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The Standard Model

O Physics Beyond the Standard Model (BSM)
IS crucial to expand the existing theory and
explain phenomena that the Standard
Model cannot

O The search for BSM Physics can be
pursued through experiments like ATLAS at
the LHC accelerator complex




The Large Hadron Collider
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The ATLAS experiment

ATLAS is a multipurpose detector designed to study Higgs boson physics, make precision measurements for
deviations from the Standard Model, and search for Beyond Standard Model particles, particularly in the Higgs sector

The ATLAS detector is composed by
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Liquid Argon Calorimeter

O Since we have photon in final state we need good calorimeter to detect
them — Liquid Argon Calorimeter (LAr)
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Entries per 5x5 GeV?

O For more detail see Christian’s slides
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O For Run 3 we have higher instantaneous luminosity and number of p-p 250 10°
collisions per bunch crossing 200
O Only a small fraction of events are relevant for physics studies 150 10°
100
O Need to improve the background rejection at first level trigger to keep the 5oL 10
same trigger rate (100 KHz) S
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Legacy trigger Digital Trigger Sum of Cells E [GeV]

Trigger Towers O Digital trigger system offers four-layer information and

Super Cells :
P 10xgranularity

AnxA® = 0.1x0.1

o0 O But we would like to make sure that new system works
as expected. Need to compare with main readout

Layer 2
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zo O Main readout path: Front-End Boards send cell by cell
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0 iInformation to Read Out Drivers
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During my qualification period | contributed to development of the needed software tools for LAr Data Quality, data taking and
analysis with a focus on problematic super cell channels

Layer 0
AnxA® = 0.1x0.1



https://indico.in2p3.fr/event/33415/contributions/146298/

Particle identification
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O Energy and momentum of particles are recored as a hits in the tracker and in the muon
spectrometer, and energy deposits in calorimeters are reconstructed from these informations.

O Physics objects - photon, electron, muon, hadrons, jets

O Do not detected neutrino, but can calculate E7°° = — Z Pr

I=e,u,..




Photon Identification
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O Photon identification in ATLAS uses cuts on calorimetric variables to effectively separate photons from fake signatures

O Shower shapes - discriminating variables derived from the particle shower shapes in the electromagnetic and
hadronic calorimeters




Photon Identification

O In order to have good agreement between data and mc20a, TightID, Nonlso, 0.6 <|n|<0.8

simulations we should have same efficiency of identification > [ ' ' ' T
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Photon Identification

Zeey and Zuuy

mc20a, TightID, Nonlso, 0.0 < |n| < 0.6 : :
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O |D Efficiency are different but Fast sim/Full sim ratio is supposed to be the same for all photons

© Samples: Zeey, Zuuy and Direct photon production (DP)
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— Unconverted Photons—
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O The photon reconstruction algorithm allows to reconstruct
photons even when they convert into e “e™ pairs

O Good agreement for unconverted photons from different
processes: Zeey, Zuuy and DP

O Discrepancy in low pt between Zlly and Direct photon production

O Discrepancy at reconstruction level for converted DP. Something
Is weird in AF simulation.

O Agreement above 20 GeV

O SFs were provided for everyone. Can use it physics analysis




MOﬂVﬂﬂOﬂ o Many theoretical BSM models predict the existence of

new scalar particles in the Higgs sector, denoted as X and

> S S, which could be produced in proton-proton collisions in
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o Searches for such particles have been conducted by several analysis teams in the ATLAS and CMS experiments

o Analysis with Run 2 data reported a local (global) excess of 3.5 (2.0) for my, m¢ = (575, 200) GeV compared to the
background only hypothesis in the decay channel

o Follow-up on the excess seen in the Run2 data using Run2 + partial Run3 dataset



https://indico.in2p3.fr/event/33415/contributions/146423/
https://cds.cern.ch/record/2895971
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Parametrised neural network

Individual networks Single network trained with
with parameters 0, input features and parameter

O Parametrised Neural Network (PNN) is an appropriate approach for this
=6, search which targets a large phase space of signals that differ from each

- other by 2 parameter m, and mig

X1
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0 discriminate signal from background and a set of parameters (0). Alternatively,
X a standard NN is only trained on Xx.
=0, Jx1,x2,6) o
X2
xl f( ) _SQ 1075""|""|'"'I""I""I'"'IIIII|IIII||||||||||§ _,UE) 107§||A;qulélvlvllkl.l|l;llI|IIII|IIII||||||||||||||||||||§
b(X1,X2 c i _ _ ] 0 - ork in Progress g iot 1121 1
- L%D 106;_ ATLAS Work in Progress . - | yy-ljjets 283.3 T (0Pl 5 =13.6 TeV, 58.6 quSing|eW|_|-%eg: o
- Is=13TeV, 140 fb" [JSingle Higgs 17.0 = X—>SH-»bbyy Total 184 -
> e 105;_ X—>SH—bbyy [] HH 1.7 105;_ SR 7~ Uncertainty _
o : = SR ] thyy 0.1 i = Post-CR-Fit E
X; and X, - input variables il PostCRAFit rotal 3021 o -
: 7. Uncertainty 5 S -
Training Setup: 0E E
. . 10° =
O Train two different PNN for Run2 and Run3 & .94 “&+oH ;
iogee (o =
O : . =1 .
Input variables: m,,, _

m]j‘bw = My, — (My, — 125 GeV), 0 = (my, my)

O Final PNN score is used in binned likelihood to
estimate limits and significance

—_k
) o
|

_IIII| I IIIIIII| I IIIIIII| I

0O 01 02 03 04 05 06 07 08 09 1 7 0
PNN(mX=575 GeV, m =200 GeV) PNN(m =575 GeV, m




Analysis strategy

Invariant photon mass distribution PNN distribution
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© Main background yy + jets (non resonant)

o Signal Region (SR) with mass window m,, € [120,130]

o Control Region (CR) withm,, < 120 and m,,, > 130 is used to correct the normalisation of yy + jets
144 144 44

o Fitis blinded, we use simulation instead of data in SR

o Fitting the PNN distribution in the SR

o Fits are made without systematic uncertainties at the moment




Limit Run 2 + Run 3 Combinations for my =

0.111 fb 0.160 fb 0.247 fb 0.391 fb 0.602 fb

600, mg = 200

ATLAS Work in Progress \/E = 13 13. 6 140 58 6 fo~!
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Run 2 0O 0204 06 08 1 12 14 16 1.8 2 2.2

95% CL limit on XXX

O Difference of around 3% in median limit value for run 2 vs published run 2
o Consistent with difference in yields b/w previous analysis and new analysis

O Adding partial Run 3 to Run 2 resulted in an improvement of around 20%




Ratio of Run 2 + Run 3 expected to published limits
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o Ratio of the 95% CL upper limits on the signal strength from the current Run 2 plus partial Run 3 analysis to
those from the previous Run 2 result

o Adding partitial Run 3 to Run 2 resulted in an improvement 2 - 50 %




Summary

o Qualification Task in LAr Data Quality:
o Doing LADIeS(LAr Data Investigation and Signoff) shifts

o Developing the tools used for DQ assessment. Contribute to the study of the DT
performance

o Photon identification:

o Retrieving photon MC-to-MC SFs between Full and Fast Simulation
o Physics Analysis:

o Moving PNN from legacy software to new one. PNN Validation.

o Data/MC comparison. Combined fit results







