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σtt̄ = 850 ± 3(stat.) ± 18(syst.) ± 20(lumi.) pb

What is luminosity and why is it important?
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more precise and accurate luminosity  
 

more precise physics measurement 
⇓

N = σ ⋅ Lint

number of events

cross section

integrated luminosity

How often does a process happen? 

What is the cross section of the process?

ATL-PHYS-PUB-2021-032

 as a function of σtt̄ s

arXiv:2308.09529

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-032/
https://arxiv.org/abs/2308.09529
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Luminosity in ATLAS

Track Counting (TC)

Calorimeter measurements

LUCID

How is luminosity measured in ATLAS? 

Detectors measure a quantity proportional to luminosity

CMS

ALICE
ATLAS

LHCb
LHC

SPS

PSp
Pb

ATLAS
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Luminosity in ATLAS

• Inner Detector: luminosity proportional to the 
number of tracks per bunch-crossing 

• per-bunch luminosity: yes but statistically limited

• LAr (ECAL and FCAL): luminosity proportional 
to total ionisation current 

• Tile calorimeter: luminosity proportional to 
current drawn by PMT 

• per-bunch luminosity: no, only bunch-integrated

• luminosity proportional to number of hits per 
bunch-crossing  

• particle detection based on Cherenkov radiation 

• per-bunch luminosity: yes

LUCID

Track counting (TC)

Calorimeter measurements



Luminosity determination in 3 steps

Step 1 - Absolute luminosity calibration 

van der Meer scans in special conditions 

 

Step 2 - Calibration transfer 

calibration transfer from vdM conditions to physics conditions 

 

Step 3 - Long term stability 

stability of the calibration over time

⇓

⇓
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Run 2 luminosity paper: 
arXiv:2212.09379 

https://arxiv.org/abs/2212.09379


Step 1 - Absolute luminosity calibration
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Absolute luminosity calibration
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L = μvis fr
σvis

LUCID 
measures we know

constant we 
need to find

L = n1n2 fr
2πΣxΣy

measure with LHC 
instrumentation we know

from van der Meer analysis !!!

 = instantaneous luminosity 
 = revolution frequency at LHC = 11.245 kHz 

 = visible interaction rate of a given algorithms/luminometer 
 = visible pp cross section of that algorithm/luminometer

L
fr
μvis

σvis

σvis =
2πΣxΣyμvis

n1n2 fr

 = number of protons in the bunch of beam i 
 = convolved beam width in plane k

ni

Σk



What are van der Meer scans?

A van der Meer scan is a transverse scan of beams 
through each other performed in special runs

Interaction rates are measured at different 
separation of the beams

Special conditions: isolated low intensity bunches, 
low pileup, small number of bunches, no crossing 

angle
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What are van der Meer scans?

A van der Meer scan is a transverse scan of beams 
through each other performed in special runs

Special conditions: isolated low intensity bunches, 
low pileup, small number of bunches, no crossing 

angle
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Real scan curve
ATL-DAPR-PUB-2023-001

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/


How to calibrate the absolute luminosity?
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Peak = μmax
vis

Σx = 1
2π

∫ μvis(δ)dδ
μmax

visμmax
vis

plot rate vs separation 
 

make a fit 
 

extract ,  and  

 

⇓

⇓
Σx Σy μmax

vis

⇓

σvis =
2πΣxΣyμmax

vis

n1n2 fr

ΣxΣyμmax
vis

Rates and beam-beam 
separations need to be 
corrected for several 

effects before extracting a 
precise σvis

vdM methodology assumes that 
the beams are factorisable in x 

and y plane: 

μvis(x, y) = μvis(x)μvis(y)



van der Meer scans - corrections
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• Non-factorisation correction  

• Length Scale Calibration correction  

• Beam-Beam corrections 

• Ghost and satellite charge corrections 

• Background subtraction 

• Orbit Drift Correction 

• Emittance growth correction  

• Bunch current offset Si
ze

 o
f t

he
 c

or
re

ct
io

n 
in

 2
02

2



13:00 15:00 17:00 19:00 21:00 23:00

Time at peak

105

110

115

120

125

130

135

 [
m

]

30 June 2018

O� axis scans

-0.92 μm/h 

Σx

Σy

 0.57 μm/h 

ATLAS Preliminary

van der Meer scans - non-factorisation effects
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on-/off-axis scans

2022 2018

A hint of how big the non-factorisation effects are can be obtained by comparing 
the off-axis scans with the on-axis scans 

2022: Significant non-factorisation 2018: Little non-factorisation 
ATL-DAPR-PUB-2023-001 PLOT-LUMI-2023-05

corr ~0.3%corr ~1-2%

tim
e

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/


Preliminary van der Meer scan uncertainty 2022
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Non-factorisation effects 1.1%

Bunch-by-bunch consistency 0.5%

Differences between algorithms 0.4%

Other contributions < 0.4% 0.7%
Subtotal vdM calibration 1.5%

Non-factorisation is also the dominant systematic uncertainty!

Dominant systematic uncertainties to the van der Meer analysis for 2022

Preliminary



Step 2 - Calibration transfer
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Calibration transfer
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isolated low intensity bunches 
low pileup 
small number of bunches 

no crossing angle

van der Meer scan conditions physics conditions

calibration transfer
trains of high intensity bunches 

high pileup 
high number of bunches 

with crossing angle

ATLASPublicLuminosity

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3


Calibration transfer
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• Track-counting is calibrated to LUCID luminosity during vdM quiet periods 

• Assumption: track-counting is perfectly linear from vdM conditions to high  physics regime 

• Long physics runs with large  range (~30-60) are used 

• LUCID is corrected for each run and each luminosity block (LB) in the run

μ

μ

luminosity decay 
over time due to 
lower  valuesμ

ATL-DAPR-PUB-2023-001

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/


Calibration transfer uncertainty
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• Assumption: track-counting is perfectly linear from 
vdM conditions to high  physics regime 

• Assumption cross-checked with calorimeter 
measurements 

• Calibration transfer uncertainty: deviation from this 
assumption  

• Very preliminary calibration transfer uncertainty for 
2022: 1.50%

μ

Example from Run 2

Example of track-counting calorimeter check for Run 2

arXiv:2212.09379 

low μ high μ

https://arxiv.org/abs/2212.09379


Step 3 - Long term stability
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Long term stability uncertainty
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• Check how well the different calorimeter measurements agree with LUCID over the 
different runs in the year 

• Long term stability uncertainty: largest mean deviation over all independent luminometers
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Motivation
• How stable is the luminosity calibration over different runs in a year? 

• Are the ratios between different algorithms/luminometers stable over time?

How it is done

[%]

[%
]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAPR-PUB-2023-001/


Summary of the preliminary luminosity determination in 2022
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Step 1 - Absolute luminosity calibration 
1.5% 

 
Step 2 - Calibration transfer 

1.5% 
 

Step 3 - Long term stability (and 
calibration anchoring) 

0.7% 
 

Total 
2.2%

⇓

⇓

⇓

Preliminary
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Outlook
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2023 luminosity calibration ongoing!

ATLAS got 2D van der Meer scan!

improve non-factorisation 
correction and uncertainty

Future:  
switch from 1D vdM 

analysis to 2D analysis?
PLOT-LUMI-2023-05

PLOT-LUMI-2023-05

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/LUMI-2023-05/
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Questions?
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