The last quark discovered. Precision SM measurements predict

its existence and its mass.

In particular the asymmetry backward-forward of b-jets produced
in e+e- annihilation at the Z resonance can be easily explained
assuming that the b quark is in an SU(2) doublet with the top quark

Precision electroweak fits constrained the mass: 178" GeV

mass—s| 2.4 MaV 1.27 GeV 171.2 GeV 0

The top discovery dates 1995 by the “w.ful |[2C |zt £

. name—» up charm top photon
two experiments at the Tevatron S ——
Collider. g d s ilhb 09

S down strange bottom gluon
We are now in the era of precision AVGIAVERVRY
Top measurements cbveing | | navimo | | nevino | |L&0980N

0.511 MeV 105.7 MeV 1.777 GeV 80.4 GeV

-1 -1 -1 * +|
Y2 e Y2 u Y2 T 1 U U

electron muon tau W boson

Gauge Bosons

Leptons




Top Quark Cross Sections

olpp—=tt+X)= Z / dridz; x Fi(z; p)Fi(x;.0)05 (2 j.?r'afﬂp.;.ag}
iy]
mfop/ 2 <u<2m since the mass is so large the calculation can be
performed with the perturbative QCD
At LO the diagrams that contribute are

q t 9 toyg t g t
=, I K
q t g t 9 t 9 t
LHC: 80% gluon fusion 20% qq
Tevatron: 85% qq 15% gluon fusion

NLO calculations available.



Top Quark Cross Sections high order

NLO calculations are important: ~50%

Since not everything is in agreement with the theoretical expectations
theoreticians are calculating also the NNLO corrections

4
Gaqrti(B) = QS;;‘t) {LO +NLO + NNLO}
t
Preliminary Lo - green
NLO - blue

NNLO - red (with errors)
approximate NNLO - black
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Top Quark Decay

Quark top decay before it can form a bound state

T~ 107% sec‘ compare to ‘TQCD ~ 1072 sec
b (
Wt — £+Lfg
It dZCCl.YS y . / t— pWT ¢
predominantly L’“"‘L*LH | W+ — qf
W
The event is

ttbar Decay Modes

Oete Emu+mu  Mtau+tay  Oe+mu He+tau
Omut+tau  Metjels Omutjets Otautjets  Dall had




In order to measure the top-anti-top cross section we need:

N, —-N S N,... = humber of events identified

Oy = N = number of events of

ACCI Ldt Background

background that passes the selections
Acc = acceptance
JLdt = integrated luminosity

These numbers have to be evaluated for each selection



Top Quark Reconstruction

Detector

Events classified depending on the W decay:

® Di-lepton: low yield, low background, well defined leptonic
signature, neutrinos - MET

® | epton+jets: higher yield, moderate background, lepton
signature + MET + jets

® All hadronic: highest yield, huge background, only jets



Top Quark Events Reconstruction: Common tools

Final states always with jets and b-quark in jets.
1. Reconstruct jets

2. Use b-tag algorithm to determine if the jet is originated by a b-quark

Jet Energy Scale (JES) is one of the major
source of uncertainty (see discussion on jet
reconstruction)

Top analysis now use a hew method to determine
the energy scale: the “in situ” calibration.

Use cone algorithm



Common Tools: "In situ” Energy Calibration

In the decay channels where both Ws decay in hadrons it is possible
to leave the JES as free parameter and fit the W mass.
Templates with different JES are produced and the W mass is fitted

?‘“ _ tt m3* templates, 1 tag events (Miop = 175.0) g‘-"-‘ﬁ:_ tf m3® templates, 2 tags events (Mtop = 175.0)
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Top Quark Reconstruction:Common tools

2. Use b-tag algorithm to determine if the jet is originated by a b-quark

Primary vix

jet

Lepton

Displaced

Vertex
displaced

 tracks

Pu, |

- \ i Impact parameter

* Select tracks with high impact
parameter respect to primary
vertex

* Request at least 2 tracks

* Fit the tracks to identify a
secondary vertex

« Cut on decay lenght ny to be

compatible with the distance
traveled by a b-hadron



Requirements: Requirements:

> two high Propposite charge i one high P .isolaTe'd leptons
isolated leptons g at least 4 high E; jets
> at least 2 high E_jets at least one b-tag

» Significant MET
» at least one vertex b-tag

» Significant MET

Major Backgrounds
Process with 2 leptons in the final
state: Drell-Yan Z/vy*, WW WZ,ZZ
QCD: fake leptons

Major Background
Process with 1 lepton + jets in
the final state: W+jets
Other contributions from non-W




$ AILAS

’ EXPERIMENT =

6 Jet Eventin 7 TeV Collisions

Requirements:

» at least 6 high E; jets
> at least one b-tag

» Small MET

> No leptons

Dominant Background: QCD multi-jets
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Top Quark Event count

In order to count the number of top-anti-top event candidates the
number of events is plotted versus the n umber of jets per event.
In each bin the contribution of sighal and background is different.
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Top Quark Event count - 2

In order to increase the purity of the sample the number of b-tagged
jets are counted or at least 2 b-jets are required.
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N

Inserting the number of signal and

Data *'B d .
o,=—" ackground | hackground events in the formula and
ACCILdf knowing luminosity and efficiency on signal
we have the cross section
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Top can be produced also via electroweak interaction involving a vertex
W1b. There are three different production models depending on the
Q° of the W:

1. ¥-channel: a virtual W-boson interact with b-quark (sea quark) (a)

2. s-channel: a virtual W boson q*>(m,_+m,)* is produced by the fusion

of 2 quark of SU(2) isospin doublet (b)
3. W-associated production: top quark is produced with a real W-boson
starting from a sea b-quark and gluon (c)

u(d) d(i)
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Single Top Quark Expected Cross Section

Single top cross section t-channel
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N. Kidonakis, DIS 2011, Newport News, Virginia, April 2011
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Single top at Tevatron s-channel 521,96 Tev

Single Top Quark Expected Cross Section
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Single top cross section s-channel

Tevatron
PRD74,114012,(2006)

Single antitop LHC s-channel NNLO approx (NNLL) p=m

T80
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Single Top Quark Expected Cross Section

PRD74,114012,(2006)
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Single top cross section:
W1t associated production

Not enough sensitivity at Tevatron
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Single Top Quark Event Signature

s-channel production

t-channel production

Requirements:
> one high P+ isolated lepton
> at least 2 high E_ jets

> at least one vertex b-tag
> large MET

Major Backgrounds

® W-boson+jets

¥ top-anti-top

W QCD: multijets

-

7 " Not
at

Tevatron
t

Associated Wt 1}1‘Dduction

Requirements:

» 2 high P+ isolated lepton
> at least one b-jets

> large MET

Major Backgrounds

¥ top-anti-top
W Z-boson+jets
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Single Top Quark Signal Extraction Tevatron

Use multivariate analysis techniques:
- parametrize the signal distributions using Monte Carlo
- use a combination of Monte Carlo and data to have the background

distributions.
- "train” a Neural Network or any other method to distinguish signal

from background.
- apply the "method” to data
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Use multivariate analysis techniques and cut based analysis since the
number of expected events is much higher.

CMS preliminary, 1.14 fo”, Muons, \§ = 7 TeV
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G [pb]

Single Top Quark Cross Section Results

t-channel single top quark production

B 1 T | 1 1 1 | T T T | 1 R
| L CMS preliminary, 1.14/1.51 fb K ]
B ATLAS preliminary, 0.7 fb
1 02 = ¥ D054 =
B i CDF32f° 3
1 D E_ e MLO QCD (5 flavour scheme)

= theory uncertainty (scale @ PDF)

Campbell, Fraderix, Mallani, Tramontano, JHEP 10 {2009) 042

1 | MLO+NMLL QCD
- { theory uncertainty (scale & PDF)

Kidonakis, Phys. Fev.D 83 (2011} 001503
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W1 production: there are limits on the cross section from Atlas
and CMS



Wtop Associate Production

ee, ey and pp final states (with no extra leptons)
Jet selection: exactly 1 jet (ATLAS/CMS), b-tagged (CMS)
MET: significant

Anti Z+jets: Remove events in the Z mass window 81 < mll < 101 GeV

o e G | ATLAS:
: Observed significance of 1.20

With a value of the cross-section:
otW = 14 +5.3-5.1(stat.) +9.7-9.4(syst.) pb

1 |CMS:

Observed (expected) significance of

fletitag  2jetttag  2jet2tag 2.70 (1.8+0.90)

Measured value of the cross-section:
otW = 22 +9-7 (stat+sys) pb
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Top Quark Properties
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spin correlation,
charge asymmetry,
A

FB

production cross-section,
production kinematics,
production via resonances

CKM |V._|, anomalous coupling,

rare decays, hew particles

t“ lifetime, width

mass, charge,

W helicity
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