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Motivation

The new accelerator Large Hadron Collider will produce a
very high quantity of top quarks
Search of new physics through flavour changing neutral
currents in top quark production (FCNC processes)
The FCNC quark top decays t → q X , X = g, γ,Z are
suppressed in the SM

t → bW (SM) t → uγ (FCNC)
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Motivation

BR(t → FCNC) in several models:

SM QS 2HDM FC 2HDM MSSM
t → qγ ∼ 10−14 ∼ 10−9 ∼ 10−6 ∼ 10−9 ∼ 10−6

t → qZ ∼ 10−14 ∼ 10−4 ∼ 10−7 ∼ 10−10 ∼ 10−6

t → qg ∼ 10−12 ∼ 10−7 ∼ 10−4 ∼ 10−5 ∼ 10−5

[J.A. Aguilar-Saavedra, Acta Phys. Polon. B 35 (2004) 2695]
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Theoretical background

Phenomenological study through an effective Lagrangian.
Buchmüller e Wyler effective operators
(Nucl. Phys. B268 (1986) 621)

Ltotal = L(4)
SM +

1
Λ
L(5) +

1
Λ2L

(6) +O
(

1
Λ3

)

LSM is the SM Lagrangian
The set of models have the SM as low energy limit
Total Lagrangian gauge invariant SU(3)× SU(2)L × U(1)Y

Corrections to the SM measured by (1/Λ)n
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Particles and bosonic fields

The operators are built from the SM fields
fermionic fields: qL, qR

gauge fields:
gluons: Ga

µ, com a = 1, 2, · · · , 8
boson W : W i

µ, com i = 1, 2, 3
boson B: Bµ

The new FCNC interaction will come from the (extra) term L(6) .
L(5) term breaks barionic and leptonic number and therefore is
not considered.
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FCNC effective operators

It was just considered those effective operators with no impact at low energy
physics and that may contribute to FCNC quark top physics

L(6) = OtGϕ +OtG +OtB +OtBϕ +OtWϕ +ODt +OD̄t +Oϕt

with

OtGϕ = βS
it (q̄

i
Lλ

aσµν tR) ϕ̃Gaµν , OtB = i αB
it (ū

i
RγµDν tR)Bµν ,

OtG = i αS
it (ū

i
R λaγµDν tR)Gaµν , OtBϕ = βB

it (q̄
i
Lσ

µν tR) ϕ̃Bµν ,
OtWϕ = βW

it (q̄i
LτI σµν tR) ϕ̃W I

µν ,
ODt = ηit (q̄i

LDµtR)Dµ ϕ̃,
OD̄t

= η̄it (Dµq̄i
LtR)Dµ ϕ̃,

Oϕt = θit (ϕ
†Dµϕ)(ūi

R γµ tR)

α’s, β’s, η’s, θ’s are coupling constants
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Feynman Rules

From L the feynman rules can be calculated (P. M. Ferreira,
R.B.Guedes, and R. Santos, Phys. Rev. D75, 055015 (2007))

FCNC vertex for the gluonic interaction

anomalous vertex gūi t

New coupling constants: αs
tj ,β

s
tj ,etc.

SM vertex guū
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Single top production

Production of one quark top (Single-top)
pp → t q̄(gg → t q̄)
pp → tg(gq → tg)
pp → qt(qq → qt)
pp → t(gq → t)

gg → t q̄

q

g

zq t

q q

g

zq t

q

qq → tq
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FCNC single top cross section as a function of
BR(t → u g) + BR(t → c g)

σ (p p → t j) = σ
S (pp → q q̄ → t q̄) + σ

EW (pp → q q̄ → t q̄)+

σ
S (pp → q q → t q) + σ

EW (pp → q q → t q)+

σ
S (pp → g q → t) + σ

S (pp → g g → t q̄) + σ
S (pp → g q → g t) + INT

R. A. Coimbra et al., Phys. Rev. D 79, 014006 (2009)
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FCNC single top cross section with Tevatron
limit

Tevatron limit: σTevatron
s+t = 2.2 ± 0.7 pbarn

R. A. Coimbra et al., Phys. Rev. D 79, 014006 (2009)
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FCNC generator

The effective model must be confronted with experimental
data. In this case from ATLAS.
Three steps:

Inclusion of the anomalous FCNC vertices in a Monte Carlo
generator (LanHep+CalcHep)
After the generation we must include radiation and
hadronization (Pythia)
Detector simulation (AcerDet)
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Event at partonic level
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Hadronization
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LanHep

Allows to write the model from the Lagrangian
Compute the Feynman rules
Interface with CalcHep
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LanHep

OtB = i αB
it (ū

i
RγµDν tR)Bµν
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CalcHep

Cross section calculation and generation of events
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CalcHep

Process introduction
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CalcHep

Choose which processes to calculate
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CalcHep

Symbolic or numerical calculation
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CalcHep

Events generation
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Pythia

Radiation and hadronization
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SM vs FCNC

Observables that distinguishes SM from FCNC
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Miguel Won (Lip-Coimbra) 24 / 11 / 2009 23 / 28



Miguel Won

Motivation

Introduction

Single top

FCNC generator

Physics

Conclusions

Polarization

The direction of momentum is asymmetric
SM quark top is left
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Polarization

The direction of momentum related with the spin orientation

1
Γ
=

dΓ
d(cosθi)

=
1
2
(1 + αicosθi) (1)

Gregory Mahlon, arXiv:hep-ph/9811219v1
Miguel Won (Lip-Coimbra) 24 / 11 / 2009 25 / 28



Miguel Won

Motivation

Introduction

Single top

FCNC generator

Physics

Conclusions

Preliminary results (at generator level)

SM results for the process u, b− > νe, e+,b, d
The b quark momentum direction is mainly contrary to the
spectator quark momentum
The opposite for the lepton case
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Preliminary results (at generator level)

FCNC results for the process u, c− > νe, e+, c,b
For the study case the asymmetry is reduced
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Conclusions and future work

LanHep, CalcHep, Pythia e AcerDet are excellent tools to
test and simulate models
Implement the final step, the detector simulator (AcerDet)
Generate the full FCNC process pretended
Analise of real data
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