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Standard Model of Particle Physics
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Å AtomsČ Electrons+ Protons+ NeutronsČ Electrons+ Quarks + Gluons

Å Scientific theory that classifieselementaryparticlesinto distinct categories,including quarks and leptons, and that explainshow

fundamentalparticlesinteractthroughforces.

Å Leadsto numerousexperimentalconfirmations,includingtheHiggs mechanismto explaintheorigin of particlemasses.

Å It doesnot incorporategravity andis unableto explaindark energyor dark matter, leavinga significantportion of the universe's

compositionandfundamentalforcesunaccountedfor.



Axion Particle

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

ÅWhy in experimentno CP violation was observedfor the
stronginterractionswhile thetheorypredictit?

Č CPProblem

ÅPeccei-Quinn proposedas a theory that could resolvethis
problem:

Č NewsymmetrycalledthePeccei-Quinnsymmetry

ÅThe Axions particles are scalar particle resulting from
Peccei-Quinn symmetry breaking with light and weakly
interactingproperties.

ÅAxions can interact with photons due to Axion-photon
coupling phenomenon which arises from the Axion's
interactionwith theelectromagneticfield.
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Large Hadron Collider (LHC)
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ÅTheworldôslargestandmostpowerfulparticleaccelerator

ÅFirststartedupon10September2008.

ÅConsists of a 27-kilometre ring of superconductingmagnetsand

locatedin a depthof 100m.

ÅConsistsof numberof acceleratingstructuresto boost the energyof

theparticlesalongtheway.

Å2 high-energyparticlebeams(p-p) travelat closeto thespeedof light

beforetheyaremadeto collide in oppositedirection.

The two beams cross at four collision points which are the locations of the four 

major experiments of the LHC:

ÅGeneralistdetectors ATLAS , CMS: measure and test the predictions made by 

the Standard Model.

ÅALICE : specialized in heavy-ion physics : measure and verify the predictions 

of quantum chromodynamics and the state of matter in primordial times.

ÅLHCb : study the b quarks allows to explore the differences between matter 

and antimatter.
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A ToroidalLHC ApparatuS(ATLAS)
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ÅSeeksabroadrangeof particlephysics,from theHiggsbosonto signsof

newphysics

Å25 m high and 44 m long symmetriccylinder, with a weight of 7000

tons

ÅConsists of different detecting subsystems arranged in layers

aroundtheinteractionpoint.

ÅIn order,from innermostto outermost,thesesub-detectorsinclude:

VThe inner detector: to detect the chargedparticles traces and

vertices.

VCalorimeters: to measureparticleenergy.

VMuon spectrometer: to determinethemuontrajectories.

ÅIncludes a solenoidal and toroidal magnet assemblyproducing the

magneticfieldsČ measurethemomentumof chargedparticles.
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ὌᴼὥὥO τ‎: Motivation

ÅExploreunconstrainedά ὅ parameterspaceFor :

Å(gg)ὌŸὥὥŸɔɔɔɔ

Å0.5 GeVÒά Ò62 GeV

Å1e-5Òὅ Ò1

ÅDerive upper limits on ALP cross-section &
excludingά ὅ combinations

ÅTry to explain the anomalousmagnetic moment of the
muonby Axion-like particlesthatcoupleto photonsandthe
Higgs
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Challenges
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Å Low decay width that poses a significant

challengefor the detectionof Axions in photon

decaychannels:ɜ
ȿ

ȿὅ ȿ

Å Axion like particles(ALPs) haslong life time:

Å Might decayscloseto theCalorimeter

Å Detectordesignandphotonreconstructionis

optimizedfor photonsfrom primaryvertex

Č Reducedreconstructionand identification

efficiency



Event selection

ÅANN1: realvs. fakephotons:
ÅSignal: HŸaa,H Ÿɔɔ

ÅBackground: selected data with
photons with ὴ > 15 GeV, and
loosnessisolation ,ά > 60 GeV
(Higgsregionexcluded)

ÅANN2: mergedvs. singlephotons:
ÅSignal: HŸaaŸ4ɔmergedphotons

ÅBackground: HŸaaŸ4ɔ single
photons
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Å Preselection:
Ådiphotontriggers

ÅÓ1 reconstructedPV

ÅÓ2 photonswithὴ > 15 GeVand|ɖ|< 2.37 (calocrackexcluded)

Åtrackbasedisolation: with a relativeisolationparameterὴ /ὴ < 0.05

Å Photon ID based on 2 Artificial Neural Networks (ANNs):



Event categorization

ÅEach photon gets one of 3 labels:

Åmerged(ANN1 > 0.98, ANN2 > 0.5, 
!tight)

Åloose

Åtight

ÅResultingin 5 categories:

Å4S: 4 loose photons, at least 1 (3) tight 
photon

Å3S: 2 tight + 1 loose (3 tight) photons

Å2M: 2 mergedphotons

Å1M1S: 1 merged + 1 loose photon

Å2S: 2 tight photons
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Background estimation
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Long lived: 2S,1M1S,2M: Using a sideband

in ά distribution to fit the background

contribution in [100, 150] GeV, excluding

signalregionbasedondata

Å Fit functionsused:
Å 2Sand1M1S: Landaudistribution

Å 2M: Polynomialof 3rd order

Long lived: 3S,4S: Using a sidebandin ά

distribution to fit the backgroundcontribution

in [85, 150] GeV and[90, 150] GeV for 3S and

4S respectively,excludingsignalregion

Å Fit functionsused:

Å polynomialof 3rd order

Å Prompt: Consideringonly 4S casewith

ά > 5GeV becauseof the low

statistics due to harsher rejection of

fakephotonsignatures

Å Using a 2D sidebandfit approachwith

theά vs.ά spectra


