
David Grellscheid	

IPPP, Durham University	


2014-03-2

Computing in Particle Physics

Workshop on Advanced Techniques for Scientific Programming and 	

Management of Open Source Software Packages  10–21 March 2014



What are the fundamental	

building blocks of Nature?





T-Shirt,	

explain rules here



T-Shirt,	

explain rules here













ATLAS: Status of SM Higgs searches, 4/7/2012 36 

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 



ATLAS: Status of SM Higgs searches, 4/7/2012 37 

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
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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 36 

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 







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
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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
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WLCG tiered structure



WLCG tiered structure



August 1991World Wide Web
The WorldWideWeb (W3) is a wide-area hypermedia information retrieval initiative aiming to give

universal access to a large universe of documents.

Everything there is online about W3 is linked directly or indirectly to this document, including an

executive summary of the project, Mailing lists , Policy , November's W3 news , Frequently Asked

Questions .

What's out there?

Pointers to the world's online information, subjects , W3 servers, etc.

Help

on the browser you are using

Software Products

A list of W3 project components and their current state. (e.g. Line Mode ,X11 Viola , NeXTStep

, Servers , Tools , Mail robot , Library )

Technical

Details of protocols, formats, program internals etc

Bibliography

Paper documentation on W3 and references.

People

A list of some people involved in the project.

History

A summary of the history of the project.

How can I help ?

If you would like to support the web..

Getting code

Getting the code by anonymous FTP , etc.


