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Top quark
First observed in 1995 by CDF and D∅ (Tevatron);
[F Abe et al,PRL,74:2626-2631,1995; S. Abachi et al,PRL,74:2632-2637,1995]

Completes the 3 family structure of SM;
Mass ∼ 173.3± 1.1 GeV [arXiv:1007.3178];
Electric charge = 2/3|e|, Spin = 1/2;
Fast decay: τ ∼ 4× 10−25 s, Γ = 1.42 GeV;
Dominant decay to t → Wb:
|Vtb| > 0.999⇒ BR(t → Wb) ∼ 1
Production mechanisms at the LHC:

top pair production:

single top production:
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Motivation

Why the Top quark @ LHC ?

+ It has a rich phenomenology

t t̄ production

σt t̄
Mass
Charge
FCNC
t t̄ resonances
W polarization
Anomalous couplings
t t̄ Spin correlations

Single top production

cross section
FCNC
polarization
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ATLAS detector – Current status

Day in 2010
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 = 7 TeVs     ATLAS Online Luminosity

LHC Delivered

ATLAS Recorded

-1Total Delivered: 48.9 pb
-1Total Recorded: 45.0 pb

45 pb−1 of data recorded in 2010;
Single lepton triggers ≈ 35 pb−1;
Maximum instantaneous luminosity
exceeded 2× 10−32cm−2 s −1;
Very good data-taking efficiency
in ATLAS, and very high
fraction of good quality data;
2011 data-taking in progress:
25.9 pb−1 of data recorded.

4 / 20



General t t̄ selection
Cosmics, pile-up rejection: > 4 tracks from primary vertex
Trigger: Single lepton trigger (electron or muon)
Leptons: isolated electron or muon, pT > 20 GeV
Jets: anti-kt , R = 0.4, |η| < 2.5

semileptonic dileptonic
• 1 lepton • 2 leptons with opposite charge
• ≥ 4 jets with pT > 25 GeV and |η| < 2.5 • ≥ 2 jets with pT > 20 GeV, |η| < 2.5
• e: 6 ET > 35GeV and mT (W ) > 25 GeV • ee/µµ: |Mll −MZ | < 10 GeV,6 ET > 40 GeV
• µ: 6 ET > 20GeV , 6 ET + mT (W ) > 60 GeV • eµ: HT > 130 GeV
• At least one jet is required to be b-tagged • No b-tag requirement

t t̄ signal generated with NLO generator MC@NLO v3.41 and using NLO parton
density function (PDF) set CTEQ66.
Background model is a combination of data-driven methods (QCD, W/Z+jets)
and MC events (diboson/singletop/τ+τ−) depending on each analysis.
Signal templates for W helicity studies were generated with PROTOS generator.
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t t̄ semi and dileptonic events

+ top candidates seen in ATLAS:

semileptonic e+jets w/btag dileptonic eµ+jets w/2 btag
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Top quark mass

3 complementary methods developed to reduce JES uncertainty on top mass
measurement.
The 1D template analysis to measure the top quark mass is based on the ratio:

R32 =
mreco

top
mreco

W
=

mjjb
mjj

(low sensitivity to JES)

e + jets µ + jets

mtop = 169.3± 4.0± 4.9 GeV

Dominant systematics
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Top quark mass
The 2-dimensional JSF template analysis complements and cross-checks the
top quark mass measurement:

mtop = 166.1± 4.6(stat)± 4.4(sys) GeV

Summary of top quark mass measurements with different methods:
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Top quark mass

Top quark mass from the t t̄ cross section measurement.

Top quark mass is unambiguously defined as the pole mass and x-sec inferred
from higher-order perturbative corrections.
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W helicity
testing a SM prediction [Phys. Rev. D 45 (1992) 124]

SM: F0 = 0.698 (LO) FL = 0.301 (LO) FR = 0.00041 (LO)
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PSfrag replacements

Wt b

θ`b

θ∗
`

= π − θ`b

ν

`

1

N

dN

d cos θ∗
`

=
3

2

24F0

 
sin θ∗`√

2

!2

+ FL

 
1− cos θ∗`

2

!2

+ FR

 
1 + cos θ∗`

2

!2
35

Az =
N(cos θ∗`>z)−N(cos θ∗`<z)

N(cos θ∗
`
>z)+N(cos θ∗

`
<z)

AFB = −0.227 A+ = 0.544 A− = −0.841
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W helicity
Templates method:

µ + jets e + jets

Correction function method:

e + jets µ + jets

Measurements dominated
by stat. uncertainty.

Main systematics:
ISR/FSR; Bkg. model; JES.

11 / 20



W helicity
General Wtb vertex

L = −
g
√

2
b̄ γµ (VLPL + VRPR) t W−µ −

g
√

2
b̄

iσµνqν
MW

(gLPL + gRPR) t W−µ

+ W helicity fractions (F0, FL e FR) depend on the anomalous couplings:
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+ Allowed regions for Wtb anomalous couplings, obtained w/ A+ and A− (TopFit):

Nucl. Phys. B 840 (2010) 349, 1005.5382 [hep-ph]; Eur. Phys. J. C 50 (2007) 519, hep-ph/0605190
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t t̄ + anomalous Emiss
T

Search for anomalous missing transverse energy in a final state with a single lepton and
four or more jets.

Search for a pair-produced top partner (T) decaying to a top quark and a long-lived neutral
particle (A0) which escapes undetected:

Selection: Emiss
T > 80 GeV, mT > 120 GeV; dilepton veto: pT > 15 GeV, tracks, loose

electrons. mT =

q
2pl

T Emiss
T (1− cos(φl − φEmiss

T ))
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t t̄ + anomalous Emiss
T

No disagreement between data and SM expectation:

mT > 300 GeV (mA0 = 10 GeV), mT > 275 GeV (mA0 = 50 GeV) exclusion at 95% CL
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FCNC
t → qZ analysis (cut-based):

Upper limits on the FCNC top quark decay BR at 95% CL:
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FCNC
qg → t analysis (neuronal network):

Upper limits on the FCNC single top quark production at 95% CL:
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Conclusions

Top quark mass measurement compatible with the world average:

mtop = 169.3± 4.0(stat)± 4.9(sys) GeV

Helicity fractions and angular asymmetries measurements are consistent with
SM values.

No evidence was found of t t̄ events with anomalous Emiss
T above those predicted

by the Standard Model. Exclusion limits at 95 % CL were set for mT (as a funtion
of mA0 ).
No evidence was found for FCNC processes. Limits were set at 95 % CL.

The era of top quark precision measurements at LHC has started:
The increase on statistics predicted for 2011 will improve the measurements.
Improved detector understanding and advanced analysis techniques will reduce
systematics.
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BACKUP — ATLAS DETECTOR
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BACKUP — Luminosity 2011
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BACKUP — Systematics top mass 1D template analysis
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