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top cross-section precision measurement

>production cross-section important test 
of theory

>new standard candle for high-pT 
physics

>strategy:
 combine a few sensitive variables into a 

likelihood  discriminant

 measure xsec using profile likelihood technique

>semi-leptonic channel balances signal 
and background (l = e,µ)
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>event & object selection
>object efficiencies
>backgrounds:
>W+jets from final fit
>smaller bkgs from MC
>data-driven QCD 

estimates

>discriminating variables
>data/MC agreement
>constructing a likelihood
>final likelihood distributions

>profile likelihood fitting
>expected statistical 

uncertainties
>fit stability & linearity
>evaluation of syst. 

uncertainties

>systematic uncertainties
>cross-checks
>spin-off measurements

building blocks of analysis

collaboration of

see ATLAS-CONF-2011-035
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Monte Carlo samples

>MC@NLO used for ttbar and single top events (CTEQ66, mt = 172.5 GeV)

> ttbar normalised to HATHOR prediction at approx. NNLO (Moch & Uwer, 
Beneke et al.), central value:

>uncertainty given as linear sum of pdf and scale uncertainty

>W+jets and Z+jets events generated by Alpgen+Herwig+Jimmy 
(CTEQ6L1), normalised to NNLO prediction by MCFM

>double counting of W+jets and W+heavy flavour events removed based on 
an angular scheme

>diboson background using Herwig (MRST2007 LO*), normalised to NNLO

>QCD background taken from data
 well understood in theory, but in this study instrumental effect

 MC production limited by computing power

4

σtt̄ = 164.6+11.4
−15.7 pb
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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 particle ID selection 
➞ anti-electron sample - 
provides full QCD model

> 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

5

QCD dominates in sideband
normalisation obtained here

signal data/MC

fail tight 
electron ID cuts

QCD model from data

tight electron 
ID cuts

electron quality

S+B
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anti-electron model

> if we can fit in sideband we can 
perform another fit (W+jets 
background) in the signal region later
> top selection applies MET cut of 35 

GeV ➞ use 0-35 GeV sideband for 
fit and extrapolate
>all processes taken from MC and 

scaled to SM expectation
>several distributions well 

modelled
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S+B
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cross-section measurement input & fitter

>combine sensitive variables into 
one likelihood discriminant

>6 analysis channels:
 3 (constrain W+jets), 4 and 5+ jet bins

 each for electron and muon channel

>Gaussian constraints applied to 
processes according to their 
uncertainties

> fit all channels simultaneously
 top signal treated as 100% correlated

>statistical uncertainty:
 sum of all template contributions in a bin 

gets Gaussian constraint corresponding to 
template statistical uncertainty

 one parameter for each bin

7
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input distributions in detail
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nuisance parameters

>systematic uncertainties considered as 
nuisance parameters δi 
 „up“ and „down“ templates in addition to 

nominal for each ±1σ variation

>each nuisance parameter assumed to 
be Gaussian with mean 0
 vertical morphing of templates
→ continuous parameters δi 

 quadratic interpolation for |δi| < 1 (Lagrange 
polynomials), linear extrapolation beyond

>systematics enter as parameters in the 
minimisation process

> let data adjust size of corresponding 
systematic uncertainty

> fit error of one corresponds to variation 
given for the input uncertainty

9Top WG Approval Meeting, 02/21/11, U. Husemann: Top Cross Section with B-Tagging

17 nuisance parameters !i due to 
systematic uncertainties

“Up” and “down” templates in addition 
to nominal for each ±1" variation 

Vertical morphing of templates 
#  continuous nuisance parameters !i 
(where !i = 0 corresponds to nominal, 
!i = ±1 to up/down templates)

Quadratic interpolation for |!i| < 1, 
linear extrapolation beyond

120 parameters for bin-by-bin 
statistical uncertainty of templates: 

“Barlow-Beeston lite”: sum of all 
contributions in a bin gets Gaussian 
constraint corresponding to MC 
statistical uncertainty

One parameter for each bin (CPU 
intensive, switched off for ensemble 
testing)
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summary of systematic uncertainties

dominant systematics:

>W+jets heavy flavour content
 extrapolation of HF fraction from lower jet 

bins to signal region

>b-tagging calibration

> ISR/FSR
 no recipe for MC@NLO available

 use AcerMC and vary parameters

10
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most precise measurement of σtt  @ 7 TeV @ ATLAS

results

 [pb]tt

0 50 100 150 200 250 300

(syst.) [pb]
 -  21
+  22(stat.) -  10

+  10  186

(syst.) [pb]
 -  19
+  21(stat.) -  12

+  12  168

(syst.) [pb]
 -  28
+  28(stat.) -  17

+  17  223

(syst.) [pb]
 -  21
+  23(stat.) -  16

+  16  182

(syst.) [pb]
 -  31
+  50(stat.) -  34

+  34  142

(syst.) [pb]
 -  18
+  18(stat.) -   9

+   9  150

Lepton+Jets:

+Jets:µ

e+jets:

Lepton+Jets, 3 variables:

Lepton+Jets ATLAS 2010:

Lepton+Jets CMS 2011:

-1 L dt = 35 pb

 = 172.5 GeVtm



backup
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data-driven QCD background estimation

>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

>my work: QCD estimation in 
electron channel

>muon channel uses matrix method

> fake electrons mostly collimated 
jets, photon conversions

13



Clemens Lange – multivariate top-pair cross-section measurement07.04.2011

Where do we stand? 
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CERN-PH-EP-2010-064
(Submitted to EPJC)

December 8, 2010

Measurement of the top quark-pair production cross section
with ATLAS in pp collisions at

√
s = 7 TeV

The ATLAS Collaboration

Abstract

A measurement of the production cross-section for top quark pairs (tt̄) in pp collisions
at
√
s = 7 TeV is presented using data recorded with the ATLAS detector at the Large

Hadron Collider. Events are selected in two different topologies: single lepton (electron e or
muon µ) with large missing transverse energy and at least four jets, and dilepton (ee, µµ or
eµ) with large missing transverse energy and at least two jets. In a data sample of 2.9 pb−1,
37 candidate events are observed in the single-lepton topology and 9 events in the dilepton
topology. The corresponding expected backgrounds from non-tt̄ Standard Model processes
are estimated using data-driven methods and determined to be 12.2±3.9 events and 2.5±0.6
events, respectively. The kinematic properties of the selected events are consistent with SM
tt̄ production. The inclusive top quark pair production cross-section is measured to be

σtt̄ = 145 ± 31 +42
−27 pb

where the first uncertainty is statistical and the second systematic. The measurement agrees
with perturbative QCD calculations.

ATLAS, EPJC 

~ 30 % uncertainty

cern-ph-ep-2010-064

Arxiv:1004.3224v2

LHC, 7 TeV 

Tevatron, 1.96 TeV 

σtt̄ = 7.71± 0.685 pb
CDF

8.8% uncertainty
(~7%, tt/Z ratio)

σ(Mtop = 172.5 GeV)NNLO

tt̄
= 164.57+11.45

−15.78 pb
Hathor, CTEQ66

Theory, 7 TeV:
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full fit result table

15

ATLAS-CONF-2011-035
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cross-check results comparison

16

ATLAS-CONF-2011-035
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linearity of fit & pulls
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ATLAS-CONF-2011-035
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input distributions (1)
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March 16, 2011 – 13 : 56 DRAFT 6
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Figure 1: Distribution of the electron pseudorapidity (top row) and aplanarity (second row) in the electron channel,
and of jet probability (third row) and HT,3p (bottom row) in the muon channel for the 2-jet sample (a) and the 3-jet
sample (b). HT,3p is not shown in the 2-jet channel as it requires at least three jets to be computed. Data are
superimposed on the Standard Model expectation normalized according to the result of the fit.

ATLAS-CONF-2011-035
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input distributions (2)
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March 16, 2011 – 13 : 56 DRAFT 6
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Figure 1: Distribution of the electron pseudorapidity (top row) and aplanarity (second row) in the electron channel,
and of jet probability (third row) and HT,3p (bottom row) in the muon channel for the 2-jet sample (a) and the 3-jet
sample (b). HT,3p is not shown in the 2-jet channel as it requires at least three jets to be computed. Data are
superimposed on the Standard Model expectation normalized according to the result of the fit.

ATLAS-CONF-2011-035
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input distributions (3)
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Figure 2: Distribution of the electron pseudorapidity (top row) and aplanarity (second row) in the electron channel,
and of jet probability (third row) and HT,3p (bottom row) in the muon channel for the 4-jet sample (a)and ≥5-jet
sample (b). Data are superimposed on the Standard Model expectation normalized according to the result of the
fit.
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input distributions (4)
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Figure 2: Distribution of the electron pseudorapidity (top row) and aplanarity (second row) in the electron channel,
and of jet probability (third row) and HT,3p (bottom row) in the muon channel for the 4-jet sample (a)and ≥5-jet
sample (b). Data are superimposed on the Standard Model expectation normalized according to the result of the
fit.
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anti-electron model control plots

22

>good agreement with data!
>alternative model used for 

systematics
>model also works in muon channel
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fitter cross-checks

>±1σ template variations may be 
envelopes

>what if real shape inside heavily 
fluctuates (e.g. jet energy scale)

>evaluate this effect in pseudo-
experiments using several 
functions

>result: deviation covered by 
systematic uncertainty ✔

>cross-check uncertainty absorption 
ability of fitter

>run pseudo experiments with one 
systematic uncertainty fixed to -1σ

> injected δ is returned (with small 
shift due to Gaussian constraint),
xsec value not affected ✔
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(a) Fitted value of δ0 (b) Pull of δ0

(c) Fitted value of β0 (d) Pull of β0

Figure 53: Results of 1000 PEs with b-tagging shape at working point 1 shifted to −1σ.
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(a) Fitted value of δ0 (b) Pull of δ0

(c) Fitted value of β0 (d) Pull of β0

Figure 53: Results of 1000 PEs with b-tagging shape at working point 1 shifted to −1σ.


