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C g .3 High Energy Physics Collaborations

i HEP collaborative culture
E Driven by scale and cost of experiments since the 1960s
e People: Few\ 20\ 100\ 750 (Fermilab) \ 2000 (LHC)
E Cost:  Few $M\ $50M \ $200M \ $1B
g Distrib: University \_multi-university \ international \ global
E Enculturation of grad students to thrive in this environment

u Organized around physics goals and equal access to data

i Building and operating a large experiment
E Physicists, engineers, vendors working in close collaboration
E Organization by large subsystem and physics topics

i Collaborative tools (many self-developed)

E Coherent cyberinfrastructure, video meetings, phone meetings,
constant travel, approval required for papers
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i No one country can build the LHC
E Too expensive

E Worldwide distributed technical
expertise

E Even experiments are expensive

i LHC experiment collaborations:

E ~1000s scientists
E ~100s institutes
E ~10s countries

u Massive data collections belong |
to participating global community ¢

E Equal access to data
E Democratization of science
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High Energy Physics
and the
Large Hadron Collider




b 27 km Tunnel in Switzerland & France

Search for

u

U
i
U
U

Origin of Mass
New fundamental forces
Supersymmetry

I Other new particles
0 200971 ?

LHC Experiments at CERN:
The New Energy Frontier

HC PROJECT ~ UNDERGROUND WORKS
TR 3

- ToteM | CMS 2
ALICE |
LHCb |
illl::J : I ) \ : ST-CEAjr
A multi $B enterprise
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Proton -Proton : 2835 bunch/beam
Protons/bunch: 1011

Beam energy: 7 Tev x 7 TeV
Luminosity: 1034/cm?/s

Bunch : . Crossing rate every 25 nsec

(~30 Collisions/Crossing)

Proton

Parton
(quark, gluon)

U 7x previous energy record

U Collision rate ~1 GHz
Particle \ﬁ\:; U New physics rate ~10~ Hz
jet,% e Susy.. U Selection: 1 in 10
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CMS: nCompacto Mu

MUON CHAMEERS | [ INNER TRACKER | | CRYSTAL ECAL
= - T 7

YVERY FORWARD
CALORIMETER

_. l..

Total Weight - 14,500 t. :
Overall dglmﬂter: 14.60 m 'f —_—___——_“‘

Overall length : 2160m | SUPERCONDD COIL
Magnetic field : 4 Tesla | RETURN YOKE | \

Inconsequential humans
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Complex
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1ISION

10° collisions/sec, selectivity: 1 in 1013

Coll

Reconstructed tracks with pt > 25,GeV
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CMS

-~} Storage
I¥=s U0 Raw data recording rate 0.2 7 1.5 GB/s
~#= U + data products
. {|U +large simulated data samples
€= =0 ~ 100 PB by ~2013
T = 40 ~ 1000 PB later in decade?

- Processing
@ U PetaOps/s(> 300,000 3 GHz PCs)
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LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES cEnNILNu:zoosmz
CERN EUROPEAN LABORATORY FOR PARTICLE PHYSICS zﬂ-lumlws
ATLAS
Computing
tea e
I'JI;} J‘( : \ E e
: . o MU o
Technical Design Report v ———— LHC Computing Grid
ke - e - e Technical Design Report
N Ii:l:’:r. . A:;,:E-Dl? CERN-LHCC 2005002 b
The Computmg Pro]ect A e ‘é B iren Kot
Technical Design Report #E:

100s of pages apiece
u CPU
i Storage
i International optical networks
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a g .3 HENP Computing: A Strategic Resource

i Pervasive influence in every area
E Experiments, theory, LQCD, accelerator design, particleastro, é

i Hardware we exploit
EClusters (most common) to superc

i Major experimental computing drivers

E CERN Large Hadron Collider: (ATLAS, CMS)
IE Fermilab/SLAC:.CDF, DO,BaBar

E Brookhaven: RHIC Expts

i Large-scale HEP computing characteristics
E Exceptionally distributed infrastructures (grids, optical networks)
E Reliance on powerful commodity CPU, RAID, LANsSNICs, ¢é
E Following general trends (VM, GPUs but more extreme
E Setting new trends
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i g .3 Wholesale Adoption of Simulation

i Fundamental physics processes
EPythia, HERWI G, |Isajet, COMPHEP,

i Experiment design and data analysis: Geant4
£ State of the art particle/nuclear simulations *
E Required for precision measurements
E Widely utilized outside HEP

u Lattice QCD
E Particle properties from fundamental QCD interactions

i Accelerators
E Magnet design; beam, orbit dynamics
E Component design
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@ @ LHC Computing/Storage Requirements

———l Current planned

kS

4

I_C TD R 2005 Requirements - all experiments capacity
| 2007 2008 2009 2010 2008 “o of
CPU (MSI2K) requirements

CERN Total 10.0 253 345 337 20.0 79%

CEERN Tier-0 6.9 17.5 224 328 12.3 70%

CEENTIL/T2 3.l 7.8 12.1 209 1.7 959%

All external Tier-1s 19.2 359 83.2 1420 47.1 54%

All Tier-2's 236 61.3 90.4 136.6 15.8 26%

C P U | Total 53 143 210 332 83 58%
Disk(TB)

CERN Total 2200 G'600 9200 12'600 37700 56%

CEERN Tier-0 400 1'300 1'400 1'800 1'100 85%

CERNTI/T2 1'800 5'300 TE00 10°800 4600 87%

All external Tier-1s 9300 31200 45400 72100 217700 70%

All Taer-2's 5200 18'800  32'400 49'200 3300 18%

D | S k |_Tut:|] 17'000 57000 ST'000  134'000 31'000 54%
MSS (TB)

CERN Total 4900 18000  31°100 45'600 157300 85%

CEERN Tier-0 3400 13'600  23'600 34'500 127000 58%

CEENTIL/T2 1'500 4'400 7500 11'100 3300 75%

All external Tier-1s 9300 34'700 _ 60'800 92'200 24700 71%

Tape Total 14'000 53000 92'000 138'000 40'000 75%
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Distribution of All CERN Users by Nation of Institute

MEMBER STATES

AUSTRIA 58
BELGIUM 98
BULGARIA 35
CZECH REPUBLIC 180
DENMARK 68
FINLAND 81
FRANCE 872
GERMANY 944
GREECE 91
HUNGARY 43
ITALY 1543
NETHERLANDS 163
NORWAY 70
POLAND 175
PORTUGAL 109
SLOVAKIA 46
SPAIN 270
SWEDEN 74
SWITZERLAND 344
UNITED KINGDOM 645

3909

on 5 February 2008

OBSERVER STATES
INDIA 93
ISRAEL 64
JAPAN 182
RUSSIA 940
TURKEY 35
USA 1278

2592

OTHER STATES

ARGENTINA 8
ARMENIA 17
AUSTRALIA 13
AZERBAIJAN 1
BELARUS 23
BRAZIL 68
CANADA 119
CHILE

CHINA
COLOMBIA

CROATIA
CUBA
CYPRUS
ESTONIA
GEORGIA
ICELAND
IRAN
IRELAND
KOREA
LITHUANIA

)

MEXICO 3 TAIWAN
MONTENEGRO THAILAND
MOROCCO UKRAINE
NEW ZEALAND

PAKISTAN

ROMANIA

SERBIA

SLOVENIA

SOUTH AFRICA

SRI LANKA
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LHC Cyberinfrastructure Growth: Disk

160
140 Disk
' LHCb-Tier-2
120 B CMS-Tier-2
' B ATLAS-Tier-2
100 Petabytes B ALICE-Tier-2
10 - - mm - - - m - m % LHCb-Tier4
m gy B CMS-Tier1
o BATLAS-Tier1
&0 B ALICE-Tier1
' P LHCh-CERM
- B CMS-CERN
B ATLAS-CERN
B ALICE-CERN
zﬂ |
0
2007 2008 2009
] Year -
@; DERCAP Workshop (Nov. 12, 2009) Paul Avery 17 (5

4"



MSI12000

u Multi-core boxes

i AC & power challenges L HCb-Tior2

B CMS-Tier-2
BATLAS-Tier-2
BALICE-Tier-2
LHCb-Tier1
B CMS-Tier1
BATLAS-Tier1
BALICE-Tier1
» LHCb-CERN
BCMS-CERN
BATLAS-CERN
BALICE-CERN

2008 2009 2010
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Distributed Computing
and Grids




LHC Global Cyberinfrastructure

Globally distributed
i resources

A Sociology
< % APolitics
& +3° | AFunding

U 11 Tier-1 sites
U 130 Tier-2 sites (growing)
1U 100s of universities NG




CMS Global Cyberinfrastructure

U 5000 physicists, 60 countries
U 10s of Pet abytes/yr by 2009
Online U CERN / QOutside = 10 -20%

System \

200 - 1500 MB/s

CERN Computer
Center

@ FermiLab
_/ N\ >10Gbls
Tier 2 OSG U Florida Y Caltech U(@CD
P

2.5-10 Gb/s

Tier 3 TR v e e
/ \

| 7y

Tier 4 Physics caches pCs kel
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