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Why need Electrons or Photons?
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Electron and photon
identification is

needed to select interesting
signal events.
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Excellent resolution at high p;

crucial for high mass new
phenomena searches.



Why need Electrons or Photons?
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Electron and Photon Reconstruction

Hadronic Calorimeter:
« 3 layers of scintillating tile/steel to |n|<1.7

« 4 layers copper/LAr for 1.5<|n|<3.2 third layer hadronic calorimete

Electromagnetic (EM) Calorimeter:
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Electron & Photon Clustering

EM “sliding window” fixed-size rectangular
clusters, that can be associated to tracks

* AnxAdp:y=3x5,e=3x7(Barrel) or5><5\‘~

(Endcap) cells in the middle layer

e Size is trade-off between energy leakage

and noise pickup

New Supercluster approach (2017):

* Improvement of energy resolution low E;

and high |n| due to inclusion of
bremsstrahlung energy depositions
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Supercluster

Satellite

Eraw = 16.98 GeV, E_ =17.59GeV,n__ =-0.50
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Standard candles
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Tag & Probe Method:

Strict selection for one electron (“tag”) and a looser electron (“probe”),
the di-electron invariant mass in the mass window



Shower Shape Variables L AS.CONE-2016.008

g 120 f“)a :
M o Bl = - ATLAS Preliminary —— Data
arla es an OSItlon W 100 \s=13TeV,3.2fb" EZ—eeMC —
" E;>15GeV (JCorr.Z - ee MC
Strips 2nd Had. ao | Loose probes £
Ratios f1, fide  Ry* Ry Ruad.* ol :
. * B
Widths  ws 3, Ws tor Wy 2 - of
Shapes AE: Eratio * Used in PhotonLoose. L
20 |
N:
08

EEEEEEE
EEEEEEE
EEEEEEE
—
N
o
1=
o
w
|

(73]
© 14055 ATLAS Preliminary —-Data
n g Al \s=13Tev,3.2fb" @IZ — ee MC
120 |- E;>15GeV [JCorr. Z — ee MC
B Loose probes

Had
Second Layer — ET

Er
1 Hadronic

Strips FE
~ o A _ S1
(_ fi =
E

S1 S1
o
S1
E3

ATL-COM-PHYS-2013-600 7

fside —




Shower Shape Variables
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Shower Shape Variables

Variables and Position
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Track & Track-to-Cluster Matching Variables

Entries
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020 X107 : .
200 - ATLAS Preliminary —~-Data =
180 \s=13TeV,3.2f0" EZ—»eeMC =
- E.>15GeV JCorr. Z — ee MC 3
160 | T 3
- Loose probes ]
140 — —
120 =
100 | =
80 [ =
60 [ =
40 [ =
20 =
ok 3
-0.01 -0.005 0.005 0.01
An,
300X103|||||| """" LR B
- ATLAS Preliminary - Data |
250 - \s=13TeV,3.2fb" @Z —eeMC ]
- E;>15GeV .
200 [ Loose probes i
150 [ -
100 - N
50 |- N
ok .
-0.5 -0.4 -0.3 -0.2 -0.1 01 02 03 04 05

o
S

T T T T T T T T T T

ATLAS Preliminary
\s=13TeV, 3.2 o
E;>15GeV
Loose probes

- Data
mZ —eeMC

0
-1 -0.5 0 0.5
X'1'0'3‘| T T T L B B
140 ATLAS Preliminary— Data 3
\s=13TeV,3.2fbf@@Z — ee MC 1
120 E;>15GeV .
Loose probes 7
100 .
80 -
60 -
40 —
20 -
0 . .
0o 1 2 3 4 5 6 7 8 9 10
dy/ oy

IHIlIIlIlIIII‘IIIIlHIIlIIIIlIII\JIIII'Illllt

Ap/p

© ¥20-9T0C-ANOD-SV 11V

=



Transition Radiation
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Electron Identification

Electrons: Likelihood discriminant
(L) using Probability Density
Functions (PDFs) constructed from
the shower shape, track and track-
to-cluster matching variables

d=L/(LA+L,)

* d,cut depends on E;, n and
number primary vertices; input
PDFs are corrected for known

mis-modelings

* Input set variables vary with E;
(e.g. f; is not used above 100 GeV)

* Three operating points

loose/medium/tight (subset of

each other)

Identification Efficiency

Identification Efficiency
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Isolation
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Electron Efficiencies: Tag & Probe

Efficiencies measured in data (e4,,,) and Monte Carlo simulation (g,¢) following the
same procedure

Tag & probe Z—ee for p;>15GeV and J/y—ee for p;<20GeV
Only selected probes are used for the efficiency measurement after proper background
subtraction ATLAS-CONF-2016-024
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Combined Electron Efficiencies
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Electron ID efficiencies (2)

Data/ MC
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Isolation Efficiency

FixedCutLoose isolation requirement (E; "¢ 92/E; < 0.2 and p; varcone 02/ < 0.15)
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Radiative Z decays

gy (tight)

SF

ATL-COM-PHYS-2016-1054

Selection: AR(e/p,y)>0.4/0.2, E;>10GeV +
tight isolation (no ID!), p;>10GeV, e tight

ID, combined ...

Pure sample of photons: Z+jets ~7.3
(8.4)% in eey(upy) for 10GeV<EY,<20GeV

Allows efficiency measurements between

10GeV and 100GeV
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Electron Extrapolation Method

* Derive CDF-based
Smirnov-Transform
from MC to modify
e-shower shapes to
reproduce vy

* Apply the correction
to electrons shower
shapes obtained
from Z—ee Tag &
Probe analysis

* Advantage: higher
statistics of

electrons wrt
photons

ATL-PHYS-PUB-2016-014
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Matrix Method

* Collect photon-enriched sample with

loose photon triggers
 Track isolation efficiencies:

Data all pass
Signal MC S, all S, pass
Background B, all B, pass
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Combined Photon EfflClenC|es
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Summary

* ATLAS e/y reconstruction and ID presented

* Data driven measurements for e/y efficiencies
compared to MC predictions

— Electron Efficiency known to <1% for E;>30GeV
— Good MC modeling, residual differences corrected by SF

— Ten fold increase in collected data (2016 vs 2015)
allowed to extending the measurement to higher and
lower energies

* More e/y performance results are available at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Ele
ctronGammaPublicCollisionResults
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