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q  LHC collider overview
q  LHC performances
q LHC detectors
q  ATLAS and CMS performances
q  ATLAS/CMS trigger system
q  Event display
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LHC

Mont Blanc
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LHC accelerator complex
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LHC Collider: the tunnel

From one pit to the other about 3.3 km
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LHC parameters

(6.8 TeV in 2022)

(record:2.6 x 1034  in 2022)

(record: 6.8 TeV/u  in 2022)



Claudio Luci – Collider  Particle Physics – Chapter 11 7

Large Hadron Collider timeline
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Not precisely the expected start …
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10 years of LHC
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The next 20 years of LHC: towards HL-LHC
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Start of Run3: July 5th 2022
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LHC cycle in 2022: example

LHC page 1
This what you can see
in several screens 
around CERN …
and in the control rooms
of course

Filling
scheme
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LHC cycle in 2024: example

• Top luminosity (2.1x1034 cm-2 s-1) is
kept for several hours (~ 8 hours).

• The initial luminosity could be higher
but it kept at a lower value increasing
Beta* (namely the beam dimension
at the interaction point). As long as the
number of protons diminish, the beams
are squized (lower beta*). 

• When they reach the limit (beta* 30 cm),
the luminosity decays, until it is more
convenient to dump the beams and 
start over a new fill.

• The limiting factor to have a higher
luminosity, besides the LHC triples,
is the maximum L1 rate sustanaible
 in the experiments (about 95 kHz in
Atlas) and/or the pile-up.  

• To be noticed on the left plot: the beam
intensity is going down as soon as the
stable beam is declared !
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Last pp LHC run in 2024
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Last pp LHC run in 2025

Test: one beam with 1.8×10!!	
proton per bunch and the other
with 1.4×10!! ppb due to vacuum
problem in one sector



Claudio Luci – Collider  Particle Physics – Chapter 11 17

LHC 2024: instantaneous luminosity in three days
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LHC cycle: details

Ramp down means that
the B-Field is lowered to
reach 0 T (no current).
Then, during the setup B is
set to value needed for
450 protons.
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LHC performance in 2024
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LHC 2022 parameters: # of bunches and ppb

ℒ =
𝑘 $ 𝑁! $ 𝑓
4𝜋 $ 𝛽∗ $ 𝜖

$ 𝐹

N =  No. particles per bunch
K =  No. bunches
𝛽∗ =  beta-function at IPs
𝜀 = transverse emittance 

f =  revolution frequency
F = [ 0 …1 ] depends on the crossing angle

ppb=protons per bunch
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LHC 2024 parameters: # of bunches and ppb

Reminder
The nominal total number of bunches is ~3600,
but not all of them can be filled.
The number of bunches colliding is 2340 (in Atlas and CMS)
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LHC: peak luminosity

Pile-up

2.15 $ 10#$𝑐𝑚%!𝑠%&

run 1 run 2

run 3

(Limited by cryogenic)

ATLAS Integrated Luminosity

2024

2018

2023: after July 17th the integrate Lumi didn’t increase

LHC design luminosity: 1034
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LHC: integrated luminosity along the years

156 fb-1
delivered
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ATLAS and CMS luminosity in 2022

DAQ Efficiency

DAQ efficiency: it takes into account  DAQ deadtime, automatic resynchronisations of some part of the detector  
                            and all kind of problems (hardware and/or software) that prevent the experiment to take data.

DAQ efficiency = Recorded / Delivered
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ATLAS luminosity in 2024 and in Run3

2024 Run3

CMS has similar numbers

DAQ: 94.3% eff.
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LHC: pile-up

ATLAS: recorded luminosity as a 
function of the pile-up

run 1 run 2

run 3

64

Run-3 pile-up

Pay attention: an increase of the pile-up means an
increase of the L1 rate in the experiment.
So, to handle a higher pile-up, the experiment has
to reduce the Level-1 rate (by improving the 
rejection capabilities)
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ATLAS and CMS pile-up

Z decay 25 primary vertices

𝑷𝑼 = 𝓛 $ 𝝈 $ 𝝉 =

2 $ 10"#×80 $ 10$%&×25 $ 10$' = 𝟒𝟎

[actually, the pile up depends on the 
number of protons per bunch]

Pile-up = mean number of proton interactions per crossing 
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LHC: the Detectors
Installed in 26.7 km LEP tunnel
Depth of 70-140 m

SPS ring

CMS

ALICE

ATLAS

LHCb

Control Room

LHC ring
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LHCb detector

q it is specialized for B physics
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LHCb detector

How lumininosity is lowered in LHCb
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ALICE Detector
A Large Ion Collider Experiment

It is specialised for 
heavy ion collisions

A Pb-Pb collision in Alice.
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Production cross-section at LHC

ATLAS & CMS: Strong Interactions and New Physics                     S.Bethke, MPP München                    Bormio 2016 6

production cross sections at the LHC
proton - (anti-)proton cross sections

total cross section: 
108 evts/s (dominated  
by strong interaction)

max. read-out: 
~ 103 evts/sec

O(1) top-event/sec

O(1) Higgs/min

L(2016)=1034 cm-2s-1 è x 10 the ev/s
1 nb

1 μb

1 mb

1 pb

1 fb

Background is around here

Rare events/interesting events
are around here

(QCD bg)

We need a very high background rejection capabilityWe need a very high luminosity

σ!"#"$ =!1 b=10-24 cm2
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General Purpose Detectors: ATLAS and CMS
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ATLAS and CMS: comparison
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Comparison of Atlas and CMS

B. 40 at CERN
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On the ATLAS control room wall

Control room
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The ATLAS detector

View of the endcap calorimeter
before insertion

Barrel toroid superconducting
coils
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The Atlas detector: scheme
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The Atlas detector: inner tracker

Slide fro
m

P. Bagnaia
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The Atlas detector: calorimeters

Slide fro
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The Atlas detector: ecal
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The Atlas detector: e id and measurement

Slide fro
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The Atlas detector: hcal

Slide fro
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The Atlas detector: muon spectrometer

NSW in 2022
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The Atlas detector: MDT chamber
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The CMS detector
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The CMS detector: view
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The CMS detector: scheme
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The CMS detector: inner tracker
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The CMS detector: ecal
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The CMS detector: hcal
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The CMS detector: muon spectrometer
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Detector comparison: structure
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Detector comparison: resolutions
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Detector comparison: magnetic spectrometers
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Detector performances: Z à e+e-
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Detector performances: Z à μ+μ-
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Detector performances: J/Ψ à μ+μ-

Slide fro
m

P. Bagnaia



Claudio Luci – Collider  Particle Physics – Chapter 11 61

Detector performances: silicon trackers
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Detector performances: vertex resolution
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Detector performances: ecal
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Detector performances: π0, ηàγγ
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Detector performances: jet resolution
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Detector performances: Atlas muon spectrometer
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Detector performances: invariant mass μ+μ- 
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Detector performances: W à l ν 
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q Trigger of interesting events at the LHC is much more complicated than at e+e- machines.
Ø  At any crossing of the two beams we have proton-proton collision, therefore the interaction rate is 40 MHz
Ø  At any crossing we have more than one proton-proton collision --> pile up around 50 or more at Run3

q The maximum recording rate depends on the computing I/O technology. 
Ø  currently with event size about 1-2 MB we can record event at a rate of 1-2 kHz (it was 100 Hz in Run1).
Ø  Therefore the trigger system has to reduce the rate from 40 MHz down to 1-2 kHz: a reduction factor of ~104.
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Trigger Concept

q Trigger will cut “physics events”. The challenge is to select the “good” one with the hope/design not to cut the 
unknown/new events, for instance long living particles decaying in the middle of the detector.

q The time between collisions is 25 ns … too short to have a synchronous L1 trigger. 
Ø  The L1 latency is about a few μs, including time needed for signal transmission. Trigger/DAQ electronics could be as far as 

100 m from the the Front End electronics, corresponding to about 0.5 μs of transmission time.
Ø  A series of pipelines/buffer have been introduced to allow enough time for having a trigger decision. With a latency of 2.5  

μs at L1, a buffer with a depth of at least 2500/25=100 is needed to contain events relative to 100 bunch crossing.

q Trigger detectors/electronics must have the capability to identify the bunch crossing that actually gave the 
trigger à fast detector (like RPC with a resolution time of 2-3 ns) or electronics tricks in other cases.

q Usually the trigger system has been implemented as a two stage trigger.
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Example: ATLAS DAQ/Trigger overview

Farm of many PCs, running software 
algorithm to filter the events according
to predefined trigger menu.

L1 trigger is based on muon
and calorimeter information.
Inner tracker is not used
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LHC bunch structure

The trigger must know
in which BCID should
expect a collision.

Maximum number of 
bunches in LHC: 2800;
in 2022: ~ 2400 bunches

Bunch structure is 
defined in the PS
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Detector performances: trigger thresholds 
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Detector performances: muon trigger level-1 
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ATLAS: L1 Muon Trigger

Barrel

Efficiency x geometrical acceptance

Trigger efficiency as a 
function of time



q A trigger has to be as efficient as possible down to the lowest possible threshold
q On the other hand the trigger rate as to be kept under controll à that implies higher trigger thresholds
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ATLAS: L1 Muon Trigger rate (an example)

q A compromise between these two conflicting requirements has to be found.
q The trigger menu is changed online (adjusting prescaling factor) as a function of the LHC instantaneous luminosity.
q In any case, for HL-LHC, all trigger electronics will be changed in order to accommodate a L1 rate of ~ 1 MHz.

(not prescaled threshold)(prescaled threshold)
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ATLAS: 2 jets ; pT ≈ 2 TeV
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CMS: multijet event
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CMS: W à eν
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ATLAS: vvvvvvvvvvvv      
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ATLAS:  vvvvvvvvvvvvvvvv
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ATLAS: H à W+W-à e+ ν , μ- ν
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ATLAS:  vvvvvvvv 
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ATLAS:   vvvv
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CMS:   vvvv
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ATLAS Run-3: J/Ψ à e+e- 
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ATLAS Run3: Z à μ+μ-
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ATLAS Run3: heavy ion collision



End of chapter 11
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End


