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Standard Model of Particle Physics
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Scientific theory that classifieselementaryparticlesinto distinct categoriesjncluding quarks and , and that explainshow
fundamentaparticlesinteractthroughforces

T>o

T>

Leadsto numerousexperimentatonfirmations,ncludingthe Higgs mechanisnto explainthe origin of particlemasses

T>

It doesnot incorporategravity andis unableto explaindark energyor dark matter, leaving a significant portion of the universe's
compositionandfundamentaforcesunaccountedor.
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Axion Particle

The Axion Particle is a Promising Solution to the CP
, Problem:

P "%XION S AWhy in experimentno CP violation was observedfor the
2 s stronginterractionswvhile thetheorypredictit?

APecceiQuinn proposedas a theory that could resolvethis
problem

AThe Axions particles are scalar particle resulting from
PecceiQuinn symmetry breaking with light and weakly
interactingproperties

/Axions can interact with photons due to Axion-photon
coupling phenomenonwhich arises from the Axion's
interactionwith the electromagnetiéeld.
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argeHadronCollider ( )

AThew o r lladhésmndmostpowerful particleaccelerator

AFirst startedup on 10 Septembe2008

AConsistsof a 27-kilometre ring of superconductingmagnetsand
locatedin a depthof 100m.

AConsistsof numberof acceleratingstructuresto boostthe energyof
the particlesalongtheway.

A2 high-energyparticle beamg(p-p) travel at closeto the speedof light
beforetheyaremadeto collidein oppositedirection

Large Hadron Collider

The two beams cross at four collision points which are the locations of the four
major experiments of the LHC:
AGeneralistietectors
the Standardlodel.
A : specialized in heavion physics : measure and verify the predictions
of quantum chromodynamics and the state of matter in primanahies.

A : study the b quarks allows to explore the differences between matter
and antimatter.
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: : measure and test the predictions made by,




oroidal LHC Apparatis ( )

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ASeeksa broadrangeof particlephysicsfrom the Higgs bosonto signsof
newphysics

A25 m high and 44 m long symmetriccylinder, with a weight of 7000
tons

AConsists of different detecting subsystems arranged in layers
aroundtheinteractionpoint

Aln order,from innermosto outermostthesesub-detectorsnclude
to detectthe chargedparticles traces and

vertices
to measurgarticleenergy
to determinghe muontrajectories . .
Alncludes a solenoidal and toroidal magnet assemblyproducing the & Mc','gne,s SO,Q"O;L, ¥ognel gk i ,ix:;, W

magnetidields C measurehe momentunof chargedarticles
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 Motivation

AExploreunconstrained 0 parametespaced-or:
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Challenges

A Low decay width that poses a significant

challengefor the detectionof Axions in photon

decaychannels3 S—g‘i S
A Axion like particles(ALPs) haslong life time:
A Might decay=loseto the Calorimeter
A Detectordesignand photonreconstructioris

optimizedfor photonsfrom primaryvertex
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Event selection

A Preselection

Adiphotontriggers
AO1 reconstructed®V
AO2 photonswith i) >15GeVand| & R.37 (calocrackexcluded)
Atrack basedsolation with arelativeisolationparameter m <0.05
A Photon ID based onAtificial Neural Networks (ANNS):
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Event categorization

AEachphoton gets one of 3 labels:

A merged(ANN1 > 0.98, ANN2 > 0.5,
Itight)

n | i
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Backgroundestimation

Long lived: . Using a sideband Long lived: . Using a sidebandin & A Prompt Consideringonly 4S casewith
in 6 distribution to fit the background distribution to fit the backgroundcontributon ~ & > 5GeV becauseof the low
cpntnbutlpn in [100 150 GeV, excluding in [85, 150] GeV and[90, 150 GeV for 3S and statistics dug to harsherrejection of
signalregionbasedn data fakephotonsignatures

A FEit functionsused 4S respectivelyexcludingsignalregion A _ _ _ _

A 2Sand1M1S: Landaudistribution A Fit functionsused '[L:]selgg a Z?ISSIddebanSch;'[e;[:Sroacthth
A 2M: Polynomialof 3rd order A polynomialof 3rd order '
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