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... Physics phenomenon



Higgs boson physics

 ATLAS and CMS collaborations proved
the existence of the Higgs boson (H) in
2012

* More than ten years later, some aspects
of the Higgs sector of the Standard
Model need to be cleared out yet

* H bosons decay almost instantaneously
(~10-22 s) in a large variety channels,
most of which have been discovered

* Searching for rare decays of H helps
finding coupling constants and possible
extensions of the SM
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Theraredecay H —» yy™ = £{fy

* The rare channel of interest consistsinan H
decay in photon pair, where one photon is off-
shell and decays in a lepton pair

* The lepton pair could be a muon-antimuon or
electron-positron

* [tis common for electron pairs to be really
close being detected as a single particle
(merged electrons M.E.)

* This decay has been measured with a
significance of 3.20 in the previous analysis
during Run 2 (2015-2018)




... The ATLAS experiment



The Large Hadron Collider (LHC)

CERN's Accelerator Complex

 LHC is the largest particle
acceleratorinthe CERN
experimental complex at Geneve,
Switzterland (27 km long ring)

ALICE — LHCb
s TT40 Wy

* [tis designed to have proton-proton st
(pp) collisions at a center-of-mass M g s ‘
energy of 13.6 TeV at Run 3 (2022- e e Bt i ot

2026)




The ATLAS experiment

It is composed of many layers — " ~
of detectors around an :
interaction point, in cylindrical ... "
shape:

1. Inner detector
2. Electromagnetic and

hadronic calorimeters o
(EMC and HC)
-;.I Tile clorimefers
3. Magnet system (solenoid L= -f LAr hadronic end-cap and
an d b arre l /e n d ca p s \ ‘ S S— .. forward calorimeters
e Toroid magnets LAr eleciromagnetic calorimeters
tO I’O | d S) Muoh chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

4. Muon spectrometer



Reconstruction of particles in the EMC

* The EMC is designed to absorb photons and b
electrons produced by collision events
(destructive measure)

 Photons and electrons interact in the EMC
generating EM showers of particles, so their
energy is deposited in a cluster of spacial p
cells ¢ :*1"25 =

* Reconstruction algorithms are used to ‘
distinguish between electrons and photons ) ~ = f
candidates and to measure the energy of the L
original particles starting from the clusters

* There are ambiguous cases that need to be
resolved

Jger
Wer

3 0‘0982

Square towers in
Sampling 2




Reconstruction of merged electrons

* |n case of merged electrons, two clusters of

deposited energy overlap
resolved

* Merged electrons are reconstructed as clusters
particles with a single energy cluster (in the
EMC) and two separated tracks (in the inner

detector)

 The standard ATLAS electron ID is not \/
optimal for merged electrons

y*—ee

merged
cluster

r*—ee

* Anew ID could increase performance and
help collecting more H — yy*™ — ¥y data




... BDT algorithm



Training data: simulated signal candidates

 Use simulated data beacuse every aspect of generated events is known!

Simulate 13.6 TeV pp I Select events of - Simulate the |
collision H — yy* decays interaction with I
[ ATLAS detectors and
| reconstruction

e

Data used to train a BDT model
Select events where

Production of particles .
from collision » ngiiggjggs are

Same procedure applies for simulated background samples



Simulated background samples

* Fake candidates: objects reconstructed similarly to merged
electrons by the detectors

* Jet Filter (JF) sample: it consists of di-jets of hadrons from Higgs
decay

* H — yy photon decay samples: one sample with Higgs produced
via gluon-gluon fusion (ggH), one via vector boson fusion (VBFH)



Selections on training data

Signal sample: JF bkg sample: Photon bkg samples:
 Kinematic selections,  Kinematic selections,  Kinematic selections,
pr > 10 GeV and pr > 10 GeV and |n| < pr > 10 GeV and
In| < 2.37 2.37 In| < 2.37
* Select candidates * Loose identification * Loose identification
matchlng toy” from * Select electrons * Select y coming from
iggs decay coming from y: thisis Higgs: this is done to
* Loose identification done to exclude non- exclude dalitz decays
resonantyy” from sample

irreducibile bkg



Boosted decision tree (BDT) model

* Split samples in 50% for training /\
and 50% for testing the model

* Set hyperparameters for the /\ /\

model (hum_leaves, .
early_stopping, etc...) /\
e Train a BDT model using classifier S B i e

06 valid_0

class from LightGBM package,
developed by Peking University
and Microsoft corporation
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Feature distributions

* 17 discriminating features used: shower shape variables from the EMC, track
related variables from the inner detector

* The more the feature distributions are different, the more the BDT model will
be capable of discriminating signal and bkg candidates
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Training results on test sample

* Each candidate has been assigned a prediction score from 0 (bkg) to 1

(signal)
 Set athreshold value for the score to define a BDT identification

 Compare the signal efficiency of the BDT ID with the identification used in the

previous Run 2 analysis (passPID)

Score comparison for different backgrounds
(frequency normalized on event count)
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Significance on sidebands

Comparison between Run 2 and new BDT selections cat 3

800 1 E B Run2 ID

* Bkg samples used for training not have an B =1 new ID (BDT)
arbirtary composition of particle, it does not
reflect real data

* New test: BDT ID and passPID are applied to
a sidebands bkg sample composed of real 3001
data and to a simulated signal sample =

* The sample is blinded: events in a range of 0. | ,
invariant mass near 125 GeV are removed, in o 72
order to exclude possible signal that would

induce bias S

Frequency

* Fit are performed to calculate an estimate of Z = \/_E
the number of events S and B, respectively
for signal and bkg, with each ID



Significance Z,, results

* The datasets are classified in a total of 9 categories, distinguished by flavor, by

kinematics and by the production mode of the Higgs

* Fits and calculation of significance are performed to each category separately

 BDT ID differs from the passPID only on merged electron categories, by

construction

passPI1D identification
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Conclusions

* Aworking point ensuring the same background efficiency of the one from the
passPID merged electron ID has been tuned on the test sample showing an
improvement on signal efficiency of 51%

* The performance of the BDT algorithm has been tested on a real data in my,
sidebands reporting a potential improvement of the 26% in significance (from
1.27 6 to 1.60 o).

* When accounting also for muon and resolved electron candidates, that keep
their identification method unchanged, the overall increase in expected
significance is 8%, 2.28 cto 2.48 ¢

* The new BDT ID has shown sizeable improvements in identification of merged
electrons, and will be used in new analyses



