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Abstract
New energy regime of LHC allows to extend the search region for 4th  generation of quarks and leptons beyond existing constraints. Feasibility 
studies are performed on both of the low-mass b' → cW search region, with the flavor-changing neutral-current (FCNC) decay b' → bZ is allowed, 
as well as the high-mass b' → tW production. Using leading order (LO) cross section for b' production, expected significance with up to 1/fb data at 
√s = 10 TeV and 95% confidence level (C.L.) exclusion limits are studied.

Introduction and Motivation

The light b' scenario: 
Larger cross-section
Doubly Cabibbo-suppressed b' → cW dominated.
Sizable FCNC channel: b' → bZ.

The heavy b' scenario:
Smaller cross-section
Above the tW threshold: b' → tW dominated
Wide mass coverage
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Tri-lepton low mass b' production:
One and only one Z candidate
One and only one W. Independent of the Z daughters.

Two isolated jets from the lepton candidates.

Observables used in the study:
Transverse energy sum:
Isolated jet multiplicity
b'(bZ) invariant mass (most back-to-back in φ)

The distributions of these variables with 1 / fb data assumed.

Background contribution estimated from data:

Heavy b' search:
Lepton-lepton separation required (avoid sharing the same track).
Z invariant mass veto

Jet multiplicity  for same-signed dilepton and trilepton channels are 
shown separately in the figures above.

Selection cuts optimized with genetic algorithm.

Signal yields based on the estimated background in the total observed events that 
pass all the selection cuts. Data-driven analyses performed to estimate the 
background independent of the Monte Carlo (MC).

A two-box  method is used in the studies:
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Results and Conclusions

Cross Section
Expected Yields 29.9 16.7 11.4
Background 13.8 13.8 13.8

m(b') 1/fb 200 GeV 225 GeV 250 GeV
113 pb 65 pb 11 pb

Scp Significance 3.8 σ 1.9 σ 1.1 σ

Cross Section
Expected Yields 34.08 10.58 3.52
Background 1.08 1.08 1.08

m(b') 200/pb 300 GeV 400 GeV 500 GeV
13.6 pb 2.8 pb 0.78 pb

Scp Significance 9.0 σ 3.7 σ 1.4 σ

The 4th generation quarks: the bottom-like b' and the top-like t'.
Possible decay processes:

T P

Charge Current (CC) FCNC

Theoretical problems can be solved with the existence of 4th generation:
Large enough CP violation for baryon genesis.
The K ¼ -puzzle of direct CP violation in B physics.
A prediction of the large sin 2 ¯s seen in BS   decays.

Recent new results from the Tevatron experiments show the continuous interests!

Signal Extraction and Background Study
Basic physics objects used in the studies: isolated leptons including electrons and muons, missing transverse energy (MET) and isolated jets. 
Different approaches of background suppression:

With 1 / fb data, significance summarized in the following table.
In the case of null signal seen, upper-limits of 95% C.L. are set with 
Bayesian method as shown in the figure:

Signal significance shown based on 200 / pb  data. Strong evidence if 
m(b') is below 400 GeV. Upper-limits of 95% C.L., in case of null signal 
seen, are shown in the figure: 

Tri-lepton heavy b' study:
Three isolated leptons
At least two jets in the final state.

Di-lepton channel:
Two isolated leptons with the   
same charge
At least four jets in the final state.
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