What does Particle Physics need
Grid Computing for ?
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eWhat is the physicistods
o What are the challenges we face ?
o The solution : we use the GRID i only very short.

o Some physics highlights 1
results obtained using the GRID.

o Concluding remarks
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Standard Model of Particle Physics ¥ in a nutshell
é is a theoreti cé Dot = Lo + Comam + g + Cpenp 1)
mathematical formalism
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o Particle physics tries to answer fundament
guestions 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). 24% Dark

+ Is there a unification of all forces ? p—
+ 6

72% Dark
Energy

0.01%

energy
I

o The Large Hadron Collider LHC at CERN
is the machine, that allows to
explore as yet uncovered territories,
and hopefully provide some answers !
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LHC ¥ the tool for breakthroughs !

¢ Large Hadron Collider (LHC)
collides protons at 3.5x3.5 TeV
at typically 40 MHz
C acompletely NEW ERA

¢ Four experiments/detectors, with
Swiss participation in the three
ATLAS, CMS and LHCb
with up to some 3500 persons/experiment

¢ Experiments record the particles
produced in these collisions

¢ Physicists around the world want
to access and analyze these data
as fast as possible

to make discoveries ! Thats & mallenge Ic h A
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At every p-p collision

(each 25 ns)

detektor records all reaction
products

Total ~ 100 million channels
~digital camera with 100 Mio Pixel,
thatr ecor ds a fAdi |

million times per second

s

Physicists analyse
these events

yields 4 Petabytes/ sec =
v

too muchntaibe Storddo.. be st
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Run 132440

Calojet 35.9 GeV Lumi 180 |
Trackjet 34.9 GeV Event 4128448
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+ Typically 10 PB/year/experiment

Calojet 58.7 GeV
Trackjet 65.8 GeV

Analysis of these events :
reconstruct tracks and cluster, identify particles and topologies
AlcllpFatsiisl i by and Acount o event type

x Study statistical distributions of event classes,
and compare with theoretical predictions.

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

x Need for good description of #fAkno
simulation and modeling of detector properties.

x Every event is independent of the others A massively parallel process

X
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MS Experiment at the LHC, CERN

orded: 2010Ju|—(\)5 58.839811 GMT(04:2 ¥8 ﬁjE
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store raw data,
reconstruct + distribute

Tieri
store +redistribute data
re-reconstruct
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simulation, analysis
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WLCG Collaboration : . ’BQ'&"’”&’ENAF
Tier 0; 11 Tier 1s; over 150 Tier 2s ]
and hundreds of Tier 3s
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Australia, Austria, Belgium, Brazil, Canada, China, Czech Rep, Denm|
Estonia, Finland, France, Germany, Hungary, Italy, India, Israel, Japa
Korea, Netherlands, Norway, Pakistan, Poland, Portugal, Romania, R
Slovenia, Spain, Sweden, Switzerland, Taipei, Turkey, UK, Ukraine, Uj

LHC Optical Private Network Tier0 A Tierl
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LHCOPN - Large Hadron Collider Optical Private Network : in production since May 2009
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LHCOPN T Network traffic: CERNA Tierl
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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 TO to T1s.
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" The LHC Computing Challenges - Summary

I 1

i Signal/Noise: 10° (H:MinBias) AN ¥

u Datavolume: 15 PB/year
u High rate * large number of
channels * 4 experiments
u fast selection by dedicated,
online electronics A A Tr i g d

it Compute power: n*100k cores

u Event complexity * Nb. events
* thousands users

t Need high-granularity simulation

‘H.-Lﬁ.
5000 £ .

Events/500 MeV for 100 b1

b ‘
4000 F Iﬂ'“u f L‘

. . . . o . 10 750 150 140 c - i‘ ?‘,
u Distributed worldwide analysis & funding B 1
. a . J A o -

u Computing funding locally in major L 5 -

regions & countries

i A ! : (5, 0 gl

u Efficient analysis everywhere and anytime u"‘\/ Ll
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Why all these efforts ?
é.. PHYSICS is the motivatormo t i v at

é..heeera some the physias eesultsi e p
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Physics Results (SM)

o Measure Standard Model processes at
new energies:

A Test theory in detail, e.g. study
production dynamics and
properties of

i Top and Beauty quarks

iuZ, W bosons &

isand many mor e é

& So far Standard Model
was highly successfully confirmed V!
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