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Trigger in HEP

Intro 3

In particle physics, a trigger is a system that uses criteria to rapidly decide which 
events in a particle detector to keep (i.e. to start storing the event data) when 

only a small fraction of the total can be recorded.



Particle Physics Experiments

Different experiments have very different trigger 
requirements:

▪ Fixed target

– No trigger : Geiger, photo-emulsions, cloud/bubble 
chambers

– Trigger: electronic detectors

▪ Colliders

– Electronic detectors

▪ Cosmic 
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Lectures

▪ ~ 4 lectures

– Introduction

• Generic detector

• NA57 example

– Collider: LHC – ALICE example

– Fixed target experiment: 

• NA62
Lectures: 
http://epweb2.ph.bham.ac.uk/user/lietava/triggerlectures/index.html
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Content

▪ Particle experiments

▪ Why we need trigger

– Bubble chamber

– Interaction rate (LHC )

– How much data ?

▪ What to trigger on ?

▪ How to trigger ?

▪ Comparison 

– Atlas/CMS/LHCb/Alice
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Why Trigger et all ?
▪ Bubble chambers operated 

for many years and 
generated several Nobel 
Prizes, yet are not suitable 
for triggers at all

▪ How did they do it?
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Why Trigger et all ?
▪ Bubble chambers operated 
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generated several Nobel 
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Brookhaven 80'' Hydrogen Bubble Chamber 

(Courtesy of National Museum of American 

History)

 

Discovery of Omega (1964)

Taking photographs !



Outcome
▪ Without any triggering (except in the sense of 

cycling the chamber in a way which 
synchronizes with the beam extraction) a 
bubble chamber gives you, on average, about 1 
interaction per second.

▪ Assuming 50% down time (a bit pessimistic) 
gives about 300k events per week.

▪ Satisfactory for minimum bias (“total cross 
section”) studies
– Higher interaction and readout rates needed => 

electronic experiments
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LHC Interaction Rate: Machine x Physics

 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑅 = 𝐿 × 𝜎

 𝐿𝑢𝑚𝑖𝑛𝑜𝑠𝑖𝑡𝑦 𝐿 = 1034𝑐𝑚−2𝑠−1

 𝐼𝑛𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝜎 = 100𝑚𝑏

 𝑹 = 𝟏𝑮𝑯𝒛
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𝐿~
𝑓 × 𝑛 × 𝑁2

𝑆
𝑓 − 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝑛 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑢𝑛𝑐ℎ𝑒𝑠
𝑁 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛𝑠 𝑖𝑛 𝑏𝑢𝑛𝑐ℎ

𝑆 − 𝑏𝑢𝑛𝑐ℎ 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛



Why trigger: how much data ?
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 𝐷𝑎𝑡𝑎 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑉 = 𝑅 × 𝑣 × 𝑇 × 𝑛

 𝐸𝑣𝑒𝑛𝑡 𝑠𝑖𝑧𝑒 𝑣~2𝑀𝐵

 𝑇𝑖𝑚𝑒 10 𝑚𝑜𝑛𝑡ℎ𝑠 𝑇 = 2.6 × 106𝑠

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 𝑛 = 4

 𝑉 = 1023𝐵𝑦𝑡𝑒𝑠/𝑦𝑒𝑎𝑟

DATA
DATA

STORAGE



Why trigger: how much money?
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 𝐷𝑎𝑡𝑎 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑉 = 𝑅 × 𝑣 × 𝑇 × 𝑛

 𝑉 = 1023𝐵𝑦𝑡𝑒𝑠/𝑦𝑒𝑎𝑟 ~ world data storage

 𝐺𝑜𝑜𝑔𝑙𝑒 𝑐𝑜𝑠𝑡 𝑐 = 4𝐺𝐵𝑃/ Τ1𝑇𝐵 𝑚𝑜𝑛𝑡ℎ

 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝐶 = 𝑉 × 𝑐 × 12 = 5 ∗ 1012𝐺𝐵𝑃

 𝐶𝐸𝑅𝑁 𝑏𝑢𝑑𝑔𝑒𝑡: 109𝐶𝐻𝐹

2023 numbers



Why trigger: how much data can we effort?
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LHC data/year = 1023𝐵
280 PetaBytes (2019)
 = 2 × 1017𝐵 ⇒
 reduction factor ~106 ⇒ 

TRIGGER



General schema
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Decision
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General schema
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System
Software Trigger

Trigger 
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Trigger
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Data storage



What to choose ?
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𝐁𝐬
𝟎 → 𝛍+𝛍−           10-7 Hz



What to choose ?

▪ ATLAS/CMS

– Higgs

– New physics

▪ LHCb

– Rare decays

– CP violation

▪ ALICE

– QCD
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What to choose ?

▪ ATLAS/CMS

– Higgs

– New physics

▪ LHCb

– Rare decays (b,c)

– CP violation

▪ ALICE

– QCD
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▪ ATLAS/CMS

– Higgs

– New physics

▪ LHCb

– Rare decays (b,c)

– CP violation

▪ ALICE

– QCD

What to choose ?
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What to choose ?

▪ ATLAS/CMS

– Higgs

– New physics

▪ LHCb

– Rare decays (b,c)

– CP violation

▪ ALICE

– QCD/ QGP
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How to choose ?

Identify different particles produced:
▪ Photons: Electromagnetic calo (ECAL)
▪ Electrons: Tracker+ECAL
▪ Hadrons:

– Charged: tracker+ECAL+Hadron Calo (HCAL)
– Neutral: HCAL

▪ Muons: tracker+ECAL+HCAL+muon chambers
▪ Neutrino: none

Intro 21
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Triggering detectors

▪ Triggering detectors

– Fast trigger signals

• Every triggering detector has full readout also

– Small amount of data

– Segmented enough

Intro 22

▪ Technologies:
– Calorimeters: ECAL, HCAL

– Scintillators

– Gas detectors:
• Resistive Plate Chambers (RPC)

• Thin Gap Chambers (MWPC)

• Drift tubes 

• Cathode strip chambers

• Gas Electron Multiplier (GEM)



Trigger selection
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Combining information 
from detector elements 
and different detectors:

▪ Isolated Photon 

▪ Isolated Electron

▪ Isolated Muon

▪ Jet

– τ jet

– Heavy flavour jet

▪ Missing energy



Trigger selection
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Combining information 
from detector elements 
and different detectors:

▪ Isolated Photon 

▪ Isolated Electron

▪ Isolated Muon

▪ Jet

– τ jet

– Heavy flavour jet

▪ Missing energy MET

▪ Multiplicity
– 1,2,3,4 jets
– ….

▪ Topological trigger
– 2 photons with Higgs mass
– …….



Trigger menu

▪ Physics triggers

– Most of the bandwidth

▪ Additional triggers (downscaled)

– Needed in Analysis

• Efficiency

• Background

– Calibration triggers

– Monitoring triggers
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ALICE Trigger Menu
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Monitoring

Efficiency



ATLAS Trigger Menu
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Trigger Efficiency
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How to trigger ?

▪ Trigger system

– Electronic devices: ADC, Discriminator, FIFO

– BUSY and Dead time

– Derandomisation/Pipelines

– Collider mode

– Multilevel trigger

– High Level Trigger (HLT)
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Simple Trigger/DAQ example

DELAY

ADC

Detector: Calorimeter
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Simple Trigger/DAQ example

DELAY

ADC

Detector: Calorimeter
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Detector: Calorimeter

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Detector: Calorimeter

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Detector: Calorimeter

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing

DAQ

TRIGGER

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing

DAQ

Trigger Latency:
time taken to form and 
distribute the trigger decision.

DELAY compensates for 
trigger latency.

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing

DAQ

TRIGGER

DISCRIMINATOR

A
N

D

Coincidence reduces noise



Coincidences
▪ Given that the pulses we deal with are very short (typically 

20-50 ns) the use of coincidences has a dramatic effect on 
reducing background noise.

▪ Conversely, the noise from an OR circuit can become very 
large, and each element has to be monitored carefully.
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing

DAQ

What if trigger is 
created when system is 
BUSY ?

To make ADC and 
transfer digital data 
needs some time.

System can NOT process

next event: system is 
BUSYTRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

Introduce BUSY logic

BUSY

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

Introduce BUSY logic

BUSY

Dead Time:
Time the system requires to process an event 
without being able to handle other triggers

TRIGGER
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing

DAQ

BUSY
D
I
S
C

Example of BUSY logic

TRIGGER



Deadtime and Efficiency 

▪ Definitions:

– Interaction rate: 𝑓

– Dead time:  𝜏

▪ Frequency of successful triggers, e.g. DAQ rate 𝑓𝐷:

𝑓𝐷= 𝑓 1 − 𝑓𝐷𝜏

𝑓𝐷=
𝑓

1 + 𝑓𝜏

▪ Efficiency

𝜀 =
𝑓𝐷

𝑓
=

1

1 + 𝑓𝜏
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𝑓𝜏

Ef
fi

ci
en

cy
 𝜖



NA57 example
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NA57 example
▪ The NA57 experiment, a heavy ion experiment designed to measure strange 

particle  production in pBe and Pb-Pb collisions, illustrates many of the ideas 
we have introduced so far.

▪ The experiment ran from 1998 to 2001. It was used to test many ideas later 
implemented in the ALICE experiment, and represents a transition from the 
“old-style” approach with modular NIM based electronics to purpose-built 
triggers.

▪ In the pBe mode (shown) the trigger had to select events where at least two 
tracks entered the Silicon telescope. This was done by looking at pulse 
heights in two scintillators, and requiring both to be consistent with two 
tracks. (Requiring this in one only would not be sufficient owing to the long 
Landau tail in the pulse height distribution.) 

▪ The beam rate was about 107 protons per SPS burst, and the trigger rate 
about 1800 per burst.

▪ Trigger was implemented in two ways:
– Nuclear Instrument Module (NIM) based trigger
– Electronic board
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NA57 example
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NA57 Trigger Logic NIM
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NA57 Trigger Logic VME

Intro 48

VME = 
Versa
Module
Europe
= electronic bus standard
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Simple Trigger/DAQ example

DELAY DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

FIFO

Derandomisation:
Introduce buffers 
which decouple the 
data production 
from the data 
processing: better 
performance

BUSY

FIFO:
First In First Out 
buffer

TRIGGER



Derandomisation

▪ Efficiency versus ratio of interaction rate to DAQ 
rate for different FIFO length (depth):
– 𝑓𝜏 > 1:short FIFO
– 𝑓𝜏 ≪ 1: too long FIFO (over designed)
– 𝑓𝜏~1:optimal FIFO
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𝑓𝜏

𝑓
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Simple Trigger/DAQ Collider mode

DELAY DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

FIFO

Particle collisions are 
synchronous. Trigger look only at 
non empty BCs 

Bunch Crossing
(LHC clock)

BUSY

TRIGGER
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Simple Trigger/DAQ Collider mode

DELAY DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

FIFO

Synchronisation: all 
equipment are synchronised 
with LHC clock 

Bunch Crossing
(LHC clock)

TRIGGER
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Multilevel trigger

DELAY
L0 trigger

DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

FIFO

Split decision to several trigger  
levels with increasing complexity 
and latency 

L1 trigger
DISCRIMINATOR

BUSY

ABORT

All levels can 
reject events

TRIGGER
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High Level Trigger (HLT)

DELAY
L0 trigger

DISCRIMINATOR

ADC

Processing BUSY LOGIC

DAQ

FIFO

HLT: trigger level 
between readout and 
storage. 

L1 trigger
DISCRIMINATOR

HLT
(lot of CPUs)

ABORT

REJECT

Fully software 
(CPU farm) 
trigger. 

Has access to full 
event. 

TRIGGER



ATLAS Trigger/DAQ system

▪ 2 trigger levels

▪ Level-1 HW

– 2.5 usec latency

– 100kHz output rate

▪ HLT: L2 and

EF in one farm

▪ Output rate:

~ 1 kHz

▪ Event size: 1.5-2 MB Intro 55



ATLAS Trigger/DAQ system

▪ 2 trigger levels

▪ Level-1 HW

– 2.5 usec latency

– 100kHz output rate

▪ HLT: L2 and

EF in one farm

▪ Output rate:

~ 1 kHz

▪ Event size: 1.5-2 MB Intro 56



CMS Trigger/DAQ system

▪ 2 trigger levels

▪ Level-1 hardware

– 4 µs latency

– 100 kHz output rate

▪ Event building at full 

L1 rate

▪ Output rate: average 1 kHz

▪ Event size:1.5 MB
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LHCb Trigger/DAQ system (Run2)

▪ 2 trigger levels

▪ Level 0:
– 4 usec latency

– 1MHz output

– L1: look at displaced high 
pt tracks

▪ HLT full event 
reconstruction

▪ Output rate: 12.5 kHz

▪ Event size: 70 kB
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LHCb Trigger/DAQ system (Run3)

▪ 2 trigger levels

▪ Level 0:
– 4 usec latency

– 1MHz output

– L1: look at displaced high 
pt tracks

▪ HLT full event 
reconstruction

▪ Output rate: 12.5 kHz

▪ Event size: 70 kB

Intro 59

NO Hardware triggers:
- all detectors read-out data at 40 MHz with maximum30MHz interaction rate



ALICE Trigger/DAQ system (Run2)

▪ 3 HW trigger 
levels + HLT

▪ Latency:
– L0:1.2µs

– L1: 6.5 µs

– L2: 88µs

▪ Output rate: 
500Hz

▪ Event size: 

7-26MB
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ALICE Trigger/DAQ system (Run2)

▪ 3 HW trigger 
levels + HLT

▪ Latency:
– L0:1.2µs

– L1: 6.5 µs

– L2: 88µs

▪ Output rate: 
500Hz

▪ Event size: 

7-26MB
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ALICE Trigger/DAQ system (Run3)

▪ 3 HW trigger 
levels + HLT

▪ Latency:
– L0:1.2µs

– L1: 6.5 µs

– L2: 88µs

▪ Output rate: 
500Hz

▪ Event size: 

7-26MB

Intro 62

                 See next lecture 



NA62 (K+->pi+nu+nu)
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Summary
▪ Basic trigger/DAQ concepts introduced
▪ Trigger system summary

– High efficiency
• No bias on physics results
• Event losses must be low and measurable

– Large reduction of rate
– Affordable

• Time and money

– Robust 
• Trigger is mission critical system

– Flexible
• Understanding of physics is evolving
• LHC is improving ..
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Lectures

▪ R.Lietava: http://epweb2.ph.bham.ac.uk/user/l
ietava/triggerlectures/index.html

▪ N. Ellis: Proceedings from the 5th CERN-Latin 
American School of High-Energy Physics, 15 - 28 
Mar 2009, Colombia, CERN Report Number CERN-
2010-001 

▪ M. Wielers, RAL, Trigger and DAQ lectures, 
02/11/2016 

▪ https://warwick.ac.uk/fac/sci/physics/mpags/mod
ules/particle/trigger: to be updated

▪ F.Pastore, RHUL, An Introduction to trigger systems
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https://warwick.ac.uk/fac/sci/physics/mpags/modules/particle/trigger
https://warwick.ac.uk/fac/sci/physics/mpags/modules/particle/trigger
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ATLAS Trigger/DAQ system

▪ 2 trigger levels

▪ Level-1 HW

– 2.5 usec latency

– 100kHz output rate

▪ HLT: L2 and

EF in one farm

▪ Output rate:

~ 1 kHz

▪ Event size: 1.5-2 MB
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CBM Readout Concept

69

Finite-size FEE buffer:

latency limited
throughput limited

Intro
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