated HI experiment
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Why HMPID? PID in ALICE

Full azimuthal coverage : ITS, TPC, ToF 

ITS, TPC upto p ~ 600 MeV/c 

ToF upto ~ 1.2 – 1.4 GeV/c 

Single-arm detector : HMPID for 1 – 5 GeV/c 

ALICE: the dedicated HI experiment
Solenoid magnet 0.5 T

Central tracking system:
• ITS 
• TPC
• TRD
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Forward detectors:
• PMD
• FMD, T0, V0, ZDC
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A Large Ion Collider Experiment

• Recreation of mini Big-Bang : 
Quark Matter (QGP) Evolution 
Research 

• ‘Early Universe was a 
liquid’ (Nature ’05) 

• 31 Countries, 109 Institutions, > 
1000 Researchers 

• Heavy Ion RUN (PbPb) @ 2.75 TeV 
in Nov. 2010

Korea
BrazilJapan

Spain/Cuba
RomaniaSouth Africa

USA
China

Croatia
India

Armenia
Ukraine

Mexico
JINR

Russia

Netherlands
Hungary
UK
Greece
Sweden

Poland

Norway
Czech Rep.

Slovak Rep.
Denmark CERN Finland

Germany

France

Italy
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Compact Muon Solenoid
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Beyond Standard Model

• God Particle : Higgs - 
Generator of Mass 

• Super Symmetry Particles 

• Extra Dimension, Dark 
Matter etc. 

• Quark-Gluon Plasma in HI 
program

22

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


CMS Detectors
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Physics: System Evolution
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Nuclear Collisions

Expansion

Temperature Falling

Hadronization

End of the hadronic  
Interactions
Freeze out

Stream out
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Physics: System Evolution

Nuclear Collisions

Expansion

Temperature Falling

Hadronization

End of the hadronic  
Interactions
Freeze out

Stream out

N, K, π, γ, e, µ, …
Λ, Ξ, Σ, φ, …

In-Kwon YOO



25

Experiment & Processing

In-Kwon YOO



25

Experiment & Processing

In-Kwon YOO



25

Experiment & Processing

DET

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

DET & ELECTRONIC

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

DET & ELECTRONIC Data Aquisition

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

DET & ELECTRONIC Data Aquisition

Data Reconstruction

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

DET & ELECTRONIC Data Aquisition

Data Reconstruction

Data Analysis

In-Kwon YOO



25

Experiment & Processing

DET EL.SIG ADC EVT 
Builder

STOR 
(RAW)

CALIB/ 
TRACK FIT

DATA 
RECONST

DST 
(Structure)

EXTRACT PID  ANALYSIS

DET & ELECTRONIC Data Aquisition

Data Reconstruction

Data Analysis Embedding & 
Efficiency Check
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Database: Event —> Track —> etc.
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Particle Identification

• Specific dE/dx

• Track Curvature

• Time-Of-Flight & Tracklength

• dE/dx PID

 Bethe-Bloch

 Momentum

 Velocity

 Mass

 TOF PID
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(Pseudo) Rapidity vs. transv. Momentum
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pT

In-Kwon YOO



28

(Pseudo) Rapidity vs. transv. Momentum

Backward (-) Forward (+)

pT

In-Kwon YOO



28

(Pseudo) Rapidity vs. transv. Momentum

Backward (-) Forward (+)

pT

In-Kwon YOO



29

Resonance Reconstruction

In-Kwon YOO



29

Resonance Reconstruction

In-Kwon YOO



29

Resonance Reconstruction

minv = [(E1+E2)2-(p1+p2)2]1/2

• Identify secondary vertices 

• Examples in Pb+Pb@158AGeV

In-Kwon YOO



29

Resonance Reconstruction

minv = [(E1+E2)2-(p1+p2)2]1/2

• Identify secondary vertices 

• Examples in Pb+Pb@158AGeV

In-Kwon YOO



29

Resonance Reconstruction

minv = [(E1+E2)2-(p1+p2)2]1/2

• Identify secondary vertices 

• Examples in Pb+Pb@158AGeV

In-Kwon YOO



29

Resonance Reconstruction

minv = [(E1+E2)2-(p1+p2)2]1/2

• Identify secondary vertices 

• Examples in Pb+Pb@158AGeV

In-Kwon YOO



30

Tier2

HI??

Uni a

Lab c

Uni n

Lab m

Lab b

Uni bUni y

Uni x

Tier3 
physics 

department

α

β

γ

Desktop

Germany

Tier 1

USA
UK

France

Italy

……….

CERN Tier 1

……….CERN Tier 0

LHC Computing
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• Introducing A really New Concept : GRID >> Cloud Computing 

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

LHC Computing Grid


