
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?

Kinetic energy ⇒ mass of new particles

E = mc²



Ingredients for Studying Collisions

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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[S
ou

rc
e:

 C
ER

N
-V

ID
EO

-2
01

3-
04

1-
00

1]

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


Accelerating the protons

[S
ou

rc
e:

 C
ER

N
-V

ID
EO

-2
01

3-
04

1-
00

1]

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


The Large Hadron Collider

Four main experiments: ALICE, LHCb, CMS, ATLAS
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We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.
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• now: 1 billion proton proton collisions per second
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2 500 000 000 000 000 pp collisions
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    100 000 000 000 000 events

https://home.cern/resources/video/computing/processing-lhc-data
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• now: 1 billion proton proton collisions per second

• roughly 1 MB / event
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• now: 1 billion proton proton collisions per second

• roughly 1 MB / event
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• 1st level trigger accepts events at a rate of 100 kHz

• 2nd level trigger accepts events at a rate of 1 kHz

https://home.cern/resources/video/computing/processing-lhc-data


Data Preparation

• Copy to long term storage on tape 

• Reconstruction at TIER0 data centre at CERN and Hungary

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

https://videos.cern.ch/record/1541893
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From Raw Data to Physics Objects

• From electrical pulses of the detector to a data format that we use for every 
day physics analysis
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From Raw Data to Physics Objects

• From electrical pulses of the detector to a data format that we use for every 
day physics analysis

[S
ou

rc
e:

 C
ER

N
-V

ID
EO

-2
01

3-
04

1-
00

1]

https://home.cern/resources/video/computing/processing-lhc-data


Events File size

1015

1 = 100

1012

109

106

103

1 EB

1 MB

1 ZB

1 GB

1 TB

1 PB
• Calibration and alignment 

of detectors 

• Data quality assessment 

• Addition of metadata 

• Transformation of hits in detector to physics objects (e.g. electrons)

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

From Raw Data to Physics Objects
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remove 
events
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analysis 
objects

x1 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x3 

x4 
…

x1 
  
  

x4 
…

remove 
information 

about objects

[Inspired by slide from James Catmore]
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Physics Selection

Multi-step approach: 

• Rough physics selection for multiple analyses (for local cluster) 

• Analysis specific selection (for your laptop)
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We are doing data analysis as part of the ATLAS collaboration at the LHC at CERN.



Studying the Events: Count

Example: 

• Prediction for background processes: 

• Prediction for signal processes: 

• Observed number of events in data:

NB = 7 
 

NS = 1 
 

Ndata = 8
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Studying the Events: Kinematic

[Source: ATLAS Collaboration, PRL 113, 141803]
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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://lhcathome.web.cern.ch 

• Study partial datasets at http://opendata.cern.ch 

• Title font: https://www.fontsquirrel.com/fonts/changa 

• Slide template based on designs by GarryKillian - Freepik.com

https://visit.cern
https://www.fontsquirrel.com/fonts/changa
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The LHC - Numbers to remember

• Protons per bunch: ~10¹¹ 

• Number of bunches: ~3000 

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

• 2015+2016 LHC stable beam uptime: 1680h


