OV

\
UNIVERSIDAD
N IBEROAMERICANA
CIUDAD DE MEXICO

Simulating the Forward Calorimeter
for Luminosity Measturements'in CMS

Student: Pablo Villasefor-Inda
Supervisor: Alexey Shevelev

In collaboration with:
Cristina Oropeza Barrera
Jingyu Luo

(C\ERN& IBERO - Simulating the Forward Calorimeter for Luminosity Mgasurements'in CMS | Pablo VillasefiorInda | '8.8.24
CIUDAD DE MEXICO




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

CMS/| [BRIL

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




Context review:|the LHC

& the CMS experiment

The CERN accelerator complex
Complexe des accélérateurs du CERN
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator // n_TOF - Neutrons Time Of Flight //
HiRadMat - High-Radiation to Materials
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Context review: the LHC & |the CMS experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm?*) ~1.9 m* ~124M channels
Overall length :28.7m Microstrips (80-180 pm) ~200 m* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
" Silicon strips ~16 m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
E A 7 = 5 ~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SketchUpCMS

Particle collisions in

& experiments

A lagrangian determined by the
principles of the theory of special
relativity, quantum field theory and
local gauge invariance.

Feynman diagrams for scatterings Predictions of cross sections
and decays representing the and decay (production) rates

possible interactions and dynamics are the main observable
of matter particles. quantities in experiments.
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Particle collisions in theory & experiments

-®

pp collision
(qq, gg or qg) proton protén
> ~
LA /,.\
9 10 @ 19 @
~10° protons — 100! 100! — it
R l.‘ | |...| —_— Poirt
per bunch Y'Y ) Y'Y X
\ /
\./ \\./I
paquetes de protones
1\ 17y 1y oy |I | ll \| :
— 1 (I I " '| | " vy Bunch crossing frequency of 40 MHz
N \ I} \ 1 \ 1 \ \/
/ \N/ .. .
“’ 25 ns 25 s 25ns 251 ~50 pp collisions per bunch crossing
trenes 9 L
~10° collisions per second
~10? bunches circulating in the LHC 222
CMS /| |BRIL

@ IBERO

CIUDAD DE MEXICO

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




What is luminosity?

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

Instantaneous luminosity

Rate at which particles are
brought together to collide.

YNy f
L) = 41 B*ey,
dN

Integrated luminosity

Measure of the accumulated

number of collisions over time.

© 0 0 ©

It is essential for:

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.

...but very tricky to determine experimentally.
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How is luminosity measured?

CMS Average Pileup (pp, Vs=13 TeV)
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BRIL: Beam Radiation, Instrumentation, and Luminosity Pileup

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

Overview of the process:

Compute HF
occupancy with
zero counting

Generate Add pileup (PU) with Create an HcalTuple to Convert tuple into HF

single-neutrino minimum bias events emulate ADC like tower hit counts
(SN) events QIE10Digi chips and E values
Compute avg. E;
deposited in the HF
- CMS ! |BRIL
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Simulating the HF for luminosity measurements in CMS

Preliminary tryouts with low statistics.
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