
Simulating the Forward Calorimeter
for Luminosity Measurements in CMS
Student: Pablo Villaseñor Inda

Supervisor: Alexey Shevelev

In collaboration with:
Cristina Oropeza Barrera
Jingyu Luo

Simulating the Forward Calorimeter for Luminosity Measurements in CMS   |   Pablo Villaseñor Inda   |   8.8.24



Simulating the Forward Calorimeter for Luminosity Measurements in CMS   |   Pablo Villaseñor Inda   |   8.8.24

Outline

Context review: the LHC & the CMS experiment

Particle collisions in theory & experiments

What is luminosity?

How is luminosity measured?

Simulating the HF for luminosity measurements in CMS
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SketchUpCMS


Particle collisions in theory & experiments

A lagrangian determined by the 
principles of the theory of special 

relativity, quantum field theory and 
local gauge invariance.

Feynman diagrams for scatterings 
and decays representing the 

possible interactions and dynamics 
of matter particles.

Predictions of cross sections 
and decay (production) rates 

are the main observable 
quantities in experiments.
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Particle collisions in theory & experiments

~109 protons 
per bunch

~103 bunches circulating in the LHC

pp collision

(qq, gg or qg)

Bunch crossing frequency of 40 MHz

~50 pp collisions per bunch crossing

~109 collisions per second
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???
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What is luminosity?

Instantaneous luminosity

Rate at which particles are 
brought together to collide.

Integrated luminosity

Measure of the accumulated 
number of collisions over time.

A measure of how tightly packed the particles are in the beams; 
it is directly related to the number of collisions in each BX.

Monitoring beam conditions for optimization of LHC 
operations to produce the most collisions possible.

Optimization of trigger rates and quality of the beams.

Protection of the LHC machine and sensitive parts or 
sub-detectors of the experiments.

Nearly any physics analysis that will be performed on 
the resulting data.

It is essential for:
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…but very tricky to determine experimentally.
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How is luminosity measured?

BRIL: Beam Radiation, Instrumentation, and Luminosity
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Pileup

The HF can be used for luminosity measurements with two different methods: zero counting (HFOC) 
and measuring the total ET deposited in the detector (HFET).
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Simulating the HF for luminosity measurements in CMS 8

Generate 
single-neutrino 

(SN) events

Add pileup (PU) with 
minimum bias events

Create an HcalTuple to 
emulate ADC like 
QIE10Digi chips

Convert tuple into HF 
tower hit counts
and ET values 

Compute HF 
occupancy with 
zero counting

Compute avg. ET 
deposited in the HF

Overview of the process:
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ΣET
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Preliminary tryouts with low statistics.



Simulating the Forward Calorimeter for Luminosity Measurements in CMS   |   Pablo Villaseñor Inda   |   8.8.24

Simulating the Forward Calorimeter
for Luminosity Measurements in CMS

THANK YOU!! :P
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