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Physics at LHC
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200 W-bosons
50 Z-bosons
1 tt-pair

per second!

Low luminosity phase with
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Top-Pair Decay Channels
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2/3 1/3BR(                             )  ~ 100%

BR(                             )  ~ 11%
BR(                             )  ~ 45%
BR(                             )  ~ 44%

W+W− → lν̄ l̄ν
W+W− → qq̄qq̄
W+W− → qq̄lν

tt̄→ bW+ b̄W−
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Event Selection for 
tt̄→ bb̄qq̄lν

(Christoph Rosemann)
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Semileptonic Decay Channel
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• 44 % decay in the 
semileptonic channel

• one charged lepton
• two b-jets
• two non-b jets

combination of 
“easy” tag and high statistics
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Semileptonic Decay Channel
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• Good channel for measuring cross section 

• Differential cross sections could be possible as well

• Allows SM checks
• Do our pdfs work?

σ(tt̄)

dσ

dpt
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Q2 = 3502GeV 2

x = 0.005

√
spp = 14 TeV
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Cross sections need very clean 
studies of systematic effects!

S/N =
1

6000
→ S/N =

1
7
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For instance: 
how affect the selection criteria 

the phase space?

Semileptonic Decay Channel
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• ID plays an important role for counting 
measurements

• Working on likelihood for electron ID
• Already a good performance
• Will go into official e/gamma 

reconstruction
Likelihood Ratio Value
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tt̄→ bb̄lν̄ l̄ν
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Spin-Spin Correlation in 

(Benedikt Hegner)
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Spin of the Top Quark
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• short decay lenght (about 1fm)
• decays before hadronisation/

spin flip
• spin measurement possible

(top is the only “bare” quark!)
• spin state strongly correlated to 

production mechanism
• dileptonic channel has strongest 

“signal”
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tt̄ spin correlation

The top quark decays via an on-shell W boson in contrast to the much lighter d, u, s,
c and b quarks which are not able to decay in such a way. Therefore the decay width
of the top quark (see equation 2.1) is rather large, corresponding to an extremely short
life time. Hence the top quark decays before it can form hadronic bound states. This
unique feature can be used to investigate the spin of the top quark which is not possible
in the case of the lighter quarks where the spin information gets diluted by hadronisation.
Moreover the time for a spin-flip is much larger than the top quark life time such that the
probability of a spin-flip by the emission of one or several gluons via a chromomagnetic
dipol transition is very small. Thus the measurement of angular distributions of the top
quark decay products allow to deduce the top quark spin and to look for deviations of
the standard model couplings.

Here the spin correlation is measured in the dileptonic tt̄ decay channel with the help
of a double differential lepton angular distribution. The observable and its measurement
are explained in the section below. In addition some explicit values are discussed for
the LHC and the Tevatron. Subject of the next section is the event selection and the
reconstruction of top quarks. The tt̄ spin correlation is determined in the following section.
A correction is applied for the distortion of the phase space. Then a functional dependence
can be established between the values of the generated and the diluted reconstructed spin
correlation. Moreover the influence of a neutral Higgs boson as discussed in chapter 7
is investigated. In the last section systematic uncertainties are discussed. The dominant
contribution comes from the current uncertainty of the gluon density of the proton.

6.1 Spin sensitive observables

The spin of the top and antitop quarks can be inferred from their parity violating weak
decay. For a decay particle f the angular distribution of its direction of flight in the rest
frame of its polarized parent top quark with respect to the top spin vector can be written
as

1

N

dN

d cos θ±
=

1

2
(1 + κf cos θ±) . (6.1)

The indices of the angle θ correspond to the top quark (+) and the antitop quark (-)
respectively and the coefficient κf determines the spin-analyser quality of the top quark
daughter particle as listed in table 6.1. For the antitop quark the spin-analyser qualities
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CHAPTER 6 T T̄ SPIN CORRELATION

f !+, d̄, s̄ ν!, u, c b W low energy q, q̄

κf 1 −0.31 −0.41 0.41 0.51

Table 6.1: Spin-analyser quality κf of the top quark daughter particle f for the V − A
charged current. In the last column the coefficient κ of the W boson daughter particle
with the lower energy in the corresponding top rest frame is given.

are obtained by reverting the sign of the coefficient κf , e.g. κ!− = −κ!+ = −1. The order
αs QCD corrections to the decays t → b!ν and t → Wb of polarized top quarks are small
for top and antitop quark polarisation observables [Cza91], [Sch96], [Fis99]. Therefore
the investigation of the tt̄ spin correlation can be accomplished with the leading order
matrix elements of [Ber98a], [Sla01] implemented in PYTHIA 5.7. In the tt̄ production
the spin correlation between the decay products of the top quarks is most significant in
the dileptonic decay channel since the spin-analyser quality of the leptons is maximal
as can be extracted from table 6.1. Thus dileptonic tt̄ events are predestinated for the
investigation of the spin correlation.

Neglecting higher order QCD corrections the normalised double differential angular
distribution of the two leptons is given by

1

N

d2N

d cos θ∗!+ d cos θ∗!−
=

1

4
(1 −A cos θ∗!+ cos θ∗!−) . (6.2)

The asymmetry coefficient

A =
N(tLt̄L + tRt̄R) − N(tLt̄R + tRt̄L)

N(tLt̄L + tRt̄R) + N(tLt̄R + tRt̄L)
(6.3)
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Figure 6.1: The lepton angles of the helicity basis are obtained by measuring the opening
angle between the (anti-)lepton momentum vector in its parent (anti-)top quark rest frame
and the (anti-)top quark momentum vector in the tt̄ quark pair rest frame. The cosine
of the angles is given by the scalar product of the normalised (anti-)lepton and (anti-)top
quark momentum vectors. This is the scalar product of their directions of flight.
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30 KAPITEL 5. MASSENBESTIMMUNG DES TOP-QUARKS

des Partonenschwerpunkts gegenüber dem Detektor bestimmt wird. Die Erhal-
tung des Transversalimpulses gilt jedoch streng genommen nur unter Berücksich-
tigung weiterer Abstrahlungen vor der Wechselwirkung, der so genannten Initial
State Radiation (ISR) und einem etwaigen vorher vorhandenen Gesamttransver-
salimpuls der Partonen pInitial

t . Für eine Rekonstruktion der Kinematik kann also
nur die Impulserhaltung in der transversalen Ebene

0 = pt
x + pt̄

x + pISR
x + pInitial

x (5.3)

0 = pt
y + pt̄

y + pISR
y + pInitial

y (5.4)

Verwendung finden.
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Abbildung 5.1: tt̄-Paarproduktion mittels Gluonfusion und Zerfall im dileptoni-
schen Kanal

Wie in Kapitel 3.2.4 ausgeführt, erfolgt der weitere Zerfall der Top-Quarks
über jeweils ein W-Boson, das im dileptonischen Fall seinerseits in ein Lepton-
Neutrino-Paar zerfällt und ein Beauty-Quark, das als hadronischer Jet im Detek-
tor registriert wird (siehe Abbildung 5.1). Auch für diese Zerfälle gilt Impulser-
haltung und speziell in der transversalen Ebene

0 = pl+

x + pl−

x + pb
x + pb̄

x + pν
x + pν̄

x + pISR
x + pInitial

x (5.5)

=: kx + pν
x + pν̄

x + pISR
x + pInitial

x
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after simulation 
and reconstruction
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CHAPTER 6 T T̄ SPIN CORRELATION

f !+, d̄, s̄ ν!, u, c b W low energy q, q̄

κf 1 −0.31 −0.41 0.41 0.51

Table 6.1: Spin-analyser quality κf of the top quark daughter particle f for the V − A
charged current. In the last column the coefficient κ of the W boson daughter particle
with the lower energy in the corresponding top rest frame is given.

are obtained by reverting the sign of the coefficient κf , e.g. κ!− = −κ!+ = −1. The order
αs QCD corrections to the decays t → b!ν and t → Wb of polarized top quarks are small
for top and antitop quark polarisation observables [Cza91], [Sch96], [Fis99]. Therefore
the investigation of the tt̄ spin correlation can be accomplished with the leading order
matrix elements of [Ber98a], [Sla01] implemented in PYTHIA 5.7. In the tt̄ production
the spin correlation between the decay products of the top quarks is most significant in
the dileptonic decay channel since the spin-analyser quality of the leptons is maximal
as can be extracted from table 6.1. Thus dileptonic tt̄ events are predestinated for the
investigation of the spin correlation.

Neglecting higher order QCD corrections the normalised double differential angular
distribution of the two leptons is given by

1

N

d2N

d cos θ∗!+ d cos θ∗!−
=

1

4
(1 −A cos θ∗!+ cos θ∗!−) . (6.2)

The asymmetry coefficient

A =
N(tLt̄L + tRt̄R) − N(tLt̄R + tRt̄L)

N(tLt̄L + tRt̄R) + N(tLt̄R + tRt̄L)
(6.3)
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Figure 6.1: The lepton angles of the helicity basis are obtained by measuring the opening
angle between the (anti-)lepton momentum vector in its parent (anti-)top quark rest frame
and the (anti-)top quark momentum vector in the tt̄ quark pair rest frame. The cosine
of the angles is given by the scalar product of the normalised (anti-)lepton and (anti-)top
quark momentum vectors. This is the scalar product of their directions of flight.
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Asymmetry Factor

30 KAPITEL 5. MASSENBESTIMMUNG DES TOP-QUARKS

des Partonenschwerpunkts gegenüber dem Detektor bestimmt wird. Die Erhal-
tung des Transversalimpulses gilt jedoch streng genommen nur unter Berücksich-
tigung weiterer Abstrahlungen vor der Wechselwirkung, der so genannten Initial
State Radiation (ISR) und einem etwaigen vorher vorhandenen Gesamttransver-
salimpuls der Partonen pInitial

t . Für eine Rekonstruktion der Kinematik kann also
nur die Impulserhaltung in der transversalen Ebene

0 = pt
x + pt̄

x + pISR
x + pInitial

x (5.3)

0 = pt
y + pt̄

y + pISR
y + pInitial

y (5.4)

Verwendung finden.
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Abbildung 5.1: tt̄-Paarproduktion mittels Gluonfusion und Zerfall im dileptoni-
schen Kanal

Wie in Kapitel 3.2.4 ausgeführt, erfolgt der weitere Zerfall der Top-Quarks
über jeweils ein W-Boson, das im dileptonischen Fall seinerseits in ein Lepton-
Neutrino-Paar zerfällt und ein Beauty-Quark, das als hadronischer Jet im Detek-
tor registriert wird (siehe Abbildung 5.1). Auch für diese Zerfälle gilt Impulser-
haltung und speziell in der transversalen Ebene
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Spin of the Top Quark
CHAPTER 6 T T̄ SPIN CORRELATION

f !+, d̄, s̄ ν!, u, c b W low energy q, q̄

κf 1 −0.31 −0.41 0.41 0.51

Table 6.1: Spin-analyser quality κf of the top quark daughter particle f for the V − A
charged current. In the last column the coefficient κ of the W boson daughter particle
with the lower energy in the corresponding top rest frame is given.

are obtained by reverting the sign of the coefficient κf , e.g. κ!− = −κ!+ = −1. The order
αs QCD corrections to the decays t → b!ν and t → Wb of polarized top quarks are small
for top and antitop quark polarisation observables [Cza91], [Sch96], [Fis99]. Therefore
the investigation of the tt̄ spin correlation can be accomplished with the leading order
matrix elements of [Ber98a], [Sla01] implemented in PYTHIA 5.7. In the tt̄ production
the spin correlation between the decay products of the top quarks is most significant in
the dileptonic decay channel since the spin-analyser quality of the leptons is maximal
as can be extracted from table 6.1. Thus dileptonic tt̄ events are predestinated for the
investigation of the spin correlation.

Neglecting higher order QCD corrections the normalised double differential angular
distribution of the two leptons is given by
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4
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The asymmetry coefficient

A =
N(tLt̄L + tRt̄R) − N(tLt̄R + tRt̄L)

N(tLt̄L + tRt̄R) + N(tLt̄R + tRt̄L)
(6.3)
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Figure 6.1: The lepton angles of the helicity basis are obtained by measuring the opening
angle between the (anti-)lepton momentum vector in its parent (anti-)top quark rest frame
and the (anti-)top quark momentum vector in the tt̄ quark pair rest frame. The cosine
of the angles is given by the scalar product of the normalised (anti-)lepton and (anti-)top
quark momentum vectors. This is the scalar product of their directions of flight.
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Angular Distribution
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NLO Studies for Channel
tt̄→ bb̄qq̄lν

(Alexander Floßdorf)
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• MC@NLO, Herwig, Pythia
• ALPGEN coming soon
• Currently production of data samples
• First comparison studies performed
• Cross section

490pb (Pythia) vs. 842 pb (MC@NLO) 

(N)LO Studies of Top-Pair Physics

Comparison of MC Generators

log(pt)
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Generator Studies for Channel
tt̄→ bb̄qq̄lν

(Markus Marienfeld)
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• Influence of different Pythia parameters
• e.g. Hadronization parameters

• Comparison of different pdfs with input 
from HERA

• Cascade (Hannes Jung)
• Full simulation

Generator Studies of Top-Pair Physics

Generator Studies of Semileptonic Top-Pairs
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Possible long term goals
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Thanks for your attention!


