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A fourth familyA fourth family
The most recent analyses indicate that an additional family 
of heavy fermions is not inconsistent with the precision 
electroweak data at the available energies [holdom, hung, 
kribs, okun, murdock].

The repetition of quark and lepton families remain a mystery 
as part of the flavor problem. A possible fourth family may A possible fourth family may 
play an important role in our understanding of the play an important role in our understanding of the 
flavor structure of the standard model.flavor structure of the standard model. Additional 
fermions can also be accommodated in many models 
beyond the SM.



LimitsLimits
The upper limit on the number of flavour from QCD 

asymptotic freedom is eighteen [TH]
The upper limit on mass from partial wave unitarity is 

about 1 TeV [TH]
A recent lower limit on the mass of the fourth family 

quark b' quark is mb'>256 GeV from Tevatron experiments 
[EXP]

A most recent limit on the mass of t’ quark is mt’>311 
GeV from CDF experiment [EXP]. 

|Vtb|>0.74 from the single top production at Tevatron 
[EXP]

R=|Vtb|2/ ∑q|Vtq|2>0.79 from top pair production at 
Tevatron [EXP].



MotivationsMotivations

Due to their expected large mass fourth family 
quarks could have different dynamics than the 
quarks of three families of the SM. For example, 
dynamical models of fermion mass generation.

Anomalous magnetic moments of the quarks are 
proportional to the mass ratio ~mq/mt [Fritzsch]. 
Arguments discussed for the top quarks can be well 
applied to the fourth family quarks since they are 
expected to be heavier than top quark.

We follow similar steps given in the previous study 
[Arik&Cakir&Sultansoy]. 



Mixing with the 4th SMMixing with the 4th SM

Our parametrizations:

PI: Vqb’=Vt’q=0.01

PII: Vqb’=Vt’q=Aqλ(4-n)

with Aq=1 and λ=0.1

PIII: Vub’=0.044, 
Vcb’=0.46, Vtb’=0.47, 
Vt’d=0.063, Vt’s=0.46.

Experimental inputs
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InteractionsInteractions
SM 

Interactions

Anomalous

Interactions

Implemented in the Implemented in the 
program program 

CompHEP to study CompHEP to study 
in a framework.in a framework.



Decay widths and branchingsDecay widths and branchings

SM decay widths

Anomalous 

decay widths
t’

Checked by hand 
calculations..
Checked by hand 
calculations..



Branching ratios and decay widths Branching ratios and decay widths 
for the PI parametrizationfor the PI parametrization



BR and BR and ΓΓ for PIII for PIII 
parametrizationparametrization



Decay widths are important for 
the resonance !

We find the width Γ=5.21(125.06) 
GeV for mt’=300(800) GeV

We find the width Γ=6.74(129.01) 
GeV for mb’=300(800) GeV



QQ’’ ProductionProduction

√s=14 TeV



Anomaolus production and Anomaolus production and 
anomalous decayanomalous decay

σ(pb) 300300 400400 500500 600600 700700 800800

8.27x101

2.99x101

6.53x101

2.96x101

κκ//ΛΛ=1/TeV=1/TeV 2.14x102 1.55x102 1.10x102 5.40x101

κκ//ΛΛ=0.1/TeV=0.1/TeV 3.15x101 3.08x101 3.04x101 2.93x101

Zb+Z⎯b cross sections, where 
PIII parametrization is used



Resonant cross section for 
pp t’(b’)X W+b(W-t)X

The resonance cross 
sections for t’(⎯t’) and 
b’(⎯b’) depending on the 
mass. We use the 
parametrization PIII and 
take κ/Λ=0.1/TeV.

Decrease due to the tW 
channel for mb’<300 
GeV.



pT distribbution of b-jets



Invariant mass distributions for 
the signal and background (blν)

Background study,

Cuts:

pT>50 GeV

1 b-jet

eff (b) 60% ,

rej(j)~100,

rej(c)~10

we count events 
in the mass 
intervals Δm.



Invariant mass distributions for 
the signal and background (llb)

Signal: 
pp b’X ZbX

Background: 

pp llbX and 
pp lljX 



Distributions

Kinematical 
distributions of 
background 
events Wb and 
Wj(b) 
Signal and 
background 
events are 
shown on the 
same plot



Backgrounds relevant to the 
resonant t’ and b’ production



Significance for pp W+bX

We calculate the 
statistical 
significance for 
L=10 fb-1 . 

We conclude that 
SS>5 if 
κ/Λ>0.01/TeV.



ConclusionConclusion

The fourth family quarks can be produced with large 
numbers if their anomalous interactions dominate over the 
SM interactions. Following the results from the signal 
significance for t’ and b’ anomalous production, the 
sensitivity to anomalous coupling  κ/Λ=0.01 TeV-1

providing an optimal parametrization for the extended 
CKM elements. If found at the LHC the fourth family 
quarks will change our perspective on the flavor an the 
mass. 
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