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reminder: the top quark

>discovered in 1995 at Tevatron QUARK MASSES

> expected properties:

=spin 1/2, charge +2/3 e

>measured mass:
(1 733 i 1 1) GeV (arXiv:1007.3178 [hep-ex])

>average life time 4x10-%° s shorter|—___ __
than characteristic QCD Leptons
hadronisation time of 28x102° s

bottom & 2

" experimental errors 68% CL.:

= no bound states (quarkonia) P LEPeTevairon fuded

= spin is conserved

> perform SM precision
measurements at LHC
experiments

M,, [GeV] (aver. from GFitter)

SM

>constrain Higgs mass via loop SSw
corrections of W mass .
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http://arXiv.org/abs/1007.3178
http://arXiv.org/abs/1007.3178

top quark measurement at ATLAS

pp collisions
at 7 TeV

decay of top
quark

event
reconstruction
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top quark measurement at ATLAS (2)
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— Run Number: 158975, Event Number: 21437359
Date: 2010-07-12 07:04:37 CEST




top cross-section measurement and backgrounds

>signa| and background Cross- proton - (anti)proton cross sections
sections calculated in theory 10" g
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>top pair production at 7 TeV and m ok SRR
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and count experiment, need to R Top /
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>model all processes in MC

> apply tight selection cuts to reject backgrounds:

= select high quality lepton

= select = 4 high-pr jets

" require b-tag

= cut on missing transverse energy (neutrino)

>cannot reject W+jets background completely
due to similar topology

>QCD contributes only due to mis-identified
leptons (electron fake rate of order 10-3-10-4)

>QCD MC production limited by computing
power

>mostly instrumental background, difficult to
model — take from data
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intermezzo: electron identification

> electron produced at interaction
point travel through inner detectors

>track can be reconstructed from
hits

> electron is then stopped in electro-
magnetic calorimeter

>to obtain high-quality electron
candidates we can cut on (particle . -
identification (PID) variables):
= inner detector track quality
= track match with calorimeter cluster
= shower shape

= leakage into hadronic calorimeter

> also require isolation
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modelling QCD from data

> need to find region where QCD
dominates while staying as close
as possible to signal selection

> select sample orthogonal to
standard top selection by inverting
cut on electron PID selection —
anti-electron sample

>find distribution that is sensitive to
lepton fakes = missing
transverse energy (QCD here
mostly instrumental background)

> shape of QCD background taken
from data, but model provides no
cross-section — determine
amount of QCD background
from fit

Candidate Events

\\\ QCD model from data
MC processes
Data

N

Discriminant

Fitin extrapolation to
sideband signal region
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details on the fitting procedure

>binned Likelihood fit using TMinuit

> allow background contributions to vary from Standard Model expectation
within expected uncertainties

Likelihood function

processes

k

processes 2
1 B — 1
Gaussian constraint
Ok

' Z N'LMC Bk
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anti-electron model

A

\\ QCD model from data
MC processes

>1f we can fit in sideband we can
perform another fit (e.g. W+jets
background) in the signal region
later

>top selection applies MET cut of 20
GeV — use 0-20 GeV sideband ——
for fit and extrapolate Fitin_~ extrapolation to

sideband signal region

Data

Candidate Events

> all processes taken from MC and
scaled to SM expectation

>challenge: tune background model
to agree with signal-selected data

pretag B top ($=1.00)
W+Jets ( 3=1.00)
| Z+Jets (p=0.99)
I single top ( $=1.00
I anti-ele (68 + 2)%
—a#— data (2337 events)

[:] fit sideband

XN

>having a full background model
should also allow us to look into )4 work
other kinematic distributions A progress

Candidate Events

MC/model normalized to fit values

60
ET"° [GeV]
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control plots

*2 jets pretag B top (5=1.00)
W+Jets (8=1.00)
_+ | Z+Jets (8=0.99)
B single top (B=1.0C
B anti-ele (68+ 2)%

Candidate Events

2 jets pretag B top (8=1.00)

L W+Jets (5=1.00)
3 y T

" | Z+Jets ($=0.99)

~ - single top (=1.0C

_ anti-ele (68+ 2)%

_# —— data (828 events)

$t

MC/model normalized to fit values

M 2 progress

good
agreement with
data!
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MC/model normalized to fit values

A¢ (lepton, ET"*%)
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top signal region

<5

tagged - top ($=1.10)

£3)a work WiJets ( =1.02)
Ng L in [ Z+Jets ($=0.99)

< progress
= prog B single top ( f=1.00

i-ele (41 £20)%
a (33 events)

[ -Edeband

> estimated QCD fraction very high
In previous plots

>need to reduce QCD contribution to
,See” signal

>introduced additional QCD-killer
cut: MET + W transv. mass > 60

cev 20 4000 80 100
>problem: kills sideband region ‘T [GeV]

[ >4 jets taggeld Bl top (8=1.10)

%% a work tJets ($=1.02)
TS in
" B4 proresd Jets ($=0.99)

injgle top (1.

Candidate Events

MC/model normalized to fit values

> solution: fit before cut is applied,
extrapolate and then apply cut (for
each process)

-

> QCD fraction reduced substantially
(though very limited statistics here)
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summary & outlook

>top pair cross-section measurement challenging
> anti-electron model allows to model QCD background from data

>need more statistics to fully validate model

>further backgrounds need to be evaluated

> cross-section measurement to be performed
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