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Introduction

Two Fundamental Parameters of Particle Colliders
• Center-of-Mass Energy: Energy available to produce

new particles or probe smaller scales.
• Luminosity: A measure of the rate at which particles

collide.

Why Do We Care About Precise Luminosity?
• Cross-Section Measurements.
• Background levels and sensitivity determination in

Beyond-the-Standard-Model Physics searches.

Online Luminosity Measurements
• LHC Machine optimization/levelling.
• Setting trigger thresholds.
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Bunch luminosity produced by a single pair of colliding bunches is given by:

Lb =
µfr
σinel

, fr : LHC revolution frequency

µ: average number of inelastic interactions per bunch crossing and σinel: pp
inelastic cross-section.

Total Instantaneous luminosity: Linst =
∑nb

b=1Lb = nb
<µ>fr
σinel

Using LCH beam parameters to derive the absolute luminosity scale
• Two colliding beams with currents n1 and n2 with Σx and Σy characterising widths of the

beam profiles,

Linst =
frn1n2

2πΣxΣy
=

frµvis

σvis
,

where σvis is the visible cross-section for any process, seeing µvis counts per bunch crossing.
• van der Meer (vdM) also known as beam separation or luminosity scans are used to

determine Linst (under low pile-up condintions).
• The obtained Linst and measured µvis are used to obtain the calibration constant σvis.
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Overview of ATLAS Luminosity Detectors

Bunch-by-bunch luminosity detectors
• Luminosity Integrating Detector (LUCID)

F Primary luminometer in ATLAS.
F Measures µvis and relates it to luminosity using Lb = µvisfr

σvis
.

F Determines calibration constant, σvis.

• Inner detector tracks
F Relates mean number of observed tracks to µvis.

Calorimeter measurements
• Tile Calorimeter (TileCal)

F Current drawn by each PMT is proportional to luminosity.

• Liquid Argon currents
F Electromagnetic (EMEC) and Forward (FCAL) Calorimeters.
F Current drawn by charged particles from the High Voltage

power supplies is proportional to luminosity.
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TileCal

Photomultiplier

Wave-length shifting fiber

Scintillator Steel

Source

tubes

Sampling calorimeter made of tiles of plastic
scintillators sandwiched between steel plates.

Vital in the reconstruction of hadrons, jets
τ -lepton hadronic decays and missing transverse
energy.

Divided into three segments along the beam
axis, η segmentation.

The barrels are segmented into 64 wedge
shaped modules, φ segmentation.

Scintillation light is transmitted by wavelength
shifting fibres to photomultiplier tubes (PMTs).
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The TileCal cells’ geometry is defined by η segmentation (∆η = 0.2 for the D
layer) and φ segmentation (∆φ = 0.1 rad).

The position of these cells influence their sensitivity and exposure of radiation.
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Primary TileCal luminosity measurements are obtained from D6 cells.

D1, D2 and D5 cells will be used for systematic comparisons.
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TileCal as a Luminometer
The Anode current (IPMT) in each PMT is proportional to luminosity.

Using the raw response of the PMTs, measured in ADC counts, IPMT is given by:

IPMT =
ADC − pedestal

Gain

• The current is proportional to the number of particles traversing a TileCal cell.
• The pedestal accounts for the electronic noise, beam-induced effects, and non-collision

background.
• Gain is the amplification factor for each PMT.

TileCal luminosity is given by:

L = α < IPMT >

• α is obtained by cross-calibrating (anchoring) Tile to track luminosity.
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Analysis Procedure
Pedestal computation Current computation Current computation

The pedestal is estimated by the mean number of ADC counts just before the
collisions.

The anchoring constant is obtained from the ratio,

α =
LTRACKS

< IPMT >module
.
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Tile Luminosities
The tile luminosity is given by:

LTile = α < IPMT >module

Linst: gives us information about the number of pp collisions per second.

Lint: the number of pp collisions in a data set.
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Long-Term Stability Study in Run 2
Run-integrated luminosities from LUCID were compared with independent
measurements from EMEC, FCAL, and Tile D6 cells.
• The calorimeter algorithm showing the largest difference sets the long-term stability

uncertainty.

Results from the Run 2 analysis.
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https://cds.cern.ch/record/2836219/files/DAPR-2021-01-001.pdf?


First Look into Long-Term Stability using Early Run 3 Data
All runs in 2022 data set are anchored to Run 435816.

Only LB with valid instantaneous luminosity values in both the tracks and tile
data are used in computing the run-integrated luminosity.
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Tile calorimeter employs a laser calibration system to monitor and correct for
variations in PMT responses.
• The raw ADC response used in this analysis will be corrected using the laser calibration

constants .
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Conclusion and Outlook

Accurate luminosity measurements are crucial for various aspects of particle
physics research.

The Tile Calorimeter in the ATLAS detector plays a vital role in providing
luminosity information.

Long-term stability studies are essential to ensure the reliability of luminosity
measurements over extended periods.

Early Run 3 data shows promising results in terms of stability, with deviations
being investigated.

Laser calibration system corrections will enhance the accuracy of luminosity
measurements.
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