
Prospects for Searches for  
New Heavy Quarks with CMS 

Tulika Bose 
Boston University 

(for the CMS Collabora9on) 

Jan 14th, 2010 
Beyond 3 Genera9on Standard Model Workshop 



Large Hadron Collider (Re)start 
•  pp  √s =14 TeV  
L=1034 cm‐2 s‐1 
(design) 
•  27 km Tunnel in 
Switzerland & France 
• Turn on in Sep 2008 
Nov. 2009 

Fall 2009‐2010 Expecta9ons: √s =0.9 ‐‐ 10 TeV  
Long Physics Run: 2010 Int. Luminosity up to 500 pb‐1     





4T Superconducting Solenoid  
All Silicon Tracker (pixels and microstrips) 
Lead tungstate electromagnetic calorimeter 
Hermetic Calorimetry 
Redundancy in the Muon system 

CMS Detector 



23-Nov-09 

Spring-2010 

•  First collisions on Nov.23 at 900 
GeV 

•  ~0.1 Hz collisions 
•  L ~ few 1024 cm‐2s‐1  

•  By mid‐December: collisions at 
900 and 2236 GeV 

•  ~10Hz collisions 
•  L ~ few 1026 cm‐2s‐1 

•  Ul9mately, the LHC program 
should take us to: 

•  14 TeV 
•  109 Hz collisions 
•  L ~ 1034 cm‐2s‐1 

14-Dec-09 

= 
1/

L 

≥ 2011 

Startup of the LHC Physics Program 



23-Nov-09 

Spring-2010 

14-Dec-09 

= 
1/

L 

≥ 2011 

•  In this talk focus on prospects 
for searches with early data (10 
TeV center of mass energy) 

•  Expected 2010 integrated 
luminosity up to 500 pb‐1 

•  4th genera9on quarks 

•  Heavy top and bobom partners 

•  hbps://twiki.cern.ch/twiki/bin/
view/CMS/PhysicsResults 

Talk Outline 



4th genera9on quarks 
•  Bobom‐like (b’) and top‐like (t’) 

–  Light b’ scenario 
•  b’  cW 

•  b’  bZ 

•  Heavy b’ scenario 
•  b’tW 

Sizable FCNC channel 

Doubly Cabibbo‐suppressed process dominates 

tW mass  
threshold 



Light b’ 

•  Signal: b’b’ cWbZ 
–  Assume BR(b’bZ)=10%,  

     BR(b’cW)=90% 
–  Tri‐leptonic final state 

•  Signature: 3 leptons (WZ) and 2 jets 

•  Background: 
–  Z+jets, WZ+jets, b  

–  Background suppression done by requiring 
•  one and only one Z candidate 
•  one and only one W (W lepton independent of the Z daughters) 

•  two isolated jets from the lepton candidates 



Signal Extrac9on: Observables 

@ 1 m‐1 



Observables 

@ 1 m‐1 



Background Es9ma9on 

•  Extract background using data‐driven techniques 
–  matrix method 

•  Define two samples 
–  “Tight‐cut” sample: events passing all cuts 

–  “Loose‐cut” sample: events passing all the selec9on cuts, except for 
the isola9on cuts on the W daughter leptons 

€ 

Nloose = Nlep + N jet

Ntight = εtightNlep + PfakeN jet

Will be measured from data 



Light b’ Results 
m(b’) @ 1 @‐1  200 GeV  225 GeV  250 GeV 

Cross‐sec9on  113 pb  65 pb  11 pb 

Expected Yields  29.9  16.7  11.4 

Background  13.8  13.8  13.8 

Significance  3.8 σ 1.9 σ 1.1 σ



Heavy b’ 
•  Bobom‐like quark that decays to tW ( mass > 255 GeV) 

•  Decay chain with 4 W bosons! 
–   b’b’ tW tW  bbW+W‐W+W‐ 

•  Possible final states: 
–  4 leptons + 2 jets, 3 leptons + 4 jets, 2 leptons + 6 jets, 1 lepton + 8 jets, 0 

lepton + 10 jets 

–  Concentrate on large, clean modes first 

•  (Standard Model background expected to be small for the 2 same‐
sign lepton final state)  



Signal Extrac9on 
•  Background: 

–  b+jets, b+W/Z+jets, W/Z+jets, di‐bosons 

•  Background suppression done by requiring: 

–  Z invariant mass veto 
–  lepton‐lepton isola9on (reject fake electrons from radiated photons) 

–  lepton‐jet separa9on (reject addi9onal leptons from jets) 



Signal Extrac9on 



Heavy b’ 



Background Es9ma9on 
•  Use data‐driven background es9ma9on techniques 

–  Define background rich control samples for normalizing the 
background contribu9ons 

–  Events with two oppositely charged leptons are selected 

An itera9ve method is used to extract the signal yield 



Heavy b’ limits 

Exclude b’ masses less than 485 (405) GeV with 200 (60) pb‐1  

Stringent limits can be set at the LHC with early data 

€ 

s =10 TeV

m(b’) @ 200pb‐1  300 GeV  400 GeV  500 GeV 

Cross‐sec9on  13.6 pb  2.8 pb  0.78 pb 

Expected Yields  34.08  10.58  3.52 

Background  1.08  1.08  1.08 

Significance  9.0 σ 3.7 σ 1.4 σ



Exo9c Top Quark Partner 
•  Fermionic top partners arise from natural, non‐supersymmetric solu9ons of the 

hierarchy problem 

–  model suggested by Con9no and Servant: arXiv:0801.1679 (2008) 

–  Pseudo‐Goldstone boson Higgs 
–  T5/3 with Qe = 5/3 and B with Qe = ‐1/3 decay into W and top 

•  tW invariant mass peak (T5/3) 

€ 

l±l± + n jets  (n ≥  5)



Signal Extrac9on 
•  Backgrounds: 

•  background suppression done by requiring 
–  2 isolated same‐sign leptons 

–  at least 5 high pT jets 
–  Z invariant mass veto for the “ee” channel 

€ 

tt W ± +  jets
tt W +W −

W +W −W ± +  jets
W ±W ± +  jets

€ 

tt +  jets
W ± +  jets
Z +  jets
QCD multijets

Physics backgrounds  Instrumental backgrounds 



Signal Extrac9on 



Background Es9ma9on 
•  b is the largest background  

–  From charge misiden9fica9on  

–  From semi‐leptonic decays with b quark contribu9ng the second lepton  

•   Data‐driven es9ma9on ‐ define two samples:  
–  NC: control sample with events which pass all cuts except the same sign 

requirement  

–  NS: signal sample 

•   Subtract out the contribu9ons of Z+jets and QCD mul9‐jet events  

–  The remaining events are then due to b  with some signal contribu9on  

•  Can lead to overes9mate of  b  in signal sample   
•  Define:  

–  fb : ra9o of same sign to opposite sign events for b 

–   Cb, Sb: b  events in the control sample, signal sample. 

•  Then Sb = f b * Cb  

–   f = 0.026 leading to S = 3.3 events per m‐1    



Discovery Poten9al 

•  For M = 400 GeV 

–  3σ at ~50pb‐1 
–  5σ at ~115pb‐1 

•  For M = 500 GeV 
–  3σ at ~220pb‐1 
–  5σ at ~600pb‐1 

•  Only 150pb‐1 at 14 TeV for 
M =500 GeV 



Cross sec9on Limits 

•  Cross‐sec9on lines 
correspond to sum of T5/3 
and B expecta9ons 

•  Exclude masses of up to 400 
GeV with 80 pb‐1, 500 GeV 
with 340 pb‐1 

Stringent limits can be set at the LHC with early data 



Conclusions 

•  The LHC is back online! 

•  Expect a long physics run this year with integrated luminosity 
up to 500 pb‐1  

•  Many searches for exo9c heavy quarks at the LHC offer 
unusual and/or spectacular signatures 

•  Early discoveries are possible in many cases 

•  A very exci9ng 9me is ahead of us;  we need to keep an open 
mind and be prepared for the unexpected! 


