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CERN Campus
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LHC Accelerator Tunnel
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Accelerator 
Components

1232 Main Dipole 
Magnets
386 Main Quadrupole
Magnets
A few thousands of 
Correction Magnets.



Worldwide LHC Computing Grid (WLCG)によるLHC 加速器ATLAS 実験のデータ解析
坂本 宏(東京大学ICEPP) データ科学ワークショップ、国立天文台2009年1月16日 6/40

LHC First Beam

• There were over 300 journalists on site, 
• Google news found over 3500 press cuttings on 

the day, 
– not to mention featuring the LHC on the Google 

logo. 
• Around 450 television stations picked up our 

broadcast signal. 
• Eurovision has reported that it was broadcast 

over 2100 times. 
• And our websites strained under the pressure of 

over 100 million hits. 
• In our Member States and around the world, 

CERN was the lead news story on television 
news, even demoting the US elections to 
second place. 

• Particle physics has never had such a high 
profile, and it gives us an opportunity over the 
coming years to get basic science back into the 
mainstream.  (Robert Aymar: DG CERN)
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First Beam from Accelerator Monitors
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Japanese Contribution to LHC

Hubert Curien (in the middle) with the Japanese Minister for Education, 
Science and Culture, Kaoru Yosano, and CERN's Director-General, 
Christopher Llewellyn Smith, at the ceremony marking the start of 
collaboration between CERN and Japan in 1995.

2008年10月21日
LHC完成式典にて
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Physics at LHC
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Black Hole?

Over the past billions of years, Nature has 
already generated on Earth as many 
collisions as about a million LHC 
experiments – and the planet still exists.

The Universe as a whole conducts more than 
10 million million LHC-like experiments per 
second. The possibility of any dangerous 
consequences contradicts what astronomers 
see - stars and galaxies still exist.

http://public.web.cern.ch/public/en/LHC/Safety-en.html
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Experiment Sites at LHC
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The ATLAS Detector
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ATLAS under Construction
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Japanese Contribution to ATLAS



Worldwide LHC Computing Grid (WLCG)によるLHC 加速器ATLAS 実験のデータ解析
坂本 宏(東京大学ICEPP) データ科学ワークショップ、国立天文台2009年1月16日 16/40

ATLAS Collaboration

37 countries
170 institutes
2200 researchers
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First Beam 
on 

Detectors

CMS
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Data from ATLAS

Rate(Hz
) sec/year Events/y

Size(MB
)

Total(TB
)

Raw Data 200
1.00E+0

7 2.00E+09 1.6 3200

ESD (Reconstruction out) 200
1.00E+0

7 2.00E+09 0.5 1000

General ESD 180
1.00E+0

7 1.80E+09 0.5 900

General AOD (Analysis) 180
1.00E+0

7 1.80E+09 0.1 180

General TAG (Event db) 180
1.00E+0

7 1.80E+09 0.001 2
Calibration 40
MC Raw 1.00E+08 2 200
ESD Si 1 00E 08 0 5 50

320MB/s Throughput ~ 6 seconds for 2GB 
file
3.2PB/2GB = 1.6M files
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Processing Power for ATLAS

Reconstruction:
15kSI2ksec/event – 3000kSI2k 

(200Hz)
Simulation:

400kSI2ksec/event – 4000kSI2k 
(10Hz)
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ATLAS Distributed Computing Model
Tier Model ~ Hierarchy

Tier0: CERN
Tier1: Quasi-Online Data Center
Tier2: National/Regional Analysis Center
Tier3: Department Facility
Tier4: User Desktop

Under WLCG 
MoU

Tokyo
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EGEE: 250 sites from 50 countries,
72,000 CPUs, 20PB disks 

Worldwide LHC Computing Grid
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WLCG CPU and Jobs - Accounting

10,000,000 jobs/month
1,200,000kSI2000days 
used.
= 40,000kSI2000 x 30 
days
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Grid Deployment in Asia Pacific Region
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Users ~ Virtual Organizations of WLCG

>130 Virtual 
Organizations

>7500 registered 
users

In ATLAS
39 groups for

Sub-detectors
Physics 
groups
National users

6 group roles
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How to build a usable grid

Experiments

Developers
Sites

WLCG Grid 
Deploymen

t Board
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ATLAS Distributed Data Management 
Requirements

in the order of 4000 new data sets from data taking per day (data 
set defined per run and physics stream along with data sets for log 
files)
additionally 20 to 30% of the previous number for monte carlo
simulation
user data sets are less clear: a very rough estimate is having an 
equivalent number to the monte carlo datasets
it is expected that each data set has O(1) versions.
it is expected that each data set has O(100) files.
it is expected that the majority of the data sets will be on a state 
where the latest data set version is closed or the data set is frozen.
each site should have in order of O(100) data set transfers at any 
moment (the majority being data sets from data taking).
there are in the order of 50 to 100 computing sites providing storage 
for ATLAS (these are possible data set locations).
ATLAS will have in the order of O(100) users and O(10) groups.
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ATLAS 
Production 
System  
Architecture
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Job Submission Statistics
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ATLAS Distributed Data Management Architecture
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Performance: Catalogue

Total: 565,000 
datasets
replicas ~ 60 
millions file 
replicas
~ 6 petabytes
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DDM Daily Functional Tests
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Performance: File Transfer at CCRC08
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Networks for WLCG
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Networks in Asia-Pacific Region
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File Transfer from Lyon to Tokyo
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First Beam 
on Grid
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An Incident at Sector 34
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LHC 
Accelerator 

Now

LHC Beam will 
come again in 
next spring at the 
energy highest 
ever.
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Summary

LHC Experiments Started
Detectors are ready ~ Recorded events by 
beam
Waiting recovery of LHC accelerator

Worldwide LHC Computing Grid is ready
Showed enough performances
Sharing physics data worldwide
New style of computing for high energy 
physics

High energy physics enters its new era in 
2009

Please stay tuned
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