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Motivation

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 —+ g X, X = g,~,Z are
suppressed in the SM

t— bW (SM) t—uy (FCNC)
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Motivation

Motivation

BR(t — FCNC) in several models:

SM Qs 2HDM FC2HDM MSSM

t-gqy ~100™ ~10° ~10°% ~10° ~10°
t—q9Z ~107" ~10* ~1077 ~1070 ~10°6
t—+qg ~107" ~107 ~10* ~10° ~107°

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

|
Introduction Phenomenological study through an effective Lagrangian.
Buchmiiller e Wyler effective operators

(Nucl. Phys. B268 (1986) 621)

4 1 1 6 1
Lioa = LS + KE(S) + ﬁﬁ( )+ O(F
@ Lgy is the SM Lagrangian
@ The set of models have the SM as low energy limit
@ Total Lagrangian gauge invariant SU(3) x SU(2), x U(1)y
@ Corrections to the SM measured by (1/A)"
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Particles and bosonic fields

Miguel Won

Introduction |
The operators are built from the SM fields
@ fermionic fields: q;, gr
@ gauge fields:
e gluons: Gj,coma=1,2,---,8
e boson W: W,,comi=1,2,3
@ boson B: B,
The new FCNC interaction will come from the (extra) term £(®)
£5) term breaks barionic and leptonic number and therefore is
not considered.
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FCNC effective operators

physics and that may contribute to FCNC quark top physics
£©) — Ot¢ + O16 + O + Oy + O + Opt + Op; + Opt
with
Oty = é 7 (@ 23oh tg) § G, Op = /Oé,t (UgYuDvtr) B,
O = i (UR)\ YuDytg) GV, Oy = ,1 (qLO'“”tFI) ¢Bum
OIW¢ = ﬁ/[ (qLTI O'MVtFi) ¢ y,u!
Op, = nit (qLD'utFi) Dy, ¢
OD = it (D“thFi) D, b,
O =0 (¢T Du¢)(UR P tH)

@ ao’s, B’s, s, O’s are coupling constants

Miguel Won (Lip-Coimbra) 24/11/2009

Iniroduction @ It was just considered those effective operators with no impact at low energy
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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))

Introduction @ FCNC vertex for the gluonic interaction
V4 u;
& [urntaspe + @,a)+ vou Byye + i)
k, aza
(ku gva _ kv g‘uor)
q t

anomalous vertex gu;t
e New coupling constants: aj,3;,etc.

P s oud

a.a iz

S
>
o

q u.d

SM vertex guu
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Single top production

Production of one quark top (Single-top)
© pp — ta(gg — 3)
® pp — tg(9q — tg)
°® pp — qgt(qq — qt)
® pp — t(gq — 1)

9 4 q t q
q 9 9
g 7 q ¢ q
99 — tq qq — tq
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FCNC single top cross section as a function of
BR(t - ug) + BR(t — cg)

o(pp — ti) = oSp — qa — t3) + oFW (o0 — 93 — 1)+

Stop = qq = ta) + oFW (o0 — qq - ta)+

Single top

oSp = gq = )+ oS0 — 99 — t3) + o0 — gg — gt) + INT

t +jet cross sections, Tevatron (red) and LHC (green - 10 Te¥, blue - 14 Te')

olpp — t +jet) (pb)

BR(t = qg)

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: ¢J2%°" = 2.2 + 0.7 pbarn

Single top

t +]st production cross section at LHC, al (red) and atter Tevatron cut (green)

alpp — t + jet) (#h)

10"
BRit= 4 9)

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

FONC 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)
o After the generation we must include radiation and
hadronization (Pythia)
o Detector simulation (AcerDet)
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FCNC generator
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Hadronization

FCNC generator
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LanHep

Laboratoire de Physique Théorique LAPTH
Chemin de Bellevue, B.P. 110, F-74941 Annecy-le-Vieux, Cedex, France.

Laboratory of Particle Physics, Joint Institute for Nuclear Research,
141 980 Dubna, Moscow Region, Russian Federation

LanHEP--

FCNC generator

a package for automatic generation
of Feynman rules in field theory

Version 2.0

A. V. Semenov
|
@ Allows to write the model from the Lagrangian

@ Compute the Feynman rules
@ Interface with CalcHep
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LanHep

FCNC generator

® O =il (Uky,.D,tg) B

%%%%% %% %%%apha_B_ut
lterm i*(aBut[}l*IaBut)/L“Z* U*PL*gamma”mu*DDu~nu*PR*t*BMN"mu~nu+AddHermConj .

%%%%alpha B ut parte da cor
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lterm i*(aBut+i*IaBut)/L**2* U~i*PL*gamma”mu*DDg~i"j~nu*PR*t"j*BMN*mu~nu+AddHermConj.
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CalcHep

@ Cross section calculation and generation of events

CalcHEP - a package for Calculation in High Energy Physics
Version 2.5.1: Last correction February 21,2000

Main author: Alexamnder Pukhov(Skobeltsyn Institute of Huclear Physics,HMoscow)
Batch mode : Heil chistensen (Michigan State University)
PYTHIZA interface amd testing:alexander Belyaev(University of Southampton)

For contacts: email: <pukhovelapp.in?p3.fr>
http://theory. sinp. msu. ru/ ~pukhov/calchep. html
The BSHMs for CalcHEP were developed in collahoration with:
G.Belanger, A.Belyaev,F.Boudjema, &. Semenov

The package contains codes written hy:
M.Donckt, ¥.Edneral, ¥. Ilyin, D.Kovalenko, &. Kryukov, G. Lepage, A. Semenov

Press FO9 or click the hox helow to get

References and Contributions

This information is available during the session by means of the FI key
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CalcHep

@ Process introduction

Model: SM + FCHC (Feyn. gaug

List of particles (antiparticles)

PgDn——

A{A )- photon Z(Z )- Z hoson G{G )- gluon
H+{H- )- H hoson nl{Hl )- neutrino el{El )- electron
n2{H2 )- mu-neutrino e2(E2 )- muon n3({H3 )- tau-neutrino
e3{E3 )- tau-lepton u{lU )- u-guark d{D )- d-guark
ce{C )- c-guark s(S )- s-guark t{T )}- t-guark
h{B )- b-guark H{H )- Higgs ~00 - CtGG
~01 - CtGG ~02 - CtGG ~03 - CtGG
~04 - CtGG ~05 - CtGG ~06 - CtGG
~07 - CtGG ~0g - CtGG ~09 - CtGG
~0n - CtGG ~0B - GGGG ~0c - TcGG
~0D - TcGG ~0E - TcGG ~0F - TcGG
~0G - TcGG ~0H - TcGG ~0I - TcGG
Enter process:

Miguel Won (Lip-Coimbra)
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CalcHep

@ Choose which processes to calculate

Delete,On/off,Restore, Latex 8727
FCNC generator I |
u h u b u h H+ E1
[E R U U™ u ->-<
" E1 H E1l s E1l d nl

E1l

W+ t b t
u- - < " "
n1 CHEr  E :
. L 7
LN ! nl !

cﬂh cﬂc CWC cﬂc

n, PqUp, PgDn, Home, End, #
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CalcHep

@ Symbolic or numerical calculation

Model: SM + FCHC (Feyn. gaug

FCNC generator

Process: u,¢ -> nl,El,c.bh

Feynman diagrams ¢ code
27 diagrams in 1  subprocesses are constructed.
23 diagrams are deleted. Edit Linker

REDU code

Syuared diagrams MATHEMATICA code
10 diagrams in 1 subprocesses are constructed. FORM coide
0 diagrams are deleted. Enter new process
10 diagrams are calculated.
1} out of memory

Fl- F2- F3- Fd- Fh- Fb- FO- F10-
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CalcHep

@ Events generation

FCNC generator

(sub)Process: u, ¢ -> nl, E1, ¢, h
Honte Carlo session: 2(continue)

#IT Cross section [pb] Error ¥ ncall chi**2
1 8.0561E-03 5.62E+01 93312
2 8.6627E-02 6.87E+01 93312
3 3.8241E-02 3.01E+01 93312
4 1.0515E-01 2.15E+01 93312
5 2.7093E-01 3.63E+01 93312 HAX*2
1 1.9964E-01 1.36E+01 93312 find new MAX = 50
clear statistics. Launch generator
2 2.3087E-01 1.24E+01 93312 Hew search of maxima
3 3.7244E-01 3.27E+01 93312
4 5.3995E-01 5.77E+01 93312
5 1.5310E-01 2.13E+01 93312
< > 2.0225E-01 8.24E+00 466560 2
Fl- F2- Fb- F8- FO- F10-
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FCNC generator

Y YT
. .

< PYINIT: i

n of PYTHIA rostines
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SM vs FCNC

Physics

Miguel Won (Lip-Coimbra)

FCNC process

24/11/2009

|
@ Observables that distinguishes SM from FCNC
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Polarization

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

Physics

= <=

q t
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Polarization

Physics

1 ar 1

Gregory Mahlon, arXiv:hep-ph/9811219v1

Miguel Won (Lip-Coimbra) 24/11/2009 25/28



Preliminary results (at generator level)

@ SM results for the process u, b— > ve, €%, b, d

@ The b quark momentum direction is mainly contrary to the
spectator quark momentum

Physics @ The opposite for the lepton case
400 F
350 E 500
300 [ 200 |-
250
300
200
150 200
100 | g
E 100 5
50 |
0 b 0 | | .
- -1 0 1
cos theta g4—q3 cos theta g4—

Miguel Won (Lip-Coimbra) 24/11/2009 26/28



Preliminary results (at generator level)

@ FCNC results for the process u,c— > ve,€7,¢,b
@ For the study case the asymmetry is reduced

Physics 225 R
. 200 [

200 E
175 s E
150 150
125 125 &
100 100 E
75 75
50 50 F
25 25 &

o E I o E I R B
—1 ) 1 —1 0 1
cos theta g3—qg4 cos theta q3—I
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Conclusions and future work

|
@ LanHep, CalcHep, Pythia e AcerDet are excellent tools to

Conelusions 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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