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★ Introduction to CMS

★ The CMS Trigger System

★ The Level-1 Trigger System

★ Triggering for Higgs Using the 
Level-1 Trigger System   

Credit: Imgflip

https://imgflip.com/memegenerator/257212254/Two-lines


The Compact Muon Solenoid (CMS) Experiment
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Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[1] arXiv:1311.4942 [physics.ins-det]

https://arxiv.org/abs/1311.4942


Blink and you’ll miss it… 
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★ Proton bunch collision rate ~ 40 MHz in CMS

★ CMS can only save ~ 1000 events per 
second, and they are not all useful

𝑑𝑁

𝑑𝑡
= ℒ𝜎

𝑑𝑁

𝑑𝑡
= collision rate

ℒ = luminosity

σ = cross-section

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

https://www.symmetrymagazine.org/article/blink-and-its-gone?language_content_entity=und


Blink and you’ll miss it… 
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How do we select the most 
interesting events, fast?

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

https://www.symmetrymagazine.org/article/blink-and-its-gone?language_content_entity=und


High Level Trigger (HLT)

~ 300 ms

Commercial PCs (software)
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The two-tier trigger system allows us to quickly select events
of interest and store them for later use

Level-1 Trigger (L1)

3.8 μs

Custom hardware
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40 MHz 100 KHz 1 KHz

Upper limit constrained by readout electronics

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

Credit: Alexandre Zabi Credit: Felice Pantaleo

[2] Triggering Discoveries 2018

https://cms.cern/news/real-time-analysis-cms-level-1-trigger
https://cds.cern.ch/record/2800977
https://indico.cern.ch/event/659612/contributions/2836315/attachments/1593071/2521964/201802_Bortignon_TDII_PueblaMexico_31Jan_2.pdf
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The L1 trigger design is cleverly optimised for quick thinking, 
but it comes at a cost…
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Level-1 Trigger (L1)

3.8 μs

Custom hardware

Fine Coarse

★ Use of up to 400 object-based algorithms to 
select desired events (Run 2)

Reconstruction with L1T Reconstruction without L1T

★ Compression of event data
†

increases 
reconstruction speed:

†
Trigger primitives, discussed on the next slide

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

Credit: Alexandre Zabi

https://cms.cern/news/real-time-analysis-cms-level-1-trigger
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Global Muon Trigger
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Trackers, ECAL, HCAL, Muon 
Chambers 
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Higgs production from vector boson fusion (VBF) and 
invisible Higgs decay 
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★ Quarks from LHC protons radiate a 
heavy vector-boson V (W or Z) 

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[3] arXiv:2201.11585 [hep-ex]

https://arxiv.org/abs/2201.11585
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★ Quarks from LHC protons radiate a 
heavy vector-boson V (W or Z) 

★ Heavy vector bosons fuse, producing a 
Higgs

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[3] arXiv:2201.11585 [hep-ex]

Higgs production from vector boson fusion (VBF) and 
invisible Higgs decay 

https://arxiv.org/abs/2201.11585
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★ Quarks from LHC protons radiate a 
heavy vector-boson V (W or Z) 

★ Heavy vector bosons fuse, producing a 
Higgs 

★ Higgs decays into ‘invisible’ particles 
(via H → ZZ → 4ν in Standard Model)

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[3] arXiv:2201.11585 [hep-ex]

Higgs production from vector boson fusion (VBF) and 
invisible Higgs decay 

https://arxiv.org/abs/2201.11585
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★ Quarks from LHC protons radiate a 
heavy vector-boson V (W or Z) 

★ Heavy vector bosons fuse, producing a 
Higgs 

★ Higgs decays into ‘invisible’ particles 
(via H → ZZ → 4ν in Standard Model)

★ Quarks detected as jets

Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[3] arXiv:2201.11585 [hep-ex]

Higgs production from vector boson fusion (VBF) and 
invisible Higgs decay 

https://arxiv.org/abs/2201.11585
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The Run-2 updated L1 analysis algorithms allow for triggering 
of the invisible Higgs decay through VBF

9/11Intro to CMS CMS Trigger System Level-1 Trigger Triggering for Higgs

[b] arXiv:2006.10165 [hep-ex]

Maximum dijet
invariant mass

Offline refers to 
stored data!

Measure of how 
well the L1 VBF 
trigger works

https://arxiv.org/abs/2006.10165
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[b] arXiv:2006.10165 [hep-ex]

The Run-2 updated L1 analysis algorithms allow for triggering 
of the invisible Higgs decay through VBF

https://arxiv.org/abs/2006.10165
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[b] arXiv:2006.10165 [hep-ex]

The Run-2 updated L1 analysis algorithms allow for triggering 
of the invisible Higgs decay through VBF

High-efficiency
plateau for VBF-

like events 

https://arxiv.org/abs/2006.10165
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Summary

𝑑𝑁

𝑑𝑡
= ℒ𝜎

Effective triggering is 
extremely important in CMS 

L1 trigger employs real-time 
algorithms and hardware 

logic for quick decision 
making

The upgraded L1 trigger uses 
specialised analysis triggers

to look for interesting events



Thanks for listening! 

Illustration by Sandbox Studio, Chicago with Ariel Davis
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