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e Electron reconstruction: situation in the ATLAS detector
detailed analysis of bremsstrahlung effects
construction of a pessimistic electron reconstruction algorithm
performance analysis: single particles, pion rejection, electrons in jets & pile-up

e Applications of the algorithm: benchmarking against simulated physics processes
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TDR detector layout used for simulations
realistic magnetic field
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Electron track reconstruction

Problem statement:
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large amount of material = bremsstrahlung effects dominate reconstruction
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R 1. pr resolution deteriorated with traversed material
improves with more measurements & track length

2. Reconstruction/ldentification efficiency
cuts required to retain resolution and suppress fakes
requiring a full-length track is too restrictive

I 3. ECAL/ID matching for identification
disastrous early bremsstrahlung = position matching sufficient

Fraction of e's that lost more that 10% of their energy:

n bins |0 —0.6 0.6 —1.9 | 1.9 — 2.45 | weighted sum
pixels 0.11 ~ (.22 0.35 0.22
SCT 0.32| = 0.58 0.45 0.49
TRT 0.52| =0.75 0.70 0.68
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pr deterioration: fraction of electrons out of 10%
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ECAL measurements:

3 X 7 window for clustering

ECAL efficiency: 41.9% (1.5GeV), 74.6% (2 GeV),
94.4% (3GeV) and 98.6% (5 GeV)

7 measurement not influenced
¢ and E7 measurements correlated

for E; > 10 GeV ECAL measurement is almost in-
dependent of bremsstrahlung
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Electron track reconstruction

% bremmed energy | Barrel | Transition | Endcap
> 90 0.26 0.12 0.21
Primary > 80 0.47 0.27 0.38
> 70 0.62 0.42 0.53
Primary + > 90 0.69 0.40 0.56
> 80 0.87 0.67 0.79
>econdary > 70 095 | 084 | 001

Case | Barrel | Transition | End-cap
1 0.716 0.496 0.477
2 0.122 0.122 0.116
3 0.066 0.080 0.190
4 0.096 0.302 0.217

Bremsstrahlung scenarios: considering reconstruction till the end of the SCT

1. Negligible amount of bremsstrahlung (565% of events):
below 10% energy loss by the end of the SCT
these events can be handled with the usual fitting procedure

2. Single measurable bremsstrahlung photon emission (12%):

above 10% energy loss by the end of the SCT;
the primary photon originates from the SCT & takes > 80% of all the emitted energy

ID bremsstrahlung recovery can be applied (i.e., allowing for a single kink on a track)

3. Early hard bremsstrahlung photon emission (10%):

as above with the hardest bremsstrahlung occurring within the pixels

can be reconstructed with a poorer pr resolution

4. Two (or more) hard bremsstrahlung photon emissions (23%), early ones not excluded
recuperation of these events is questionable as it depends on several factors
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ieEl1Rec: algorithm for electron identification and reconstruction

Design decisions:

1. Second stage reconstruction: inputs are lists of tracks in the ID @& EM clusters

2. Accept also partial tracks: track searching package doesn't have to perform the brem-fit
iPatRec modified to follow this convention

3. Track’s head: used for track parameter determination
select the track segment best matching to the seeding EM cluster

4. Track’s tail: fake suppression & TRT association
there is NOT enough information to fully reconstruct most of the bremsstrahlung occurrences

Goals:

1. Electron identification: a prerequisite; photon and pion separation @ identification in jets

2. Bremsstrahlung tagging: attempt to estimate the amount and location of a hard bremsstrahlung
linked with electron identification as quantities used can become corrupted

3. An improvement of pr resolution: important at energies below 20 GeV (where the tracker precision is better)
enables a better ECAL calibration.

4. Improvement of perigee parameters: allows for smaller errors in reconstruction of decaying particles

no improvement of longitudinal parameters expected
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Modifications of iPatRec:
truncated tracks (failed TRT extrapolation)
secondary tracks (failed vertex association)

TRT extrapolation for secondary tracks
mid-SCT bremsstrahlung

Selection algorithm:
Project ID track (or track segment) to ECAL

Normalize differences by using look-up tables
extracted from simulated data (pr: 1.5GeV 7 60 GeV)

on ~ nt —pte —  Gaussian
~ — E _ | iPat
MG @mmsﬁ_@%mﬁ 14 V = brem tails, correlated
P~ Lp — Pt

For extraction of track parameters select track segment best
realizing the ID/ECAL matching

Pion rejection: ~ 30 achieved by requiring a good ID/ECAL matching
TR information
longitudinal profile of the EM shower
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Good match (M1): 0p| <3 A |dp| <3
[~ 80% at low pr, 86% for pr > 10 GeV]
tighter cuts can be used to obtain a cleaner sample

Imprecise ECAL (M2): -3 <dp<1 A —10<dp < -3
[3% at pr = 3GeV]

relevant for pr < 10 GeV

selects tails of the ECAL measurement

Poor ID (M3): dp>1 A dp <3
[~ 10% for pr > 10 GeV]
early hard bremsstrahlung; pr underestimated

Poor ECAL (M4). dp < =3
[10% at pp = 10 GeV]
relevant for pr < 30 GeV
hard bremsstrahlung after a good py measurement

Unknown (MO): all cuts failed
[3% at pr = 2GeV]
relevant for pr < 20 GeV
occurs due to multiple scattering
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Efficiency as a function of pp and 7n:
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Electrons in jets: studied on B — J/U — ee sample: pr > 2GeV, |n| < 2.5; ~ 63000 events

o—all
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No degradation of ID performance = ECAL pollution

Additional energy from jet produces new EM clusters for Ep < 4 GeV
— most of the resurrected clusters give poor matches
— some previously good matches are spoiled
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Effects of pile-up: high luminosity — ~ 23 soft hadronic interactions per bunch crossing
7.5 charged (0.64 for a pr > 1 GeV cut) @ 9 neutral particles (90% photons, mean Er = 235 MeV) per unit 1) per event
problem for sub-detectors with long signal collection times: TRT (~ 60ns + poor granularity), ECAL (< 500 ns)

©— ieEIRec
M1

ECAL efficiency: increased for pr < 5GeV 5 R —, 5 T
32% at 1.5GeV, 10% at 2GeV, ~ 1% at 3GeV osf Z ot i SEN
. . L 0.85[- /. Ip\mmm_wmn o.mH ) —
Relative to the ECAL: iPatRec too efficient o8] [ —raRee i ‘ L
0.75 0.8f ok
road Ap x n =45° x 0.1 around ECAL used of g \
0.65F 0.7E 6
All things considered: M1 efficiency drops ost Y S—
0.55 F 5
5% pr < 5GeV, ~ 2% at pr = 10 GeV ot ost
1 2 3 4 5 6 78910 20 1 2 3 4 5 6 78910 20
p;[GeV] p; [GeV]
—=— M0
- : os o
Newly reconstructed EM clusters @ lost from M1: g oo e g0 4 N e
= o.m\ M ) | \
MO: uncorrelated track / EM cluster g o7 3 o
06 L /
M3: poor ID measurement (signifies early brem) oSy N
additional deposition of energy in the vicinity of the o3 | e i N A et
02 L . i —A— _<_“:ui 0.05
true m_/\_ O_Cm._”m_\ T s + N xwu:cu__m.% L
, & ¢
OH 2 3 4 5 6 7 80910 20 OH 2 3 4 5 6 7 80910 20
p; [GeV] p, [GeV]

Distributions of Er/E%" for different match types support the statements
Additional noise due to pile-up ~ 100 MeV
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BY — JW — ee: physics sin 23, ECAL calibration;

Reconstruction efficiency studied as a function of myy cut and pion ambiguity
40% " to 78%; 65% for a 10% myg cut and a reasonable A,

generation cuts: pp > 2GeV, |n| < 2.5; ~ 30000 events
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Compared to the TDR results: m yy resolution improved by 25% @ tail content reduced by a factor of 2
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7’ — ee: basis of stand-alone ECAL calibration; generation cuts: |n| < 2.5 and pr > 5GeV; 30000 events
ID provides: vertex parameters 1000[ ] ean "uwwwww.wwwwm
tags events with a hard FSR or early bremsstrahlung - \,/
mOO\
7" vertex parameters studied - \ /
600
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resolutions comparable to TDR; efficiency can be improved
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Conclusions:

usage of an appropriate algorithm results in 5% increase of electron reconstruction efficiency
almost insensitive to high-luminosity pile-up and the presence of jets
all but the hardest bremsstrahlung occurrences can be tagged
— for pr 2 20 GeV also recuperated using the ECAL measurement

Pixel detectors and inner SCT layers crucial to a reliable electron reconstruction and identification
every effort should be made to keep these layers operational

Physics analysis:
Increase of efficiency: ~ 4% per electron
Better tagging of events with a hard FSR or an early bremsstrahlung

Improvement of pr measurement and transverse track parameters
improves physical parameters (e.g., invariant mass resolution)
better background rejection and/or b-tagging

Future:
Compare/update to the new detector layout = expect ~ 50% increase of irrecoverable early bremsstrahlung
Follow iPatRec’s migration into Athena

Publish a scientific note covering all aspects of electron reconstruction
single electron efficiencies & resolutions
resolutions of secondary vertex quantities



