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What are the fundamental
building blocks of Nature?
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4μ candidate with m4μ= 125.1 GeV 

pT (muons)=  36.1, 47.5, 26.4, 71 .7GeV   m12= 86.3 GeV, m34= 31.6 GeV 
15 reconstructed vertices 
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4e candidate with m4e= 124.6   GeV 

pT (electrons)=  24.9, 53.9, 61.9, 17.8 GeV   m12= 70.6 GeV, m34= 44.7 GeV 
12 reconstructed vertices 



Theory Experiment



Theory Experiment
?



Proton bunches 25 ns apart
10    protons per bunch11

~25 collisions per crossing



~100 million readout channels, every 25 ns



CMS
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After zeroes removed, 1.6 MB / event
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After zeroes removed, 1.6 MB / event
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Can’t save everything
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               Incoming event rate per second      Outgoing event rate per second    Reduction factor
Level 1                   40 000 000                                         100 000                                  400
Level 2                   100 000                                               3 000                                     30
Level 3                   3 000                                                   200                                        15

Trigger system to keep only interesting events

200 events / s * 1.6 MB / event = 320 MB / s

= ~ 3200 TB / year raw data

Analysis is done offline,
~3000 collaboration members should have 

equal access to data worldwide



Event Generators 1 Mike Seymour 

Overview and Motivation 
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Need to get theory 
predictions.

ATLAS: Status of SM Higgs searches, 4/7/2012 







Monte Carlo event generators
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Detector

Trigger

Reconstructed
events

Analysis

Simulated
events

Event generator 

Nature
Theory model



Event generator 

Matrix element

Parton shower

Hadronization

Decays



Event generator 

Matrix element

Parton shower

Hadronization

Decays

Monte-Carlo integration

Monte-Carlo integration

Markov chain

book-keeping



The structure of an event

Warning: schematic only, everything simplified, nothing to scale, . . .

p
p/p

Incoming beams: parton densities
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Hard subprocess: described by matrix elements
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Resonance decays: correlated with hard subprocess
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Initial-state radiation: spacelike parton showers
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Final-state radiation: timelike parton showers
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Multiple parton–parton interactions . . .
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. . . with its initial- and final-state radiation



Beam remnants and other outgoing partons



Everything is connected by colour confinement strings

Recall! Not to scale: strings are of hadronic widths



The strings fragment to produce primary hadrons



Many hadrons are unstable and decay further



Many hadrons are unstable and decay further



Many hadrons are unstable and decay further

Simulated data sets of millions of events



Detector

Trigger

Reconstructed
events

Analysis

Simulated
events

Event generator 

Nature
Theory model



Detector

Trigger

Reconstructed
events

Analysis

Simulated
events

Event generator 

Nature
Theory model

need millions!
~15 s per event



Each event independent

Batch farms are OK, but typical 
university clusters not large enough

Worldwide LHC Computing Grid

Connect all participants transparently:



WLCG tiered structure



WLCG tiered structure



WLCG tiered structure



WLCG tiered structure



• Hardware infrastructure supported by 
“Middleware”

• Allow heterogenous collections of machines to 
be connected

• End users should not care where data is. 
Describe job, and “Resource Broker” will find 
the best location

Main ideas





• uniform OS installation needed

• RB bottleneck

• Pilot jobs

• asymmetry between experiments’ 
requirements and WLCG middleware 
development resources

• Middleware lacks central planning

Reality



Pragmatic approach seems to work 
sufficiently well for the experiments,

problems worked around with lot of effort

Better Monte Carlo tuning
New kinds of theory studies possible

Would do it differently next time,
but this is what we’ve got
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4e candidate with m4e= 124.6   GeV 
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12 reconstructed vertices 




