Conquering Large Numbers

at the LHC

Breaking down 14 Orders of Magnitude



We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.



We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.



Why particle collisions?

E = mc®

Kinetic energy = mass of new particles
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1. Protons with a lot of energy
2. A place where the protons collide

3. A huge detector to snapshot the collisions

4. Tools and infrastructure to analyse the collision data
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Accelerating the protons


https://videos.cern.ch/record/1541893
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Accelerating the protons
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The Large Hadron Collider

CERN-VIDEO-2013-041-001]

[Source:

Four main experiments: ALICE, LHCb, CMS, ATLAS


https://videos.cern.ch/record/1541893

We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.
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PN Collisions in ATLAS
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o 1stlevel trigger accepts events at a rate of 100 kHz
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 2nd level trigger accepts events at a rate of 1 kHz
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A Data Preparation

Copy of raw and reconstituted data

is sent to the Computing Grid

Copie des données brutes et des donneées reconstituées
envoyeées a la grille de calcul

Experiments data flow
Flux des données des expériences

T

Initial data reconstruction Copy to long-term tape storage
Reconstruction initiale des données Stockage a long terme
des données sur bande

[Source: CERN-VIDEO-2013-041-001]

e Copy tolongterm storage on tape

e Reconstruction at TIERO data centre at CERN and Hungary
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 From electrical pulses of the detector to a data format that we use for every
day physics analysis
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- Eventdisplay

u* u*jj Candidate Event
mji=2800 GeV | Ayii|=6.3

[Source: ATLAS Collaboration, PRL 113, 141803]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-06/

We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.
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Studving the Events: Count

Example:
e Prediction for background processes: Ng = 7
* Prediction for signal processes: Nl

e (Observed number of events in data: Nyata = 8



o u*u*jj Candidate Event
mji=2800 GeV |Ayii|=6.3

[Source: ATLAS Collaboration, PRL 113, 141803]

Run Number: 207490, Event Number: 33152138
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Studying the Events: Kinematic

— 280 ET [GeV]

u*rutjj Candidate Event
mji=2800 GeV |Ayij|=6.3

1A EXPERIMENT

Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC

[Source: ATLAS Collaboration, PRL 113, 141803]

1015

1012

107

100

103

1=100

A

Fvents File size

A

+ 12ZB
+ 1EB
+ 1PB
+ 17TB

+ 1 GB

?H\/IB



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2013-06/

Studying the Events: Kinematic
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Standard Model Production Cross Section Measurements at ATLAS
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Standard Model Production Cross Section Measurements at ATLAS
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https://home.cern/news/news/accelerators/lhc-report-another-run-over-and-ls2-has-just-begun

Further Links

More information about visiting CERN: https://visit.cern
Volunteer computing with LHC@home http://Ihcathome.web.cern.ch

Study partial datasets at http://opendata.cern.ch
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** The LHC - Numbers to remember

 Protons per bunch: ~10"!
e Number of bunches: ~3000

e Rate collisions: ~11000 per second (collision rate?)

e 201542016 LHC stable beam uptime: 1680h



