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Preliminary Concepts: Photons

o Single photons are produced through several processes in hard
proton-proton collisions. To the study of photon isolation, two type of
processes are of interest, both occurring at the QCD level.
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@ ATLAS Calorimeter

After going through the inner detector, incoming particles will reach the calorimeter which is composed of an
absorber material and an active media. The first one stops particles and induced the creation of a shower of
secondary-low energy particles which ionize the second media or make it radiate. Both phenomena can be
translated into a signal from which the energy of the main particle can be deduced.

4 I
Hadronic calorimeter, but with
LAr technology. Instead of lead
used in the EM calorimeter, the
absorber material is cooper.

4 N
Similar to LAr electromagnetic
barrel, but disk-shaped.

N J

( N

Accordion-shaped calorimeter
having lead as the absorber
material and LAr as the active

medium. Contains three layers

\

Tile barrel

LAr eleciromagnetic 0’
end-cap (EMEC) ——M88

LAr electromagnetic A &
barrel

Hadronic calorimeter, with steel as the
absorber and plastic scintillator as the
active )zedium. Radiation produce in the
scintillator is collected to produce a signal.

KLAr calorimeter to detect both\
hadrons and EM particles. The first
layer has an absorber cooper
media (EM) and the other two
layers have tungsten absorber

K(hadrons) /

Figure 3: G Aad and Bentvelsen. “The ATLAS Experiment at the CERN Large Hadron Collider”. In: JINST 3 (2008). Also published by CERN Geneva in 2010,
S08003. 437 p. doi: 10.1088/1748-0221/3/08/S08003. url: https://cds.cern.ch/record/1129811 (cit. on pp. 39, 40, 42, 47-53).
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Preliminary Concepts: Photon ID

e A photon candidate is defined by

cuts on the shower shape
variables.
Photons candidates are

classified as Loose or Tight.
There is an intermediate
classification, Loose’4 for
photons failing Tight due to cuts
on 4 strip shower shape variable
assumed to be uncorrelated with

isolation.
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Preliminary Concepts: Fake photons

o Prompt photons such as the prompts are characterized for their almost null
hadronic activity in their surroundings. On the contrary, fake photons(background)
usually have an important flow of energy around them.

‘S/
prompt y § i n in jet
o This hadrons also deposit their energy on the calorimeters(LAr and hadronic).

This extra energy is called isolation energy, and the method of photon isolation
consists of using this quantity to distinguish photons from fake ones.




Photon candidate on the calorimeter

AR=0.4

An incident photon candidate activates
several clusters of cells called topoclusters.

Each topocluster has a “center of energy”
called barycenter (purple dot), which defines
the center of cone of radius 0.2 or 0.4.

The total energy is the sum of all

topoclusters whose barycenter are inside the
cone.

The most energetic cell of the photon
candidate topocluster defines the center of a
mask of 7x5 cells which contains the core
energy of the photon candidate.

A small fraction of the photon energy leaks
outside the mask and needs to be subtracted
from the isolation energy.



Pileup and Pileup Profile

e Pileup is the number of proton-proton collisions besides the collision of interest
(hard collisions) which can take place within the same bunch crossing or before
and after the collisions due to the recovery time of the detectors (25 ns).

o Pileup Profile is the average number of interactions per bunch crossing ( <p> ).
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Isolation energy definition

o To find the extra energy (isolation energy), the total energy must be subtracted
by the core energy, its leakage, and pileup energy distribution.
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oR and oL -> fluctuations on leakage and pileup corrections (GeV)
M -> the peak position (GeV)
a -> “Gaussian shape” (No units)

Parameters depend on pT and <mu>!!

An ACB function is used to fit the isolation energy distribution:Signal MC
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Montecarlo Weighted PDFs: (Ft = Tight Prompt Fraction, FL = Lose Brem Fraction)
PDFMC’,tight — (FT)AOBMC,prompt,tight =+ (1 _ FT)ACBMC,brem,tight

PDFMC’,ZOOS@ — (FL)ACBMC,prompt,loose + (1 _ FL)ACBMC,brem,loose



Fitting process

e Fit the MC distributions in 4 regions (Prompt-Tight, Prompt-Loose, Brem-Tight, Brem-Loose) in
bins of p; and pileup with ACB PDF

e Fitthe fitted PDF parameters with analytical 2D functions of p. and pileup

o parameter(pT,mu) = Function(pT,mu)

e Fit MC + data simultaneously, in bins of p_ and pileup

o Cross Section weighted of MC Prompt and Brem
o MC Tight Signal: Constrained to the analytical functions, unless normalization and tight fraction
o Data: Data Tight Signal constrained to the MC Tight Signal, except peak position for MC (= data-driven shift)

e Fit the data-driven shift to get an analytical function of p_ and pileup



More PDFs and Data Driven Shift

Extended PDFs: (g = Lose Data Fraction, p = purity, f = Tight Fraction )
Assumption: PDF background is ACB

PDFMC’,prompt,tight — fNMC,promptACBMC,prompt,tight

PDFMC’,prompt,loose — (1 — f)NMC’,promptACBMC’,prompt,loose

1-f)d—gp 1-/)d—-g)
f f
PDFdata,tight — (1 _ g)(l T p>NdataPDFbkg =+ (1 o g)deataPDFsignal

PDFdata,loose — (1 _ )NdataPDFbkg + NdataPDﬂoose,signal

Definition Data Driven Shift
PDFMC’ tight — PDFMC’ tzght(,u) PDFsignal — PDFMC,tight(,u + d)

d = Data Driven Shift



Unbinned combined fit

Fit in a bin of isolation energy (a year,
a region of the calorimeter, a photon
energy, a pileup range, etc.)
6 regions: MC Prompt / MC Brem /
Data, Tight / Loose’4
MC constrained to the previous fit,
except for normalization and fraction
of Tight/Loose’4
Data
o Signal constrained to MC (except
for peak position in Tight region),
with Prompt and Brem in good
proportions
o Same background in Loose’4 and
Tight
o Fraction of Tight/Loose’4
constrained to MC value

Events /(0.5 GeV)

Events /(0.5 GeV)

MC Loose Signal
(After weighted)

MC Tight Signal
(After weighted)
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Fitting MC Distributions
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https://en.wiktionary.org/wiki/%CE%BC

oL-PromptTight Histogram-Fit

Observation: oL increases for both

2017, topoetcone40, prompt, tight, unconverted
pT and <p>.

0.00 < |n| < 0.60

Explanation: oL quantifies
fluctuations, and those increases in
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oL-PromptTight Pulls

2017, topoetcone40, prompt, tight, unconverted
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oR-PromptTight Fit Results and 1DTrends

2017, topoetcone40, prompt, tight, unconverted
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Observation: oL increases for both pT and <u>.

Explanation: same reason as for oL
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Data Driven Shifts

DDghifts
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Data Driven Shifts

DDShiftPulls




Conclusions

e In general: Add a few more parameters to the analytical functions to obtain
better p-value.

e Specifically: Use thinner bins in the MC Brem tight region to have a better
profile of the points trends for alpha distribution.

e Enlarge bins in <mu> for low-statistics bins to reduce large errors in DDshifts.

e Use the PDG procedure to rescale the confidence intervals on the DDshifts.
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