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High Energy Physics Collaborations

üHEP collaborative culture
ÉDriven by scale and cost of experiments since the 1960s

ÉPeople: Few 20 100 750 (Fermilab) 2000 (LHC)

ÉCost: Few $M $50M $200M $1B

ÉDistrib: University multi-university international global

ÉEnculturation of grad students to thrive in this environment

üOrganized around physics goals and equal access to data

üBuilding and operating a large experiment
ÉPhysicists, engineers, vendors working in close collaboration

ÉOrganization by large subsystem and physics topics

üCollaborative tools (many self-developed)
ÉCoherent cyberinfrastructure, video meetings, phone meetings, 

constant travel, approval required for papers
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HEP Videoconferencing Infrastructure
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Big Science Global Collaborations

üNo one country can build the LHC
ÉToo expensive

ÉWorldwide distributed technical 
expertise

ÉEven experiments are expensive

üLHC experiment collaborations:
É~1000s scientists

É~100s institutes

É~10s countries

üMassive data collections belong
to participating global community
ÉEqual access to data

ÉDemocratization of science

Replace with CMS slide

CMS
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High Energy Physics

and the

Large Hadron Collider
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Search for

üOrigin of Mass

üNew fundamental forces

üSupersymmetry

üOther new particles

ü2009 ï?

TOTEM

LHCb

ALICE

Ð 27 km Tunnel in Switzerland & France

CMS

ATLAS

LHC Experiments at CERN:
The New Energy Frontier

A multi $B enterprise 
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Particle

Proton -Proton : 2835 bunch/beam

Protons/bunch: 1011

Beam energy: 7 Tev x 7 TeV

Luminosity:       1034/cm2/s

Crossing rate every 25 nsec

(~30 Collisions/Crossing)

ü7x previous energy record
üCollision rate ~1 GHz
üNew physics rate  ~10-5 Hz
üSelection: 1 in 1014
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Collisions at LHC  (2009?)
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CMS: ñCompactò Muon Solenoid

Inconsequential humans
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All charged tracks with pt > 2 GeV

Reconstructed tracks with pt > 25 GeV

(Main collision + 30 ñbackgroundò collisions)

109 collisions/sec, selectivity: 1 in 1013

Collision Complexity: CPU + Storage



DERCAP Workshop (Nov. 12, 2009) Paul Avery 10

CMS
ATLAS

LHCb

Storage
ü Raw data recording rate 0.2 ï1.5 GB/s
ü + data products
ü + large simulated data samples
ü ~ 100 PB by ~2013
ü ~ 1000 PB later in decade?

Processing
ü PetaOps/s(> 300,000 3 GHz PCs)

Users
ü 100s of institutes
ü 1000s of researchers

LHC Data and CPU Requirements



DERCAP Workshop (Nov. 12, 2009) Paul Avery 11

Integral Role of Computing at LHC

100s of pages apiece
üCPU

üStorage

üInternational optical networks
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HENP Computing: A Strategic Resource

üPervasive influence in every area
ÉExperiments, theory, LQCD, accelerator design, particle-astro, é

üHardware we exploit
ÉClusters (most common) to supercomputers to ñQCD on a chipò

üMajor experimental computing drivers
ÉCERN Large Hadron Collider: (ATLAS, CMS)

ÉFermilab/SLAC: CDF, D0, BaBar

ÉBrookhaven: RHIC Expts

üLarge-scale HEP computing characteristics
ÉExceptionally distributed infrastructures (grids, optical networks)

ÉReliance on powerful commodity CPU, RAID, LANs, NICs, é

ÉFollowing general trends (VM, GPUs, but more extreme

ÉSetting new trends
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Wholesale Adoption of Simulation

üFundamental physics processes
ÉPythia, HERWIG, Isajet, COMPHEP, é

üExperiment design and data analysis: Geant4
ÉState of the art particle/nuclear simulations

ÉRequired for precision measurements

ÉWidely utilized outside HEP

üLattice QCD
ÉParticle properties from fundamental QCD interactions

üAccelerators
ÉMagnet design; beam, orbit dynamics

ÉComponent design
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LHC Computing/Storage Requirements

CPU

Disk

Tape

LCG TDR 2005
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Most Computing Resources Outside CERN
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LHC Cyberinfrastructure Growth: Disk

100 Petabytes
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LHC Cyberinfrastructure Growth: CPU
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~100,000 cores

üMulti-core boxes

üAC & power challenges
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Distributed Computing
and Grids
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LHC Global Cyberinfrastructure

ü11 Tier-1 sites
ü130 Tier-2 sites (growing)
ü100s of universities J. Knobloch

OSG

Globally distributed 
resources
ÅSociology
ÅPolitics
ÅFunding
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CMS Experiment

CMS Global Cyberinfrastructure

Online 
System

CERN Computer 
Center

FermiLabKorea RussiaUK

Maryland

200 - 1500 MB/s

>10 Gb/s

10-40 Gb/s

2.5-10 Gb/s

Tier 0

Tier 1

Tier 3

Tier 2

Physics caches PCs

Iowa

UCSDCaltechU Florida

ü5000 physicists, 60 countries

ü10s of Pet abytes/yr by 2009

üCERN / Outside = 10 -20%

FIU

Tier 4

OSG
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LHC


