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Effects on SM quark  couplings due to new quarks

Very Small Changes to SM couplings
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Heavy Quark - SM quark couplings
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Heavy Quarks in New Physics

We study generic heavy quarks!

• In the era of hadron colliders!

• Chiral quarks - couplings to light quarks very constrained

• Vector like fermions - many BSM scenarios

•  Eg: SM + two vector like doublets

 (χu
L,R, χd

L,R)7/6 (qu
L,R, qd

L,R)1/6

•   Appear in RS models, e.g Carena, Ponton, Santiago, Wagner

                                         Agashe, Contino, da Rold, Pomarol

                                         Medina, Shah, Wagner

                                         Cacciapaglia, Csaki, Marandella, Terning
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Model Independent Study of Heavy Quarks

Two new quarks D (charge -1/3) and U  (charge 2/3)
Generic heavy quarks with arbitrary CC and NC couplings

 

        is dimensionless parameter that encodes model dependence
Study both CC and NC processes for Tevatron and LHC
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• Extra quarks with exotic charges (5/3 or -4/3) that couple
with u and d via CC - include via enhanced rate

• Heavy quark Higgs couplings not explicitly written down
– No appreciable rate for production process of interest

– For the decay of heavy quarks, reabsorb Higgs decay modes in
definition of BRs which are unsepcified.

•  Results do not depend on choice of chiral couplings
appreciably as angular correlations are not studied.
– RH couplings appear in the case of vector-like doublets

– LH couplings appear in the case of vector-like singlets
– Both types of New quarks can be present in Warped ED models

Model Independent Study of Heavy Quarks
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Signal Process: Production
QCD pair production vs Electroweak single production

Include K-factors:
     KQQ = 1.5
     KQ = 0.96

Current Tevatron bound at
95% CL for

U(D) decaying via CC(NC)

mU(D) > 284 (270) GeV
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Single Quark Production
Decay modes are
Ignore Higgs channel for simplicity (separate analysis)

Model independent parameterization

under narrow width approximation
only depends on the mass of the heavy quark
encode model-dependent mixing terms

Model dependent mixing terms are
defined as

where

For degenerate bidoublets
only one gauge boson
decay mode available for
each new quark
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Background Processes
Main Background:

QCD processes   
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Cuts

  

! 

pT ( jet) >15GeV |" jet |< 3 #R jj > 0.7

pT (lep) >15GeV |"lep |< 2 #R jl > 0.5

pT (miss) >15GeV #R
ll

> 0.3

Basic Cuts:

    

Smearing:
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Signal vs Background Distributions
Improved Cuts:1
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Signal vs Background Distributions

Improved Cuts:2

  

! 

"R jj >1.5

"R jl > 0.8
Optimized cuts on phi
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Signal vs Background Distributions
Improved Cuts: 3
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Charge Identification



Tops @ Tevatron 4 LHC - Nov, 2009

Signal vs Background Distributions
Improved Cuts: 4
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NC Channels

! 

pT ( jh ) >
mQ

4

! 

0.5 < |"( js) |< 3.0   

! 

"R jl > 0.8

! 

"R jj >1.5

! 

pT (Z) >
mQ

5
  

! 

"R
ll

> 0.3



Tops @ Tevatron 4 LHC - Nov, 2009

Current Constraints

• Searches for extra quarks
– Limits on b` are around 270 GeV from 1.06 fb-1

– Limits are from b` → b Z  decay mode
– No b` →Wj mode analysis available

• Limits on a t` (→Wb) are 284 GeV with 2.3 fb-1

• Both are in pair production channel and both limits
are at 95% CL

CDF-note-9234

Aaltonen et al, PRD76, 072006 (2007)
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Sensitivity at Tevatron


