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Collisions



PP Interactions
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Issues

• In time pile up   

• Out of time pile up

• Finite speed of particles

5Ian MacNeillPPE 214



Spicas
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Time of Flight
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Cost of Storage

CMS outputs ~10 Pb/s of Data

Can’t store all of this on disk.
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Concept of Trigger

• Mostly interested in high Pt events

• Most events are uninteresting (low Pt)

• Therefore we discard them

• Helps alleviate storage issues by 
removing data

• Helps alleviate previously discussed 
issues through parallelization and 
buffering
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Spicas
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Overview of Data Flow

• CMS Output ~8*107 channels.

• Assume 32 bits per number stored.

• 40 MHz collision rate.

So ~8*107 *4 bytes * 40 MHz = ~10 Pb/s

Lose about 3 orders of magnitude to 0 suppression.

Remove another 3 by triggering.

Output to of events tape is ~300Hz * 1Mb
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L1 Hardware Triggers
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Combining Triggers/Readout

• Each Element (Silicon, Ecal, ect) must read out 
full event data.

• Data continues to flow down a series of 
parallel pipes.

• Trigger for each element stored as logic bit 
and enters global logic circuits.

• If event selected, then data from event is sent 
on to HLT.
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DAQ/Buffers
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Global  Logic 
Clocked to 25 ns 
CMS timing.
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L2 Trigger



High Level Trigger (CMS)/
L3 Trigger (ATLESS has more?)
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Remember, the detector designs for Atlas were finalized over 10 years ago. 
Although relying on predictions of Moore’s Law and other advances in 
technology, ATLAS took a conservative approach and did not want to rely on 
being able to handle the bandwidth at the cpu farm level.

CMS started a little later and took a less conservative approach…



CMS
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ATLAS
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Output

The output rate is ~300 Hz

Output event size is ~1 Mb

The size of each event is made as compact as 
possible while preserving information.

Output rate will can be increased in software as 
cost of storage goes down.
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Citations

Primary

• Paris Spicas Presentation

• Frank Wuerthwein Presentation

Secondary (good reading but not directly used in this 
presentation)

• “Triggering at Hadron Colliders.” Brooijmans, Gustaaf

• “Triggering at CMS.” Smith, Wesley

• CMS TDR
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