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The ATLAS Experiment

Multi-purpose detector: 44x25x25 i3
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Electron reconstruction, calibration and
Identification



Electron reconstruction work-flow

* Run1 workflow: Eur. Phys. J. C 76 (2016) 666.

1. Select fixed-size electromagnetic(EM)

clusters and tracks

» Clusters are reconstructed using sliding

windows (SW ) algorithm

Supercluster

2. Match tracks clusters
3. Build analysis objects

changed to use
dynamic, variable-
size clusters

— 2. Build superclusters (SC)

Recover low E
photons from
bremsstrahlung

e Run2 work-flow: CERN-EP-2019-145

1. Build topo-clusters
and prepare tracks

Select topo-clusters

 Refit tracks loosely

usters |

Match tracks
to topo-clusters

4 '

- Seed electron superclusters ‘
from track-matched
topo-clusters

Add secondary clusters

Apply calibrations/
corrections

|
Match tracks to electron

superclusters

\mce:to topo-clusters

N

Build conversion

vertices
1

~ Match conversion

Seed photon superclusters
from topo-clusters

Add secondary clusters

Apply calibrations/
corrections

|

| Match conversion vertices
to photon superclusters

3. Match tracks to supercluster \ /

4. Build analysis objects

Ambiguity-resolve electron
. and photon superclusters

Build and calibrate analysis
electrons and photons

Calculate discriminating variables,
particle identification



https://link.springer.com/article/10.1140/epjc/s10052-016-4507-9
http://dx.doi.org/10.1088/1748-0221/14/12/P12006

Build Supercluster

Main goal: Include radiative losses from bremsstrahlung into cluster to improve energy measurement

"""

S 2. Find satellite clusters
.. Satellite*

Supercluster ~
’

' Add all clusters within 3 x 5 window Seed, secondary cluster
~ around seed cluster match the same track

asymmetry
"

5x0.025
12 x 0.025

/

olo/olo|o|o]o 3 x0.025 5> % 0.025

0/(0{0|0O|O|O]|O

e i lf,/z/ 1. Select seed cluster

0of2]2 2]2]o e Electron reconstruction starts from the topo-clusters

R e e » Initial seeds are found when cell energy > 4*sigma of noise.

olo]2]2 2[00 » Cluster grows as touching cells have energy > 2*sigma.
rd|{olo]o 2]0fo]o * Final layer added with cluster energy > 0*sigma.

e « E;>1GeV and is matched to a track with >= 4 hits.
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Supercluster Performance

e The energy resolution of the electron or photon is optimized using a multivariate regression algorithm based on the prop

f the sh 1 in the EM calori :
of the shower development in the calorimeter CERN-EP-2019-145

e Recover energy loss out of cluster and 1n passive material

e Input samples: simulated e and converted & unconverted 7
Target: E,. . /E

rue reco

Q3 - 01 Q, Q;are the first and
1.349 third quartiles of the
distribution of £, ;;,/E,,.,.

IQE =

supercluster algorithm improves E resolution by up to 30 %
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EGAM-2018-01/

Electron energy calibration using Z — ee events

« CERN-EP-2019-145
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http://dx.doi.org/10.1088/1748-0221/14/12/P12006

Electron identification

Electron identification(ID) relies on a likelihood (LLH) discriminant constructed from quantities measured in the inner detector
and calorimeter

> Discriminate prompt electrons from:
* E deposits from hadronic jets and conv y
* Non-prompt electrons produced in heavy flavour hadrons decays

» The likelihood discriminant d,.

- Lg+ Lg’

I

dy Lsp)(x) = l_[ Pyp),i(x;),
i=1 > electron track qualities

> shower shapes in EM calorimeter

* X; Isthe vector of discriminating variables . > track-cluster matching properties

e Py, i(x;) isthe value of the pdfs of the signal or
backgrounad



Three electron ID WPs defined: Loose, Medium and Tight

Efficiency

Uncert. [%] Data/MC

* Their optimization is done in bins of n and pT with MC simulations. ‘
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> 93%, 88% and 80% for the Loose, Medium, and Tight WPs and gradually
increase from low to high ET.

|
e The ID efficiency for electrons from typical electroweak processes(on average): )
|

Electron identification efficiency

New ldentification techniques
for Rung3:
Deep neural network based ID

ATL-PHYS-PUB-2022-022
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Signal Efficiency
 DNN can deal with correlated features
* |ncrease in background rejection by

1.7~5.5 at the same signal efficiency


http://cds.cern.ch/record/2809283/files/ATL-PHYS-PUB-2022-022.pdf

_Electron supercluster performance

Perform on simulations
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g Higgs production cross-section measurements
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 Data and MC are in a good agreement.
 Uncertainties from electron identification and
reconstruction are 1~2%


http://dx.doi.org/10.1140/epjc/s10052-020-8227-9

Muon reconstruction, identification,
Isolation and
efficiency measurements
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Muon reconstruction

The main signature exploited for muon reconstruction 1s that of a minimume-ionizing particle: CERN-EP-2020-199
® Presence of a track in the Muon Spectrometer (MS)
e (Characteristic energy deposits in the calorimeters

(Combined Muon|
Reconstruction strategies
Muon Spectrometer
e Combined(CB) muon: re-fit the ID- & MS-track into one
Calorimeters

single track
|Standalone Muon

( Inside-Out Muon ) * Inside-Out(l0) muon: re-fit the ID track and MS hits(>2)
........ pattern

« Segment-Tagged(ST) muon: |ID tracks combined with
single segments of the MS (at low energies)

|Segment-Tagged Muon

: .T" '
——/— ]

—
(Calo-Tagged Muon|

| Final analysis container merge all these types §

 Muon-spectrometer Extrapolated(ME) muon: Only MS track, extrapolated to the beam-line (beyond
the coverage of ID, |n|>2.5)

 Calo-Tagged(CT) muon: ID tracks with additional small energy in the calorimeter(at n = 0)
12


http://dx.doi.org/DOI:10.1140/epjc/s10052-021-09233-2

Muon identification

Several muon ID working points(WP) targeted the rejection of light hadrons are defined:

Features:

* N hits in the ID sub-detectors or MS stations I * Loose(e.g. H— 4I): maximal efriciency

+ Track fit properties e Medium(default):minimize systematics

« compatibility of the measurement in the two * Tight(e.g. V.V+C): maximize hadron rejection
detector systems. Cut base/MVA ® Low-pT. High-pT: extremes of pT spectrum

(Low-PT MVA WP: first MVA-based muon ID WP)

. .1t
Efficiencies of muon ID WP
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Muon efficiency measurements

CERN-EP-2020-199

Tag & Probe method: :
Select sample containing di-muon pairs P“i?f,ﬁ"POf‘?
 Tag muon: -

fires trigger; passes stringent identification and isolation criteria;

* Probe muon:
loosely reconstructed muons

Z — pi
2015 paper: € (X) = € (X|ID) X € (ID) ~ € (X|CT) X € (IDIMS)

muons with MS track

Current method: € (X) =|e (X[ID A MS) X € (MS|CT) X € (IDIMS) |+
|

X eff. (e.g. Medium) MS eff. ID eff.

| ) -

CT: ID + calorimeter; ST: ID + MS segment X = Loose, Medium, ...
14


http://dx.doi.org/DOI:10.1140/epjc/s10052-021-09233-2

Muon reconstruction & identification efficiencies
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* pT < 5 GeV, efficiencies drop significantly:

e Muons are too soft to cross the calorimeters
and reach the second station of precision MS

chambers.

CERN-EP-2020-199
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 Loose WP allows for recovering efficiency in the
regions with limited MS acceptance
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http://dx.doi.org/DOI:10.1140/epjc/s10052-021-09233-2

Muon isolation requirements

e Transverse energy reconstructed around the muon can be used to define isolation.
AR=min(0.3,10 GeV / p1)

e Jsolation criteria can reject most non-prompt muons Or AR =02
from hadron decays. Track based iso  Particle-flow based iso
¢ 2 20 < p1 |GeV] < 100 |-
[solation WP e, Definition Track pr requirement | €, [%] enr [%]
PflowLoose* $0.4- Ex1YP) <0.16 - pH 97 5.0
- — s, T > 500 MeV
~ PflowTight* (prawesHesy ', A€oV 0,045 . p* pT = o0 VeV g7 0.9
. pAeOne < max 015 p 93 1.3
PLBDTLo PLBDTTight r . Y > 1 GeV -
ose ( 18ht) BDT cut to mimic TightTrackOnly (Tight) efficienc PT 87 0.5
L ~ - - - - - > B
— = — — ——‘;f ko ==
Use BDT combine isolation and lifetime features to maximise the rejection for %’ =
: BT g
| non-prompt muons/electrons .
Slas
- ATLAS
Prompt Non-Prompt Prompt Non-Prompt : E;mﬁ' I-:):Qr: S?DTIP;'IQ ht —e— Data
& J‘_e.u & | ‘fe.u Lepton ack MVA methOd — ml<2.7 —o— MC
B Q . mStatonly " Sys ® Stat_
--------- Track petaxs _.\cg 1-- PP R . S S S S |
* Lifetime features are extracted from: R —
e secondary vertex p, [GeV]
* iImpact parameters of the ID tracks around the muon

* |Improves rejection of non-prompt muons by 1.8 than
PflowTight WP in tr MC




Electron:

Summary

o Supercluster method is introduced in the electron
reconstruction and improves the energy resolution by up
to 30%, mass resolution (J/y; H) improves by 5~8%

* The identification of electrons and photons has been
revisited to match the improved cell clustering procedure.

Events/2 GeV

—
o
o

I | L I LI B | I |

—
N
o

(0]
-

40}

20

LN BLELRL RN BLRLELELEY BLUELELELEY BLNLELELE BB
- ATLAS ¢ Data
" H— Z7* — 4] ggF+bbH [l ZZ*
\s=13TeV, 139 fb” VBF XX, VWV
VH B Z+jets, tt
BlitH+tH % Uncertainty

I I [ | I
- =eN
= -

150
m,, [GeV]

160

(1) [GeV]

~0

m(

A

Muon:

Re-optimized the reconstruction &
identification with ~40 times more data w.r.t.

the 2015 result.

* |Improves the efficiency measurement down

50 F
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 Low-pT ID used for the muon;
» Recovers approximately 20% ID eff. at 3 < pT < 6GeV |n| < 1.2 region

17

to pT = 3 GeV and covering [n| < 2.7

SUSY

CERN-EP-2019-242



https://cds.cern.ch/record/2702950

Backup
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Electron reconstruction efficiency

Electron reco efficiency reaches the track efficiency at high pT (as expected)
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Electron energy scale and resolution uncertainty
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Based on 2015-2016
proton—proton collision data
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