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motivation

• analysis of the properties of top quarks is one of the main
topics at LHC – LHC is a top quark factory.

• good test of pertubative QCD which predicts tt̄ cross
section.

• top quark mass and its decay properties allow test of
standard model and Higgs sector.

• top quark events are dominant background in many
searches for new physics at TeV scale. extraction of new
physics requires detailed measurements and understanding
of production rates and properties of top quarks.

• hadronic decays (W → qq) provide in situ calibration
source for calometry at LHC.
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LHC and the ATLAS detector

• the Large Hadron Collider is currently being built at
CERN.

• head-on collisions of 2 separate beams of protons up to an
energy of 7 TeV

• four large experiments: ATLAS, CMS, LHCb and ALICE
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the ATLAS Detector

• inner tracker

• calorimeter

• muon spectrometer

• magnetic system
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tt̄ production at LHC

main process:
gg → tt̄ (≈ 87 % at LHC)
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in addition:
qq̄ → tt̄ (≈ 13 % at LHC)
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expected tt̄ cross section at LHC:
σ(pp → tt̄) ≈ 833 pb (NLO)

this corresponds to:
8 · 106 tt̄ events per year at

∫
L dt = 10 fb−1

→ LHC is a real top quark factory.
→ study of properties of the top in great detail.
→ test predictions of standard model for top quarks.
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tt̄ decay at LHC

according to the SM, the top quark decays almost exclusively
to W + b.
hence the final state topology depends on the decay modes of
the W bosons.

• hadronic decay:
tt̄ → W +W−bb̄ → qq̄′qq̄′bb̄
6 final jets, 44 % of all tt̄ events

• leptonic decay:
tt̄ → W +W−bb̄ → lνl−νbb̄
2 final jets, 2 leptons, 2 6ET , 26 % of all tt̄ events

• semileptonic decay:
tt̄ → W +W−bb̄ → lνqq̄bb̄
4 final jets, 1 lepton, 6ET , 30 % of all tt̄ events
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hadronic decay
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most common top decay

branching ratio of 44 %
corresponds to 3.7 · 106

multijet events for∫
L dt = 10 fb−1

huge QCD multijet
background
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QCD background
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jets in the QCD multijet background
originate predominantly from gluon
radiation.
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presumed QCD multijet cross-section
for pT > 100 GeV (hard processes):
σQCD = 1.4 µb (2 to 6 jets)
σQCD = 0.3 µb (5 and 6 jets)

in comparison to:
σ(pp → tt̄) ≈ 833 pb (NLO)
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signal selection

event shapes:

• tt̄ event: tt̄ → W +W−bb̄ → qq̄′qq̄′bb̄
big difference in mass in the decay levels
t → Wb and W → qq̄. leads to large angles
between decay particles.
⇒ spherical structure of event

• background event: g → g + g + g
dominated by collinear and infrared singularities.
leads to small angles between the jets.
⇒ flat structure of event
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a) sphericity: defines how spherical an event is.

0 ≤ S ≤ 1

b) aplanarity: defines how the jets in an event
are placed with respect to a plane.
measure of the transverse momentum component
out of the event plane.

0 ≤ A ≤ 0.5

tt̄ events tend to have higher aplanarity and
higher sphericity than background.
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more options for signal selection:

• |η| < 3 and |η| < 2.5 for b-jets
(pseudorapidity η = −ln tan( θ

2))

• scalar sum of jets pT ≥ 125 GeV
(reconstructed value)

• b-tagging: identify secondary vertex in event

• selection of dijet pairs from jets, which were
not classified as b-jets
⇒ W → qq̄ candidates

• calculation of invariant mass: |mqq̄ −mW |
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jet reconstruction: the kT algorithm

• Rij = (ηi−ηj)
2+(Φi−Φj)

2

• D is specified parameter
(scaling parameter)

• dCut: cut-off parameter
defines hard scale of event
Λ2

QCD � dCut ≤ s

• dmin > dCut: all remaining
objects are classified as
jets

• size of jets is dynamic, no
overlapping jets
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first results

• tt̄ events (∼ αs) are produced with the LO generator
PYTHIA.

• QCD background has to be generated with help of MC
generators using calculations of higher order in αs , i.e.
ALPGEN, which can produce up to six final state jets
(∼ α6

s ) at LO.

1) weighted events with 3, 4, 5 and 6 jets in final state are
generated with ALPGEN.

2) events are unweighted in second ALPGEN run.
3) unweighted events are run in PYTHIA (exclusive mode),

where parton shower, CKKW matching and jet algorithm
are applied to the events.

4) events are scaled to the same luminosity:
Ltt̄,PYTHIA = 0.545 fb−1
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• determination of cut-off parameter dCut

dCut_hist_part_6jet

Entries  5000
Mean    370.7
RMS     248.3

]2dCut [GeV
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dCut_hist_part_6jet

Entries  5000
Mean    370.7
RMS     248.3

 at 7 -> 6 jetsCutd

 at 6 -> 5 jetsCutd

distribution of dCut at jet merging 7 → 6 jets and 6 → 5 jets.
best dCut for generating events with six jets in final state:

400− 500 GeV2
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• jet multiplicity for tt̄ → 6-jet (PYTHIA), QCD multijet (only
parton shower in PYTHIA) and ALPGEN 3,4,5 and 6 jet events
on hadron level for dCut = 450 GeV2

jet multiplicity
0 2 4 6 8 10 12 14

jet multiplicity
0 2 4 6 8 10 12 140

5000
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20000

25000

ttbar 6jet

jet multiplicity
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jet_multiplicity_hadron_level

Entries  90000

Mean    6.236

RMS     1.685

alpgen 6jet
alpgen 5jet

jet multiplicity
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jet multiplicity
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jet_multiplicity_hadron_level

Entries  90000

Mean     3.81

RMS     1.334
jet_multiplicity_hadron_level

Entries  90000

Mean    3.341

RMS     1.196

alpgen 3jet
alpgen 4jet
PYTHIA QCD (parton shower)

⇒ require ≥ 5 jets
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• pT of tt̄ and background events on hadron level

 [GeV]T,totp
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 QCDT6,totp
 ttbarT6,totp

 alpgen 6jetT,totp
 alpgen 3->6jetTsum p

 alpgen 5jetT,totp

total transverse momentum in
event

⇒ require pT ,tot ≥ 125 GeV

 [GeV]T,minp
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 QCDT6,minp
 ttbarT6,minp
 alpgen 6jetT6,minp

 alpgen 3->6jetT,minsum p
 alpgen 5jetT,minp

minimum transverse
momentum of jet in event

⇒ require
10 GeV ≤ pT ,min ≤ 70 GeV
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• sphericity and aplanarity of tt̄ → 6-jet, PYTHIA QCD
and ALPGEN events on hadron level

sphericity
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aplanarity
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ttbar 6jet
alpgen 6jet
alpgen 5jet
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• sphericity and aplanarity of tt̄ → 6-jet, PYTHIA QCD
and ALPGEN events on hadron level for first selection cuts

spher_hadronic

Entries  360000

Mean   0.2214

RMS    0.1692
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spher_hadronic

Entries  360000

Mean   0.2214

RMS    0.1692

ttbar
alpgen 6jet
alpgen 5jet
sum alpgen 3jet->6jet

aplan_hadronic
Entries  360000
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RMS    0.04567
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aplan_hadronic

Entries  360000
Mean   0.03943
RMS    0.04567

ttbar

alpgen 6jet
alpgen 5jet
sum alpgen 3jet->6jet

spher_hadronic_cut
Entries  58120
Mean   0.2213
RMS    0.1684
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aplan_hadronic_cut
Entries  58120
Mean   0.04417
RMS    0.04331
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aplan_hadronic_cut

Entries  58120
Mean   0.04417
RMS    0.04331

ttbar
alpgen 6jet
alpgen 5jet
sum alpgen 3jet->6jet

cut 1: number of jets ≥ 5

cut 2: pT6,tot ≥ 125 GeV
cut 3: 10 GeV ≤ pT6,min ≤ 70 GeV
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summary and outlook

• at LHC the largest source of top quarks is from
gg → tt̄ production.

• the largest sample of tt̄ events consists of 6-jet events
from fully hadronic decay.

• isolation of the top signal by using kinematic cuts and
cuts on the number of jets.

next steps:

• implement and study further selection variables.

• use ATLAS software (Athena) to generate “more
realistic“ tt̄ events including detector simulation.
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b-tagging

Jet6

Jet5

Jet2Jet1

1l

W+, m= 79 GeV

Jet3

Jet4

l2

W−, m = 79 GeV
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(b)

(b)

−

τ(t) = 0.5 · 10−24 s
⇒ no hadronization

τ(b) = 1.5 · 10−12 s
⇒ b decays a few mm
off primary vertex

εb−tag = 50− 60 %

b-tagging labels a jet as b-jet if a b-quark of pT > 5 GeV is
found in a given cone ∆R = 0.2 around the reconstructed jet
for jets with |η| < 2.5
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how to find a secondary vertex
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• identify primary vertex

• find crossing tracks off primary vertex

• crossing position indicates secondary vertex

• L
δVertex > 3 ⇒ secondary vertex in event
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the kT algorithm

at most hadron colliders the cone algorithm is used for the
reconstruction of jets. The cone algorithm clusters particles to
a jet when they are within a radius of R =

√
(∆η2 + ∆φ2).

⇒ overlapping jets.
the kT algorithm combines particles with similar p2

T to one jet.
maximum distance between the particles: dCutJet Algorithms

Jet algorithms have two steps

Clustering hadrons, calorimeter tower etc., 
for �nearness�
Nearness in Angle     => Cone Algorithm
Nearness in Momentum  => Kt Algorithm

Recombination Scheme is the momentum 
addition rule for the set of particles that
have been identified with a jet.

Cone jetKT jet

� 4-vector addition
� Snow mass scheme
� . . . 

Cone Algorithm

- Order calorimeter towers in ET

- Cluster particles within a radius
R = √∆η2 +∆φ2

- Iterate until a stable cone axis is found
- Repeat procedure for all Seed towers

jet
T

k k
k
Tjet

jet
T

k k
k
Tjet

k

K
T

jet
T

E

E
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E

E

,EE
Snowmass Recombination
Scheme


	motivation
	LHC and the ATLAS detector
	t production and decay at LHC
	QCD background
	signal selection
	first results
	summary and outlook

