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Introduction

The physical problem

I Flavour Changing Neutral Currents (FCNC)

I t → b,W + (SM), t → G,u (FCNC)

I FCNC highly supressed in the SM

BR(t → FCNC) in several modes
SM QS 2HDM FC 2HDM MSSM R SUSY

t → qγ ∼ 10−14 ∼ 10−9 ∼ 10−6 ∼ 10−9 ∼ 10−6 ∼ 10−6

t → qZ ∼ 10−14 ∼ 10−4 ∼ 10−7 ∼ 10−10 ∼ 10−6 ∼ 10−5

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

Acta Phys. Polon. B 35, 2695 (2004) [arXiv:hep-ph/0409342]



Introduction

Effective Lagrangian

LTotal = LSM +
1

Λ5L
(5) +

1
Λ6L

(6)

I FCNC can be studied through an effective Lagrangian
I This extra Lagrangian terms will be composed by effective

operators that obey SM symmetries
I Buchmuller and Wyler calculated all possible operators of

dimension 6 that respect the SM symmetries (Nucl. Phys.
B 268 (1986) 621.)

I Now reduced by B. Grzadkowski, M. Iskrzynski, M. Misiak,
J. Rosiek (arXiv:1008.4884v2)

ico1gs

Λ
ūλaσµν(fu + huγ5)tGa

µν + H.C.



FCNC Direct Top generation

LO event generation

g

u, c

t

I Generate phase-space for 2→ 1 process
I Weight with |M|2 × PDF1 × PDF2

I Write the events within "Les Houches Accord"
I Shower and Hadronization (PYTHIA or HERWIG)
I Simulate the detector (DELPHES)



FCNC Direct Top generation

Inclusive NLO Direct top cross sections

FCNC Direct top cross sections (
kg

tq
Λ

= 0.01Tev−1) (pb) (PRD 72 074018 (2005))
Subprocess LHC (LO) LHC (NLO) Tevatron Run2 (LO) Tevatron Run2 (NLO)

gu → t 11.068 16.818 0.259 0.413
gc → t 1.817 2.537 0.0176 0.0283

I The NLO cross section highly enhanced
I About 60% for Tevatron and 40%-50% for LHC
I FCNC BR limits improvements of the same order
I It is desirable to generate NLO Direct top events



NLO calculation

Next to Leading order

g

u, c

t

u, g

g g

u, g

u

t
u, t

u

u, t

t

t

u

σNLO =

∫
m

dσBorn +

∫
m

dσvirtual +

∫
m+1

dσReal



NLO calculation

NLO generation

σNLO =

∫
m

dσBorn +

∫
m

dσvirtual +

∫
m+1

dσReal

I The analytical calculation is "easily" done.
I Full phase-space is totally integrated and infrared infinities

are cancelled
I Problem to generate events because there are two

different configurations (m and m+1)



NLO calculation

NLO approximation

|Mm+1|2dΦm+1 → |Mm|2dΦm
αS

2π
dt
t

Pq,qg(z)

I For low PT and low energies the NLO corrections can be
be approximated by a branching mechanism (shower)

I Approximation highly broken for high PT
I We can use different approches for different PT (Matching)



NLO calculation

NLO approximation

I generate LO Direct top
I Veto for PT > PTmatch in Showering
I If Showering made by PT order, we can just set the max

PT = PTmatch

I generate events LO with real emisson with PT (g) > PTmatch

I Normalize to the total NLO cross section

σNLO = kσLO
PT (g)<PTmath

+ σReal
PT (g)>PTmatch



The generator

Code

I Written in C and python 2.6
I Feynman Rules were calculated using LanHep
I Amplitudes calculated with CalcHep
I Cuba library for Vegas integration



The generator

User friendly



The generator

Some MEtop properties

I W and top widths taken into account
I Spin correlactions are included (switch on and off)
I In addition to the Strong FCNC it is included electroweak

and 4f FCNC
I New interactions can be included



The generator

Info



Cross-check

Cross-check with a different MC generator

I Strong FCNC were introduced in MadGraph 5
I Generated Direct top and top+gluon events
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Cross-check

Direct top
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Direct top

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_px

  Direct top

MEtop

MadGraph

ne_px

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_py

  Direct top

MEtop

MadGraph

ne_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

ne_pz

  Direct top

MEtop

MadGraph

ne_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

ne_E

  Direct top

MEtop

MadGraph

ne_E

0 0.5 1 1.5 2 2.5 3
0

0.2

0.4

0.6

0.8

1

ne_M

  Direct top

MEtop

MadGraph

ne_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

ne_P

  Direct top

MEtop

MadGraph

ne_P

0 20 40 60 80 100 120 140
0

0.005

0.01

0.015

0.02

0.025

0.03

ne_PT

  Direct top

MEtop

MadGraph

ne_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

ne_Eta

  Direct top

MEtop

MadGraph

ne_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_Phi

  Direct top

MEtop

MadGraph

ne_Phi



Cross-check

Direct top

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

W_px

  Direct top

MEtop

MadGraph

W_px

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

W_py

  Direct top

MEtop

MadGraph

W_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

W_pz

  Direct top

MEtop

MadGraph

W_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

W_E

  Direct top

MEtop

MadGraph

W_E

70 72 74 76 78 80 82 84 86 88 90
0

0.01

0.02

0.03

0.04

0.05

0.06

W_M

  Direct top

MEtop

MadGraph

W_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

W_P

  Direct top

MEtop

MadGraph

W_P

0 20 40 60 80 100 120 140
0

0.02

0.04

0.06

0.08

0.1

W_PT

  Direct top

MEtop

MadGraph

W_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

W_Eta

  Direct top

MEtop

MadGraph

W_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

W_Phi

  Direct top

MEtop

MadGraph

W_Phi



Cross-check

Direct top

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1

top_px

  Direct top

MEtop

MadGraph

top_px

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1

top_py

  Direct top

MEtop

MadGraph

top_py

­1500 ­1000 ­500 0 500 1000 1500

0.005

0.01

0.015

0.02

0.025

0.03

top_pz

  Direct top

MEtop

MadGraph

top_pz

200 400 600 800 1000 1200
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

top_E

  Direct top

MEtop

MadGraph

top_E

162 164 166 168 170 172 174 176 178 180 182
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

top_M

  Direct top

MEtop

MadGraph

top_M

0 200 400 600 800 1000 1200 1400

0.005

0.01

0.015

0.02

0.025

0.03

top_P

  Direct top

MEtop

MadGraph

top_P



Cross-check

Direct top

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

0.04

0.045

0.05

0.055

0.06

costhSb

  Direct top

MEtop

MadGraph

costhSb

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1
0.02

0.03

0.04

0.05

0.06

0.07

0.08

costhSle

  Direct top

MEtop

MadGraph

costhSle

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

0.04

0.042

0.044

0.046

0.048

0.05

0.052

0.054

0.056

0.058

costhSne

  Direct top

MEtop

MadGraph

costhSne

­6 ­4 ­2 0 2 4 6
0

0.1

0.2

0.3

0.4

0.5

delphiWb

  Direct top

MEtop

MadGraph

delphiWb

­6 ­4 ­2 0 2 4 6
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

delphiWle

  Direct top

MEtop

MadGraph

delphiWle



Cross-check

top+gluon

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

b_px

  Top + gluon

MEtop

MadGraph

b_px

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

b_py

  Top + gluon

MEtop

MadGraph

b_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

b_pz

  Top + gluon

MEtop

MadGraph

b_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

b_E

  Top + gluon

MEtop

MadGraph

b_E

3 3.5 4 4.5 5 5.5 6
0

0.2

0.4

0.6

0.8

1

b_M

  Top + gluon

MEtop

MadGraph

b_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

b_P

  Top + gluon

MEtop

MadGraph

b_P

0 20 40 60 80 100 120 140
0

0.005

0.01

0.015

0.02

0.025

0.03

b_PT

  Top + gluon

MEtop

MadGraph

b_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

b_Eta

  Top + gluon

MEtop

MadGraph

b_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

b_Phi

  Top + gluon

MEtop

MadGraph

b_Phi



Cross-check

top+gluon

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

le_px

  Top + gluon

MEtop

MadGraph

le_px

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

le_py

  Top + gluon

MEtop

MadGraph

le_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

le_pz

  Top + gluon

MEtop

MadGraph

le_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

le_E

  Top + gluon

MEtop

MadGraph

le_E

0 0.5 1 1.5 2 2.5 3
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

le_M

  Top + gluon

MEtop

MadGraph

le_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

le_P

  Top + gluon

MEtop

MadGraph

le_P

0 20 40 60 80 100 120 140
0

0.005

0.01

0.015

0.02

0.025

0.03

le_PT

  Top + gluon

MEtop

MadGraph

le_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

le_Eta

  Top + gluon

MEtop

MadGraph

le_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

le_Phi

  Top + gluon

MEtop

MadGraph

le_Phi



Cross-check

top+gluon

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_px

  Top + gluon

MEtop

MadGraph

ne_px

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_py

  Top + gluon

MEtop

MadGraph

ne_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

ne_pz

  Top + gluon

MEtop

MadGraph

ne_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

ne_E

  Top + gluon

MEtop

MadGraph

ne_E

0 0.5 1 1.5 2 2.5 3
0

0.2

0.4

0.6

0.8

1

ne_M

  Top + gluon

MEtop

MadGraph

ne_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

ne_P

  Top + gluon

MEtop

MadGraph

ne_P

0 20 40 60 80 100 120 140
0

0.005

0.01

0.015

0.02

0.025

ne_PT

  Top + gluon

MEtop

MadGraph

ne_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

ne_Eta

  Top + gluon

MEtop

MadGraph

ne_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

ne_Phi

  Top + gluon

MEtop

MadGraph

ne_Phi



Cross-check

top+gluon

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.005

0.01

0.015

0.02

0.025

W_px

  Top + gluon

MEtop

MadGraph

W_px

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.02

0.04

0.06

0.08

0.1

0.12

W_py

  Top + gluon

MEtop

MadGraph

W_py

­1000 ­800 ­600 ­400 ­200 0 200 400 600 800 1000
0

0.005

0.01

0.015

0.02

0.025

0.03

W_pz

  Top + gluon

MEtop

MadGraph

W_pz

0 100 200 300 400 500 600 700 800 900 1000
0

0.01

0.02

0.03

0.04

0.05

W_E

  Top + gluon

MEtop

MadGraph

W_E

70 72 74 76 78 80 82 84 86 88 90
0

0.01

0.02

0.03

0.04

0.05

0.06

W_M

  Top + gluon

MEtop

MadGraph

W_M

0 100 200 300 400 500 600 700 800 900 1000
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

W_P

  Top + gluon

MEtop

MadGraph

W_P

0 20 40 60 80 100 120 140
0

0.005

0.01

0.015

0.02

0.025

W_PT

  Top + gluon

MEtop

MadGraph

W_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

W_Eta

  Top + gluon

MEtop

MadGraph

W_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

W_Phi

  Top + gluon

MEtop

MadGraph

W_Phi



Cross-check

top+gluon

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.01

0.02

0.03

0.04

0.05

g_px

  Top + gluon

MEtop

MadGraph

g_px

­200 ­150 ­100 ­50 0 50 100 150 200
0

0.01

0.02

0.03

0.04

0.05

g_py

  Top + gluon

MEtop

MadGraph

g_py

­1500 ­1000 ­500 0 500 1000 1500
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

g_pz

  Top + gluon

MEtop

MadGraph

g_pz

200 400 600 800 1000 1200
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

g_E

  Top + gluon

MEtop

MadGraph

g_E

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

g_M

  Top + gluon

MEtop

MadGraph

g_M

0 200 400 600 800 1000 1200 1400
0

0.02

0.04

0.06

0.08

0.1

0.12

g_P

  Top + gluon

MEtop

MadGraph

g_P

0 20 40 60 80 100 120 140
0

0.01

0.02

0.03

0.04

0.05

g_PT

  Top + gluon

MEtop

MadGraph

g_PT

­10 ­8 ­6 ­4 ­2 0 2 4 6 8 10
0

0.02

0.04

0.06

0.08

0.1

g_Eta

  Top + gluon

MEtop

MadGraph

g_Eta

­4 ­3 ­2 ­1 0 1 2 3 4
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

g_Phi

  Top + gluon

MEtop

MadGraph

g_Phi



Cross-check
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Cross-check

Matching
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Summary

Recap

I NLO Direct top cross section highly enhanced in NLO
approximation

I NLO events desirable
I Not possible to generate NLO events using conventional

methods
I Divide the phase-space and use shower for low PT and
|M|2dΦm+1 for high PT

I Normalize
I Generate events according the cross sections
I Shower (PT ordered scheme) and hadronize



Summary

To be done

I Cross-check with Protos (Friedrich Conrad: Wuppertal
group)

I Include FCNC t t̄
I Online availability (webpage creation)
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