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pp collisions 

complementary multi-purpose detectors: to measure 
properties of leptons, hadrons and photons

2009-2010 expect √s~10 TeV, ∫Ldt~0.2 fb-1

ALL RESULTS are from simulations with √s=14 TeV 

Goals √s=14 TeV L=1034cm-2s-1 
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Top quark @ LHC: production

3
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  single 
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electroweak 

247±12 pb 66±1pb 10±2 pb

s chant chan Wt chan

√s=14 TeV cross sections
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probe low x in pdfs →gluon fusion dominated

232 Chapter 8. Physics of Top Quarks

Figure 8.14: Feynman diagrams for the three channels of single top production.

MADGRAPH [80], and ALPGEN [160] programs as indicated in the Table 8.16. The hard
process events containing all needed information were passed to PYTHIA 6.227 [24] for show-
ering, hadronisation and decays of unstable particles. The tt and W + jets background
events were generated with the same PYTHIA version. All simulations were done with Mt =
175 GeV/c2 and Mb = 4.7 ! 4.8 GeV/c2, proper considerations of the spin correlations, and
the finite W -boson and t-quark widths. The list of the signal and background process cross
sections as well as generators used are given in the Table 8.16. Both the full simulation chain
(OSCAR [8] and ORCA [10]) and a fast simulation (FAMOS [11]) were used.

Table 8.16: Cross section values (including branching ratio and kinematic cuts) and genera-
tors for the signal and background processes (here ! = e, µ, " ). Different generator-level cuts
are applied.

Process #"BR, pb generator Process #"BR, pb generator
t-ch. (W # µ$) 18 (NLO) SINGLETOP Wbb (W # !$) 100 (LO) TOPREX
t-ch. (W # !$) 81.7 (NLO) TOPREX Wbb + jets (W # µ) 32.4 (LO) MADGRAPH
s-ch. (W # !$) 3.3 (NLO) TOPREX W + 2j (W # µ$) 987 (LO) COMPHEP
tW (2 W # !$) 6.7 (NLO) TOPREX W + 2j (W # !$) 2500 (LO) ALPGEN

tW (1 W # !$) 33.3 (NLO) TOPREX Z/%!(# µ+µ")bb 116 (LO) COMPHEP
tt (inclusive) 833 (NLO) PYTHIA

8.4.1.2 Reconstruction algorithms and triggers

Muons are reconstructed by using the standard algorithm combining tracker and muon
chamber information as described in [310]; tracker and calorimeter isolation cuts are applied
as described in [311]. The electrons are reconstructed by the standard algorithm combining
tracker and ECAL information, see [312]. The jets are reconstructed by the Iterative Cone
algorithm with the cone size of 0.5, see [313]; for the calibration both the Monte Carlo (in the
t-channel analysis) and the % + jets (in the tW - and s-channel) methods are used, see [314].
For b-tagging a probability algorithm based on the impact parameter of the tracks is used, as
described in [315].
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8.4.1.2 Reconstruction algorithms and triggers

Muons are reconstructed by using the standard algorithm combining tracker and muon
chamber information as described in [310]; tracker and calorimeter isolation cuts are applied
as described in [311]. The electrons are reconstructed by the standard algorithm combining
tracker and ECAL information, see [312]. The jets are reconstructed by the Iterative Cone
algorithm with the cone size of 0.5, see [313]; for the calibration both the Monte Carlo (in the
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For b-tagging a probability algorithm based on the impact parameter of the tracks is used, as
described in [315].
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846 A. Quadt: Top quark physics at hadron colliders

into the PDF fits in a more systematic fashion is under-
scored. On the same footing, the impact of higher order
corrections, as well as the treatment of higher twist ef-
fects in the fitting of low-Q2 data, may need some more
study before a final tabulation of the PDF uncertainties
can be achieved [120]. The PDF uncertainty on the top
quark pair production cross section is mostly driven by the
poorly known gluon density, whose luminosity in the rel-
evant kinematic range for the TEVATRON varies by up
to a factor of 2 within the 1! PDF range. For the LHC
cross section calculations, dominated by the gluon–gluon
fusion, this uncertainty is even larger. In recent years,
with increasing precision of the measurements of the deep-
inelastic scattering cross sections at HERA [121–124], ex-
perimental and theoretical groups have focused on the
proper evaluation and propagation of uncertainties on the
parton distribution functions, starting with [125] and fol-
lowed by [120, 121, 126–135]. While the overall top pair
production rate at the TEVATRON has a large relative un-
certainty of approximately 15% (Fig. 16, right shows the
total uncertainty of the tt̄ production cross section calcu-
lations with gluon resummation [114, 116], including scale,
kinematics and PDF uncertainties, as a function of the top
quark mass), it is important to point out that the ratio of
cross sections at

!
s= 1.96 TeV and

!
s = 1.8 TeV is very

stable.
Table 3 summarises the tt̄ production cross section cal-

culation for Run I and Run II at the TEVATRON and
for the LHC. Reference [113] only considers uncertainties
from scale variations, resulting in a" 10% uncertainty. An-
other " 6% come from PDFs and "s. Reference [116] only
considers uncertainties from scale variations, resulting in
a " 4% uncertainty. Another " 5% come from PDFs. Ref-
erence [114] considers uncertainties from scale variations,
PDFs and "s. At the TEVATRON, for every 1 GeV/c2 in-
crease in the top quarkmass over the interval 170<mtop <
190GeV/c2, the tt̄ cross section decreases by 0.2 pb. The
hard scattering cross sections for several processes, includ-
ing tt̄ production, are shown in Fig. 17 as a function of the
centre-of-mass energy, covering the energy range for the
TEVATRON and the LHC. In addition to having similar
event topology to the Standard Model Higgs production,
tt̄ production also has a similar cross section, many orders
of magnitude lower than the W - or Z-production or the
inclusive QCD b-production.

Table 3. Cross section, at next-to-leading order in QCD including gluon resumma-
tion corrections, for tt̄ production via the strong interaction at the TEVATRON and
the LHC for mt = 175 GeV/c

2. Details on the meaning of the quoted uncertainties are
given in the text and in references [114, 116]. For the

!
s = 1.96 TeV result of refer-

ence [116], the quoted error includes the uncertainty from the PDFs according to [119]

!NLO (pb) qq̄" tt̄ gg" tt̄

TEVATRON(
!
s= 1.8 TeV, pp̄) 5.19±13% [114] 90% 10%

5.24± 6% [116] 90% 10%
TEVATRON(

!
s= 1.96 TeV, pp̄) 6.70±13% [114] 85% 15%

6.77± 9% [116] 85% 15%
LHC (

!
s= 14 TeV, pp) 833±15% [113] 10% 90%

Fig. 17. QCD predictions for hard scattering cross sections at
the TEVATRON and the LHC [141]. !t stands for the tt̄ pro-
duction cross section. The steps in the curves at

!
s = 4TeV

mark the transition from pp̄ scattering at the TEVATRON to
pp scattering at the LHC

An accurate calculation of the cross section for top
quark pair production is a necessary ingredient for the
measurement of |Vtb| since tt̄ production is an import-
ant background for the electroweak single-top production.
More importantly, this cross section is sensitive to new
physics in top quark production and/or decay. A new
source of top quarks (such as gluino production, followed
by the decay g̃# t̃t) would appear as an enhancement

Top @ LHC: xsec in the context

5

Theory uncertainty: ~ 8 to 6% 
at Tevatron, 6 to 4% at LHC

W+nj  (n>1) xsec down by ~ 23% 

LHC10

LHC14

tt cross section Rate at L=
1033cm-2 s-1

√s(TeV) xsec 
(pb)

1.96 (pp)
10 (pp)
14 (pp)

~7
~400
~900

0.4Hz
0.9Hz

@ 10 TeV wrt 14 TeV

Moch and Uwer:    arXiv 0804.1476   
Cacciari et al:         arXiv 0804.2800
Kidonakis and Vogt: arXiv 0805.3844

tt xsec stays ~3 x single top xsec
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Re-discovering top.. 
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 ℓ+jets 

CMS TOP-08-005

Signal=128 ev, S/B=1.4 

10 pb-1

•Realistic day-1detector simul
•No ETmiss cut, no b-tag 

Need data-driven QCD bkg estimate

•Count events in Njet,, subtract bkg

•1 central isol. high PT μ
 (pTμ>30 GeV)

• ≥4 central high pt jets
ET>40GeV , ETleadjet >65GeV 

•Isolation cuts reduce QCD bkg
Econecalo, ΔR(μ, closest jet)

Selection
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Require 2 isol. high PT ℓ- ℓ+

(e, μ),  MZ veto,  ETmiss cuts 

.. and Measuring tt cross section

state showering, and 2% from the jet energy scale. QCD final state showering only comes from tt̄ and
is found not to have any measurable effects on the fit when all channels are included. The projected
significance versus integrated luminosity including all systematic uncertainties, except luminosity, is
shown in Fig. 15.
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Figure 15: (a) Total composition of the inclusive di-lepton selection versus number of jets. (b) Pro-
jected significance from pseudo-experiments for the inclusive template fit versus integrated luminosity
including all channels and all systematic uncertainties.

3.3.3 Likelihood method

The likelihood method uses the following log-likelihood function to extract the parameters Nsig and Nbkg
given the fixed total number of events Ntot and the measurements (xi):

L =−
Ntot

!
i=1

ln(G[xi|Nsig,Nbkg])+Ntot

with
G(x) = Nsig×S(x)+Nbkg×B(x)

The multidimensional function G(x) is the sum of the functions S(x) which describes the signal
distribution and of B(x) that describes the background distribution. The functions are determined by
fitting Chebychev polynomials to the signal and background Monte Carlo distributions after the cut and
count cuts were applied in the variables |"ϕ(lepton0,Emiss

T )| ("ϕ between the highest pT lepton and the
missing transverse energy vector) and |"ϕ|(jet0,Emiss

T )| ("ϕ between the highest pT jet and the Emiss
T

vector). Fig. 16 shows one of the distributions and the solid line shows the fits to the distribution that are
used as S(x) and B(x).

The sum of the semi-leptonic tt̄ , Z→ !+!− and WW events are considered as background and added
up according to their cross-section to produce one single background distribution.

To estimate the error on the cross-section, ensemble tests were performed for different integrated
luminosities ranging from 10 pb−1to 1 fb−1. The relative statistical errors are presented in Table 11.

3.4 Systematic uncertainties

The systematic uncertainties have been evaluated according to the standard prescription [9]. In particular,
the lepton ID efficiency will be measured from data using Z-boson events and the uncertainty is expected
to be of the order 1%. The lepton trigger efficiency will be measured from data using Z events with an
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 ℓ+jets 

Δσ/σ(%) stat sys pdf lumi

count 3 16 3 5

likelihood 7 15 3 5

100 
pb-1

 main (initial) syst 
JES, bkg (W+jets, 
QCD - needed 
from data), b-tag

CERN-OPEN-2008-020

A: no 
btag,

100 pb-1

•Get xsec with
likelihood fit to mass shape or
count & subtract bkg (A,C)

Δσ/σ(CDF/D0) =8.6 to 36%/11 to 12% (2.8 to 2/~1 fb-1 ) 

Δσ/σ(%)=1.2%(stat)+13.6%(syst)C: count 1fb-1

•Require 1 central high PT lepton, 
≥4 central high PT jets (PTjets > 20 to 40 
GeV).  Reconstruct had top. 

•C:  2 b-tags, no jet overlap, converging kine fit for 
light jj with MW constraint

•A:  ETmiss >20 GeV,  TopHad=3 jets with largest 
PTtop,  at least 1 Mjj consistent with MW (can add 1 
or 2 b-tags)

A=ATLAS,C=CMS

•Require 1 central high PT lepton, 
≥4 central high PT jets (PTjets > 20 to 40 
GeV).  Reconstruct had top. 

•C:  2 b-tags, no jet overlap, converging kine fit for 
light jj with MW constraint

•A:  ETmiss >20 GeV,  TopHad=3 jets with largest 
PTtop,  at least 1 Mjj consistent with MW (can add 1 
or 2 b-tags)

no b-tag

ATLAS



Top at Atlas and CMS F.  SpanòMoriond 2009

480 Chapter 12. b and ! Tagging

where "o is the mistag rate for non-b jets in the sample. This mistag rate is determined from
the simulated data here but can of course be measured with real data when it becomes avail-
able.

It is possible to perform the measurement of "b for different cuts on the likelihood ratio. As
the value chosen for the likelihood ratio cut increases, the systematic uncertainty falls but
is offset by a rise in the statistical uncertainty. Hence, there exists a point of minimum total
uncertainty and this is the point where the estimation of "b is performed for a specific sample.

Sample independent calibration
Identification efficiencies for b jets depend on many sample-specific jet parameter distribu-
tions, of which the most important are the transverse energy ET and the pseudorapidity # of
the jet. To make the calibration of the b-tagging algorithms sample-independent, measure-
ments of efficiencies were performed as a function of these 2 parameters.

In Figure 12.36 the combined result from the 3 samples (semileptonic decays with muons,
semileptonic decays with electrons, and fully leptonic decays) of this ET-dependent mea-
surement of "b is shown for jets in the barrel (|#| < 1.5) and endcap (|#| > 1.5) regions
respectively, for 1 fb!1 of data. The b-tagging was performed using the combined secondary
vertex discriminant (Section 12.2.3). The working point chosen for these studies corresponds
to an average b-tagging efficiency of about 50%, and mistag probabilities for light quark jets
of less than 1% and for charm quark jets of about 6%. Figure 12.37 shows the correspond-
ing absolute and relative uncertainty expectations, together with an extrapolation, assuming
unchanged systematic uncertainties, to 10 fb!1 of integrated luminosity. The relative uncer-
tainty on the b-efficiency measurement is expected to be about 6% (4%) in the barrel and 10%
(5%) in the endcaps for 1 fb!1 (10 fb!1) of integrated luminosity.
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Figure 12.36: b-tagging efficiency measurement, as a function of the jet ET for jets in the
barrel (|#| < 1.5) and endcaps (|#| > 1.5).

• Count #ev with 0 to 3b-tag → 
εb, εc and xsec simultaneously

• Use kine/topology/
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highly enriched b-jet  
sample. Need bkg 
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vs ETjet, ηjet 
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Top for calib:jet E scale (JES)
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TOP – JETS FROM LIGHT QUARKS IN tt̄ EVENTS
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CERN-OPEN-2008-020

• χ2 fit to sim. template to 
get <JES>, resol.

• Iteratively rescale light jets with 
<Mjj>=MWPDG in bins of Ejet,η

• rescale b/light jets to maximize prob 
from χ2 fit (Mjj=MWPDG, MWb=MTop)

2% on <light JES> with 50 
pb-1  

use b-tag (A,C) 
(+likelihood (C)) to 
identify bjj (PT >40 GeV) 
for hadronic top
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A
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Measuring Top mass
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simple, cut based reco;  
fit with function

(assume unbiased jet scale)

 ℓ+jets 

CERN-OPEN-2008-020

•Use xsec selection for ℓ
+jets(C) + harder jets (A)

•Mtop←functional fit, full kine. 
fit(A), ev-by-event likel.(ideogram)(C)

ΔMtop=1 to 3.5 GeV in 1 fb-1 if ΔJES/JES is 1% to 5%
ΔMtop=1.2 GeV in 10 fb-1 if ΔJES/JES is 1.5% 

A

mtop(CDF+D0) = 173.1±1.2 GeV (up to 3.6 fb-1 - arXiv:0903.2503) 

C

ATLAS=A,CMS=C

•Reconstruct Whad w/wo b-tag(A)
•2-btags: closest jet pair(space),  min χ2  with MW 

constraint;
•1/no btag: min(MW-Mjj) jet pair 

•Tophad=Whad+closest (b)jet(space/
kin) (A),2 btags+bjj with largest likel.(C)

Stat error~0. 2-0.5 GeV (1-10 fb . Soon syst. domin: mostly (b)JES.

ΔMtopstat(1-10 fb-1)~0. 2-0.5 GeV. Soon syst. domin: mostly (b)JES.
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Measuring Top mass (II)
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 fully had 

8.2. Measurement of the top quark mass 225

from 20 to 120 GeV/c2. The error on the maximum of the fitted polynomial is determined
by propagating the errors on the fitted coefficients and taking into account their correlation.
As a cross check, an alternative way of fitting the signal with a gaussian was tried. In this
case the background is first subtracted on a bin-by-bin basis making use of an average back-
ground distribution determined by using all the simulated samples. The results obtained are
comparable.

The fitted maxima are expected to be correlated to the input value of the top mass. This
correlation is proven and fitted by a line (Figure 8.10). The two results at fast and full sim-
ulation are in impressive agreement. The correlation curves can be used to estimate the
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Figure 8.10: Left: correlation between the reconstructed three-lepton invariant mass and the
input top mass at full simulation. Right: expected statistical error on the top quark mass as
a function of the integrated luminosity.

expected statistical error on the top mass as a function of the available amount of data. This
is done by using the number of events expected according to Table 8.13, and the result is
presented in Figure 8.10. From the figure it can be concluded that the measurement of the
top quark mass with this analysis can become, on the statistical footing, competitive already
with other analyses’ total error after the first years of data taking. Moreover the measure-
ment is expected to be dominated by systematic errors in the long range, as explained in the
next section.

8.2.4.4 Systematic errors

The sources of systematic errors can be divided into two main categories: theoretical and
experimental. The former include the description of the hard process and the modelling of
radiation, fragmentation and the underlying event in the simulation, whereas the latter in-
cludes all experimental sources coming from an imperfect detector description. The sources
analysed in what follows are considered as uncorrelated and the corresponding resulting
errors on the top mass are summed in quadrature to form the total systematic error. To eval-
uate the effect of various sources the guidelines described in [200] and in Appendix B are
followed.

•Select ℓ+jets
•look for J/ψ from b decay 
•correlate M(J/ψ, ℓ from W 
in t →Wb) with Mtop 

Syst dominated by theory 
uncertainties, negligble JES ΔMtop~<2 GeV in 20 fb-1

Mtop  from J/ψ  

CERN-LHCC-2006-021

ΔMtop~4.2 GeV  in 1 fb-1 (limited by QCD/JES)

CMS

ΔMtop~1.2 GeV in 10 fb-1(need well known bJES) di-lepton Harder 
(neutrinos, 

combin. bkg)

CMS 
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CDF/D0: 5s.d. obs.  
Δσ/σ~22 to 26%

arXiv:0903.0850, 0903.0885

Exp Type S/B
(1fb-1)

Δσ/σ(%) (sta
±sys) fb-1

A cuts 0.37 5±45 (1.6±22) 1(10)
A BDT 1.31 5.7±22(1.8±10) 1(10)
C cuts 1.34 2.7±9.4 10

A : ΔVtb/Vtb ~12% (1fb-1)

t-chan: qℓνb(b)  

•complex kine. cuts on lep, b-jet, 
ETmiss,forward q’(A,C),

•multivariate: Boosted Decision 
Tree (shape variables) (A)

232 Chapter 8. Physics of Top Quarks

Figure 8.14: Feynman diagrams for the three channels of single top production.

MADGRAPH [80], and ALPGEN [160] programs as indicated in the Table 8.16. The hard
process events containing all needed information were passed to PYTHIA 6.227 [24] for show-
ering, hadronisation and decays of unstable particles. The tt and W + jets background
events were generated with the same PYTHIA version. All simulations were done with Mt =
175 GeV/c2 and Mb = 4.7 ! 4.8 GeV/c2, proper considerations of the spin correlations, and
the finite W -boson and t-quark widths. The list of the signal and background process cross
sections as well as generators used are given in the Table 8.16. Both the full simulation chain
(OSCAR [8] and ORCA [10]) and a fast simulation (FAMOS [11]) were used.

Table 8.16: Cross section values (including branching ratio and kinematic cuts) and genera-
tors for the signal and background processes (here ! = e, µ, " ). Different generator-level cuts
are applied.

Process #"BR, pb generator Process #"BR, pb generator
t-ch. (W # µ$) 18 (NLO) SINGLETOP Wbb (W # !$) 100 (LO) TOPREX
t-ch. (W # !$) 81.7 (NLO) TOPREX Wbb + jets (W # µ) 32.4 (LO) MADGRAPH
s-ch. (W # !$) 3.3 (NLO) TOPREX W + 2j (W # µ$) 987 (LO) COMPHEP
tW (2 W # !$) 6.7 (NLO) TOPREX W + 2j (W # !$) 2500 (LO) ALPGEN

tW (1 W # !$) 33.3 (NLO) TOPREX Z/%!(# µ+µ")bb 116 (LO) COMPHEP
tt (inclusive) 833 (NLO) PYTHIA

8.4.1.2 Reconstruction algorithms and triggers

Muons are reconstructed by using the standard algorithm combining tracker and muon
chamber information as described in [310]; tracker and calorimeter isolation cuts are applied
as described in [311]. The electrons are reconstructed by the standard algorithm combining
tracker and ECAL information, see [312]. The jets are reconstructed by the Iterative Cone
algorithm with the cone size of 0.5, see [313]; for the calibration both the Monte Carlo (in the
t-channel analysis) and the % + jets (in the tW - and s-channel) methods are used, see [314].
For b-tagging a probability algorithm based on the impact parameter of the tracks is used, as
described in [315].

Need bkg data-
driven estimates (tt, 
W+jets, QCD)+ 
excellent knowledge  
of det. perf. (b-
tag,JES) + lumi

BDT>0.6

1 fb-1

Top

CERN-OPEN-
2008-020

A=ATLAS,C=CMSSelect with

Subtract bkg and count
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s-chan: ℓνbb

Wt-chan: qqℓνb,ℓνℓνb

A: kine cuts, multivariate (BDT)
C: kine cuts, sophisticated b-W pairing
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Figure 8.14: Feynman diagrams for the three channels of single top production.

MADGRAPH [80], and ALPGEN [160] programs as indicated in the Table 8.16. The hard
process events containing all needed information were passed to PYTHIA 6.227 [24] for show-
ering, hadronisation and decays of unstable particles. The tt and W + jets background
events were generated with the same PYTHIA version. All simulations were done with Mt =
175 GeV/c2 and Mb = 4.7 − 4.8 GeV/c2, proper considerations of the spin correlations, and
the finite W -boson and t-quark widths. The list of the signal and background process cross
sections as well as generators used are given in the Table 8.16. Both the full simulation chain
(OSCAR [8] and ORCA [10]) and a fast simulation (FAMOS [11]) were used.

Table 8.16: Cross section values (including branching ratio and kinematic cuts) and genera-
tors for the signal and background processes (here ! = e, µ, τ ). Different generator-level cuts
are applied.

Process σ×BR, pb generator Process σ×BR, pb generator
t-ch. (W → µν) 18 (NLO) SINGLETOP Wbb (W → !ν) 100 (LO) TOPREX
t-ch. (W → !ν) 81.7 (NLO) TOPREX Wbb + jets (W → µ) 32.4 (LO) MADGRAPH
s-ch. (W → !ν) 3.3 (NLO) TOPREX W + 2j (W → µν) 987 (LO) COMPHEP
tW (2 W → !ν) 6.7 (NLO) TOPREX W + 2j (W → !ν) 2500 (LO) ALPGEN

tW (1 W → !ν) 33.3 (NLO) TOPREX Z/γ!(→ µ+µ")bb 116 (LO) COMPHEP
tt (inclusive) 833 (NLO) PYTHIA

8.4.1.2 Reconstruction algorithms and triggers

Muons are reconstructed by using the standard algorithm combining tracker and muon
chamber information as described in [310]; tracker and calorimeter isolation cuts are applied
as described in [311]. The electrons are reconstructed by the standard algorithm combining
tracker and ECAL information, see [312]. The jets are reconstructed by the Iterative Cone
algorithm with the cone size of 0.5, see [313]; for the calibration both the Monte Carlo (in the
t-channel analysis) and the γ + jets (in the tW - and s-channel) methods are used, see [314].
For b-tagging a probability algorithm based on the impact parameter of the tracks is used, as
described in [315].
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8.4.1.2 Reconstruction algorithms and triggers

Muons are reconstructed by using the standard algorithm combining tracker and muon
chamber information as described in [310]; tracker and calorimeter isolation cuts are applied
as described in [311]. The electrons are reconstructed by the standard algorithm combining
tracker and ECAL information, see [312]. The jets are reconstructed by the Iterative Cone
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8.5. Search for flavour changing neutral currents in top decays 245

in combination with the missing transverse energy (Emiss
T > 20 GeV) have a transverse mass

less than 120 GeV/c2; (d) only one jet compatible with b jet with pT > 40 GeV/c; (e) invariant
mass of candidate W and b jet in the range [110-220] GeV/c2; (f) one light-jet (not compatible
with b jet) with pT > 30 GeV/c (g) an invariant mass obtained from the combination of the
Z and the light jet that lies in the range between 110 GeV/c2 and 220 GeV/c2; (h) the trans-
verse momentum of the Z + light-jet system recoiling against the transverse momentum of
the SM-decaying top quark satisfying cos φ(tt) < 0.

The total efficiency for the signal is ε = 0.041 ± 0.002. A total of 1 ± 1 background events
are accepted for a luminosity of 10 fb!1. The SM background tt ! (νlb)(νlb) is the only
background that gives a significant contribution. The uncertainties are statistical only.

8.5.4 Sensitivity estimation

For the FCNC sensitivity estimation, it is assumed that new physics is observed when the
signal significance is 5 at least. When dealing with a small number of background (B) events
with respect to signal ones (S), an appropriate definition of significance is [49]:

S12 = 2
!"

B + S #
"

B
"

(8.15)

S12 defines the probability (in number of sigmas) that a background with expected value B
fluctuates above observed number of events S + B with Poisson statistics. The number of
signal events for the t! Zq and t! γq channel can be expressed as:

S(t! Zq) = 2$BR(t! Zq)$Br (W ! lν)$Br (Z ! ll)$ σ(tt̄)$ L$ ε(t! Zq)
S(t! γq) = 2$BR(t! γq)$Br (W ! lν)$ σ(tt̄)$ L$ ε(t! γq) (8.16)

where L = 10 fb!1, σ(tt̄) = 833 pb, BR(W ! lν) = 0.2136, BR(Z ! ll) = 0.0673 (l =
e, µ), ε selection efficiency for the signal. From these formulae, the FCNC branching ratios
BR(t ! Zq) and BR(t ! γq) can be calculated for a given significance level S12. Without
the inclusion of systematic uncertainties, the sensitivity for a significance level of S12 = 5 is
BR(t! Zq) = 11.4$ 10!4 and BR(t! γq) = 5.7$ 10!4, also shown in Figure 8.17.
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Figure 8.17: Branching Ratios of a FCNC signal detectable at the 5 sigma level as a function
of the integrated luminosity, for the qγ (left) and qZ (right) channels, shown with (solid line)
and without (dashed line) systematic uncertainties.

The sources of systematic uncertainty are divided into two groups: those related to detector
effects and those related to theoretical issues. For both kind of sources, the impact on the
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Search for FCNC rare decays (t→{Z,γ,g}q), top resonances (Z’, 
KK modes..) , .  Check anomalies in spin, charge,couplings..

CDF/D0: MtTnarrowZ’<720-820 GeV @95%CL (0.6 to 1/ 3.6fb-1 )

CERN-LHCC-2006-021

ATLAS(1fb-1): 5s.d. discovery for MZ’=0.8-1 TeV if  xsec~3 to 10 pb
Top at Atlas and CMS F.  Spanò

CMS
•Require 

•1b-tag,1 light jet,2 isol. ℓ- ℓ+

(e, μ) with M(ℓ- ℓ)=MZ±10, 
•M3rdlep +Etmiss<110 GeV,MWb 
& MZj in[110,220] GeV
• cos(Zq,Wb)<0

•Subtract bkg (tt di-lep) and 
count

CDF: BR(t->Zq) < 3.7% @95% C.L (1.9 fb-1)

syst: jet/lep E scales, b-tag
10 fb-1: BR(for 5s.d.)~14.9 10-4

 Z’→tt

 tt→Zqℓνb→ ℓ- ℓ+ qℓνb

no syst
with syst
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Conclusions
• LHC is a top factory (for both √s=10 TeV and 14 TeV).  

Most measurements are quickly systematics limited.

•  At √s =14 TeV, ATLAS and CMS can accomplish

• Top re-discovery with O(10 pb-1) 

• Basic measurements + calibrations with O(100 pb-1):  tt 
cross section known to ~10-20%, btag efficiency to 5 to 
10% 

• Precise measurements with O(1-10 fb-1):  JES to 1-2%, 
single top x-sec in t-chan known to ~20%, Mtop to 1 to 3 
GeV. 

• Exploration beyond SM with O(10 fb-1): FCNC rare 
decays, small xsec resonances...

• Analyses being re-optimized to cope with different sig/
bkg ratio at √s =10 TeV. Eagerly waiting for LHC to start!

16


