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What does Particle Physics need 

Grid Computing for ? 
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Contents  

What is the physicistôs motivation? 

 

What are the challenges we face ?  

 

The solution : we use the GRID ï only very short. 

 

Some physics highlights ï  

results obtained using the GRID.  

 

Concluding remarks 
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Three families  

Describes structure of  

ñnormalò matter: 

Electron,  u,d-Quarks 

H 

Standard Model of Particle Physics ï in a nutshell 

Three families           4  Forces  

é is a theoretical model with  

mathematical formalism   

< 10-18 m 
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Particle physics tries to answer fundamental 

 questions of nature, such as: 

Why do particles have mass ? 

Why is there an asymmetry  

between matter and antimatter ? 

What is the universe made out of? 

(only 4% of energy density known). 

Is there a unification of all forces ? 

é 

 

 

The Large Hadron Collider LHC at CERN 

is the machine, that allows to 

explore as yet uncovered territories, 

and hopefully provide some answers ! 

What are the Scientific Questions ? 

mass 

matter 

energy density 
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LHC ï the tool for breakthroughs ! 

Ç

Č

Ç

Ç

Ç

Thatós a challenge ! 
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Searches for new physics 

e.g. Higgs Ą small cross sect. 

 stot(H) ~   100   pb  

ü very low rates  

 

ü  Higgs / total ~ 10-9  

 

Only one out of a billion may 

be a good Higgs event ! 

 

ü NEED to understand all SM 

processes in detail 

Huge total cross section 
 stot (pp) ~   1011  pb 

Ą large rate 

 

1 barn = 10-24 cm2 ;  

1 pb = 10-12 barn =10-36 cm2 7 TeV 
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ñReaction 

  probabilityò  
Cross sections  

Part of the challenge is é 
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Protons, Ebeam=7 TeV 

 

 

Data from Proton-proton Collisions 

Total ~ 100 million channels 

~digital camera with 100 Mio Pixel,   

that records a ñdigital pictureò 40 

million times per second 

At every p-p collision 

(each 25 ns)  

detektor records all reaction 

products 

 

    Physicists analyse  

these events (ñpictureò)    

    yields 4 Petabytes/sec = 4ô000ô 000ô000ô 000ô000 B/s   

too much to be stored é 
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Data Reduction and  Analysis 

Of all these events, less than ONE in a 

million is  ñreally interestingò  . 

fast selection by dedicated, intelligent, 

online electronics Ą ñTriggerò 

Only ñgood eventsò are stored on tape 

and disk for subsequent analysis. 

Typically 10 PB/year/experiment 

Analysis of these events :  

×  reconstruct tracks and cluster, identify particles and topologies  

Ą classify  and ñcountò event types. 

× Study statistical distributions of event classes,  

and compare with theoretical predictions.  

× Done with self-developed and programmed, complicated algorithms.  

× Need for good description of ñknown processesò, and precise 

simulation and modeling of detector properties.    

× Every event is independent of the others  Ą massively parallel process 
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Example  - Minimum Bias Event 

no so easy  é 
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ñCloudò 

Hierarchy Model 

UK T2 

CERN   (10 PB/a RAW  

                   >10 TIPS)  

T1- Centres  INFN Centre  
 FZK/GridKA   

EPFL Uni Be UNI. GE PSI 

Û     Physicistôs workstations in office 

Spain T2  Tier2 Center  DESY T2 

Tier 1  

Tier 2  

US Centres  

Tier 3  

Tier 4  

100-500 MB/s  

Swiss Tier2  CSCS    

Tier 0  

Expts  

nx10 Gbps  

ñWorldwide LHC Computing Gridò 

store raw data, 

reconstruct + distribute 

store +redistribute data 

re-reconstruct 

simulation, analysis 

end-user analysis 
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C.Grab 12 Lyon/CCIN2P3 
Barcelona/PIC 

De-FZK 

US-FNAL 

Ca- 

TRIUMF 

NDGF 

CERN 
US-BNL 

UK-RAL 

Taipei/ASGC 

Ian Bird, CERN 12 26 June 2009 

WLCG has 49 MoU signatories, representing 35 countries: 
 
Australia, Austria, Belgium, Brazil, Canada, China, Czech Rep, Denmark, 
Estonia, Finland, France, Germany, Hungary, Italy, India, Israel, Japan, Rep. 
Korea, Netherlands, Norway, Pakistan, Poland, Portugal, Romania, Russia, 
Slovenia, Spain, Sweden, Switzerland, Taipei, Turkey, UK, Ukraine, USA. 

  

WLCG Collaboration 
Tier 0; 11 Tier 1s; over 150 Tier 2s 
and hundreds of Tier 3s 

Amsterdam/NIKHEF-SARA 

Bologna/CNAF 
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LHC Optical Private Network 

LHCOPN - Large Hadron Collider Optical Private Network : in production since May 2009  

é dedicated link of the network to allow distribution of data from T0 to T1s. 

Tier0 Ą Tier1 

Daten distribution 
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LHCOPN ï Network traffic: CERNĄ Tier1 

LHCOPN - Large Hadron Collider Optical Private Network : in production since May 2009 ! 

A LHCOPN link is a dedicated link of the network to allow distribution of data from T0 to T1s. 

https://netstat.cern.ch/monitoring/network-statistics/weathermap/?map=LHCOPN 

Datentransfer in Gbit/sec CERN=Tier0 Ą Tier1 

Daten distribution 
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Resources usage in EGI  (status 

June ô11) 

ü HEP is by far the 

main user  
 
(and resource provider )! 
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The LHC Computing Challenges - Summary 

ü Signal/Noise: 10-9     (H:MinBias) 

 

ü Data volume: 15 PB/year 

ü High rate * large number of  

channels * 4 experiments 

ü fast selection by dedicated,  

online electronics Ą ñTriggerò 

 

ü Compute power:  n*100k cores 

ü Event complexity * Nb. events  

* thousands users 

ü Need high-granularity simulation  

 

ü Distributed worldwide analysis & funding 

ü Computing funding locally in major 

 regions & countries 

ü Efficient analysis everywhere and anytime 
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Why all these efforts ? 

 

  é PHYSICS is the motivation é 

 

éhere are some the physics results ! 
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Physics Results (SM) 

Measure Standard  Model processes at  

new energies:  

Ą Test theory in detail, e.g. study  

production dynamics and  

properties of  

üTop and Beauty quarks 

üZ,W bosons é 

üand many more  é 

 

 
Č So far Standard Model  

  was highly successfully confirmed !!! 
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Example : Z Ą ee candidate 

Z Ą ee candidate 

electron 

electron 
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CMS ï three Jet Event Ą QCD 
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Example : ppĄ ZZ Ą ee mm candidate 


