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Motivation
• Top Partners are what cancels the top loop divergence in mH 

!

!

!

• Top Partners are light in all Natural Theories
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http://arxiv.org/abs/1205.0013

• Light Higgs plus Low Tuning need light Partners
SUSY	


bosonic partners(stops)
X-dim, Little Higgs, Composite Higgs… 

fermionic partners
http://arxiv.org/abs/1211.5663

http://arxiv.org/abs/1205.0013
http://arxiv.org/abs/1211.5663


Introduction
• What are Vector-like fermions:  

• Fermions that transforms as (3,1,+2/3) under SU(3)c × SU(2)W× U(1)Y 

• Why are called “vector-like”? 

!
!

• SM chiral quarks: ONLY left-handed charged currents  

!

!

!

!

• vector-like quarks: BOTH left-handed and right-handed charged currents 

!
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Introduction
• Models involving VLQ: 

• Composite/Little-Higgs, extra-dimensions, non-minimal SUSY extensions, etc. 

• Vector-like quarks & FCNC: 

• Unlike for chiral quarks, FCNC are not suppressed 

• VLQ can decay into different final states and BR are considered as free parameters 
in the experimental searches 

• The W/Z/H bosons are used as a probe for new physics 

• VLQ mixing: 

• Mixes maximumly with top quarks and CMS during Run1 has studied it with great 
emphasis 

• Mixing is not only constrained with the 3rd  generation  G Cacciapaglia, A. Deandrea (arXiv:1007.2933) ,  

Andrea Wulzer et.el (arXiv:1211.5663)  

• VLQ Production: 

•  Pair through strong production mechanism (CMS focus in Run1  with typical 
constraints of mQ~ 750 GeV 

• Single quarks in association with a b-quark or a top quark (Main focus in Run2)
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http://arxiv.org/abs/1007.2933
http://arxiv.org/abs/1211.5663


Searched Signals & Channels
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• Pair-produced 3rd generation partners



Searched Signals & Channels
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• Pair-produced 3rd generation partners

✔️

❌

❌

❌

❌ (See talk by Ivan)

(See talk by Gerrit)

(See talk by Gerrit)



Searched Signals & Channels
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

•Complex and busy final states!

• Multiple b quarks, bosons!
• Many possible channels (0 to ≥4 leptons)!
• B.R are free parameters

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G


Searched Signals & Channels
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

•Complex and busy final states!

• Multiple b quarks, bosons!
• Many possible channels (0 to ≥4 leptons)!
• B.R are free parameters

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G


Common Strategies
• Look for excesses over a known background in high ST(sum pT of final 

decay products) tails  

• Use Njets, Nbosons as additional variable to enhance search sensitivity

7ST (GeV)

Illustration, e+jets

0-Vtag 1-Vtag

≥2-Vtags

B2G-12-004

B2G-12-019

4-jets 5-jets



Common Strategies
• Look for excesses over a known background in high ST(sum pT of final 

decay products) tails  

• Use Njets, Nbosons as additional variable to enhance search sensitivity

7ST (GeV)

Illustration, e+jets

0-Vtag 1-Vtag

≥2-Vtags

B2G-12-004

B2G-12-019

4-jets 5-jets B2G-12-022

• Use kinematic properties if applicable; e.g, mass reconstruction



Common tools
• B-tagging  

• Combine Secondary Vertex algorithm  

• Likelihood Ratio using impact parameter, significance of tracks and secondary 
vertices 

• Performances: εb ≈ 70% - εlight ≈1% 

• Boosted regime!

• The New Physics searches often imply to look for massive objects 

• Boosted decay products ⇒ merged jets 

• Require advanced techniques of jet reconstruction and W/Z, top, Higgs tagging
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“Standard” jets – AK5  
(anti-kt R=0.5) “wide” jets – CA8/CA15



Common samples & uncertainties 
• Generators for background samples 

•Ttbar : MadGraph/POWHEG + PYTHIA 6 (Z2*) 

•Single t : MadGraph/POWHEG +PYTHIA 

•W/Z+jets, ttW, ttZ : MadGraph + PYTHIA 

•WW/WZ/ZZ, ttH : PYTHIA

9

• Generators for signal samples 

• MadGraph/COMPHEP 
interfaced with PYTHIA 
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• Generators for signal samples 

• MadGraph/COMPHEP 
interfaced with PYTHIA 

• Triggers: 

• Single lepton/dilepton, Lepton+3 central PFjets, HT 

• All efficiencies studied on MC and data, selection tuned to be on the plateau
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• Generators for signal samples 

• MadGraph/COMPHEP 
interfaced with PYTHIA 

• Triggers: 

• Single lepton/dilepton, Lepton+3 central PFjets, HT 

• All efficiencies studied on MC and data, selection tuned to be on the plateau

• Systematics: 

• All HLT, reconstruction and selection efficiencies and data/MC differences!

• Luminosity (2.6% (2013ReReco) to 4.4% (2012ReReco)) 

• Jet energy scale (~5% eta and pT dependent), Jet energy resolution (~1%) 

• MC : factorization and renormalisation scale, jet-parton matching scale, dedicated 
systematic samples 

• Data driven estimation: specific methods, data/MC, closure tests
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B-1/3 quark, l+jets
B→tW, bZ, bH 
• Selection 

• One isolated lepton (e,µ)   

• ≥ 4 AK5 jets (pT >200,60,40,30 GeV), ≥ 1 b-jet,  

• MET > 20 GeV 

• Centrality = ΣJets PT/ΣJets ET>0.4 

• Data driven components 
• QCD multijet background 

• Trigger/lepton and V/b-tagging efficiencies

CMS-PAS-B2G-12-019

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
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B-1/3 quark, l+jets
B→tW, bZ, bH 
• Selection 

• One isolated lepton (e,µ)   

• ≥ 4 AK5 jets (pT >200,60,40,30 GeV), ≥ 1 b-jet,  

• MET > 20 GeV 

• Centrality = ΣJets PT/ΣJets ET>0.4 

• Data driven components 
• QCD multijet background 

• Trigger/lepton and V/b-tagging efficiencies

CMS-PAS-B2G-12-019

• Search Strategy 
• Discriminating variable: 

!
• Events Categorization:  

• 0, 1 and ≥ 2 V-tag  

• V-tagging: jet mass consistent with W/Z or H  

• pT>200 GeV, 50 < Mjet < 150 GeV

0 Vtag 1 Vtag ≥2 Vtag

Similar bins for muon channel

ST = plT + �pjetT + Emiss
T

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
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Backgrounds
• QCD multijets 

• Shapes:  invert isolation or fail electron ID (e+jets)!
                           invert isolation (μ+jets)!

• Normalization:  Fit the MET distribution constraining EWK(Single top, Z+jets, 
dibosons, VV+jets) = 5%, TT+jets and W+jets = 10%!

• Top, W/Z/ttV+jets, dibosons from simulations

CMS-PAS-B2G-12-019

Event Counts

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
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Systematic Uncertainties
CMS-PAS-B2G-12-019

• Shape uncertainty estimates are from change in background acceptance	


• Use shape templates due to shape uncertainties in final fit result

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
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Combine e+µ limits: A mass bound of [582, 732] GeV is set at 95% CL for all possible BR.

ObservedExpected

CMS-PAS-B2G-12-019

B-1/3 quark, l+jets

732792

Benchmark point, tW:bZ:bH=0.50:0.25:0.25 : 700(Obs),  689(Exp)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019
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B-1/3 quark, OS dilepton  
B→tW, bZ 
• Selection 

• Two OS isolated leptons (e or µ) 

• 60<M(ll)<120 GeV 

• pT(ll)>150 GeV 

• ≥ 1 b-jet with pT > 80 GeV

• Strategy 
• Channels: e+e- & µ+µ- 

• Reconstruct invariant mass of B candidate, 
Mass(llb): peak to the signal mass 

• With Mass(llb) > 375 GeV, fit Mass(llb) 
simultaneously to test for presence of signal.

CMS-PAS-B2G-12-021

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
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Background  
CMS-PAS-B2G-12-021

Modeling of the distributions with data-driven method:

• Hard to reproduce M(llb) shape using simulation in the 
presence of high pT Z	


• Use ABCD method of evaluate it from data	


• NB = NA x ND/NC assuming no correlation	


• Use region IJKL to find the correlation 	


• Apply correction factors to NB	


• Shape of M(llb) is tested to be same in region A and B

B = Signal Regionthreshold >0.679

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
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Background  
CMS-PAS-B2G-12-021

Modeling of the distributions with data-driven method:

Expected Events

• Hard to reproduce M(llb) shape using simulation in the 
presence of high pT Z	


• Use ABCD method of evaluate it from data	


• NB = NA x ND/NC assuming no correlation	


• Use region IJKL to find the correlation 	


• Apply correction factors to NB	


• Shape of M(llb) is tested to be same in region A and B

B = Signal Regionthreshold >0.679

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
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B→tW, bZ (OS dilepton channel)
• Signal templates of M(B) mass distribution are prepared with different admixtures of the 

B → bZ and B → tW final states, assuming  
                                   BR(B → bZ) + BR(B → tW) = 100%. 

B → bZ, with 100% BR Dependence on BR(B → bZ)

        700(Obs),  680(Exp) dilepton channel is  
sensitive, unlike l+jets

CMS-PAS-B2G-12-021

B-1/3 quark, OS dilepton  

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
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B-1/3 quark, SS dilepton  
B→tW, bZ, bH 
• Final state 

• In BB→tW
+
tW

-
, tW

+
bH, bHbH→bW

+
W

-
bW

+
W

-
 

• Two W bosons decaying hadronically and 
other two leptonically => same-sign lepton 
pair + 6jets 

• ≥ 4 jets, MET >30 GeV 

• ST > 200 GeV

• Strategy 
• Search in all three channel: ee, eµ, µµ 

• Binned ST into five exclusive bins 

• [200,400], [400,600],[600,800],[800,1200],
[≥1200] GeV

CMS-PAS-B2G-12-020

μμ μμ

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12020
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
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Backgrounds 
• Four Categories	


• Type I (MC) -- Fake lepton 	


• ttW/Z, diboson and tribosons	


• Type II (data driven)-- Charge Misidentification 	


• use ratio to SS DL/ OS DL for combine Z+jets and ttbar+jets and multiply the 
ratio to the prediction in control region	


• Type III (data) -- Prompt and non-prompt dileptons	


• use Tight/Loose method	


• Several control regions: NLL, NTL, NLT, NTT	


• Estimate: Npp, Npf/Nfp, Nff as 2, 1 and 0 prompt leptons	


• Non-prompt fake rate: f1 and f2	


• Prompt leptons rates: p1 and p2

CMS-PAS-B2G-12-020

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12020
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
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B-1/3 quark, SS dilepton  
Event Yield

CMS-PAS-B2G-12-020

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12020
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
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B-1/3 quark, SS dilepton  
B→tW, bZ, bH (SS dilepton channel)

ObservedExpected

800 798

Benchmark point, tW:bZ:bH=0.50:0.25:0.25 : 641(Obs),  646(Exp)

CMS-PAS-B2G-12-020

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12020
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
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B-1/3 quark, multileptons  
CMS-PAS-B2G-13-003• Event selection: 

‣ ≥ 3 isolated leptons (τl = e or µ, ≤1τh) 

‣ M(ll)>12 GeV: quarkonia veto 

‣ |M(lll)-MZ|<15 GeV: conversion veto 

‣ ≥ 1 b-tagged jet (PT>80 GeV) 

• Classification:  

‣ number of leptons, taus, b-jets 

‣ # of opposite-sign same flavor (OSSF) 
- OSSF0 = µ+µ+e- 

- OSSF1 = µ+µ-µ- and µ+µ-e- 

- OSSF2 = µ+µ-e-e+ 

‣ on/off Z: OSSF in Z window (75–105 
GeV)? 

• Use ST in multiple exclusive 
channels

4 lep, ≥1b-tag, OSSF on Z 

3 lep, ≥1b-tag, OSSF off Z 

BB→tWtW

BB→bZbZ

http://c
http://c
http://c
http://c
http://c
http://c
http://c
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B-1/3 quark, multileptons  
B→tW, bZ, bH

ObservedExpected

A mass bound of [520, 785] GeV is set at 95% CL for all possible BR.

770

691 680502 520

785

CMS-PAS-B2G-13-003

http://c
http://c
http://c
http://c
http://c
http://c
http://c
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B-1/3 quark, multileptons  
B→tW, bZ, bH

ObservedExpected

A mass bound of [520, 785] GeV is set at 95% CL for all possible BR.

CMS-PAS-B2G-13-003

http://c
http://c
http://c
http://c
http://c
http://c
http://c
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CMS-PAS-B2G-13-003

B-1/3 quark: Grand Combination 
• Five different analyses for a legacy publication using 8 TeV data 

‣ Lepton+jets 

‣ Dileptons(OS, SS) 

‣ Multilepton 

‣ Boosted H→bb

Stay Tuned!

http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
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Run 2 Preparation



General Description
• Generic 'broad' assumption consistent with realistic models are: 

• New fermions interact with the SM fermions via Yukawa interactions. 

• The Quantum-numbers of the new fermions under the weak SU(2)L x U(1)Y gauge 
group are limited by interaction with the SM Higgs doublet and one of the SM 
fermions.

26

• Possible Q-numbers : 

• 1 SM-like singlet 

• 3 doublets : 1 with 
SM hypercharge Y, 
the others Y+/-1 

• 2 triplets with Y+/-1

  G Cacciapaglia, A. Deandrea (arXiv:1007.2933)

http://arxiv.org/abs/1007.2933


VLQ Production
• LHC Run1 has focused more on pair production of VLQ, with typical 

constraints of mQ~ 750 GeV

27

• Andrea Wulzer et.el (arXiv:1211.5663)

http://arxiv.org/abs/1211.5663


• LHC Run1 has focused more on pair production of VLQ, with typical 
constraints of mQ~ 750 GeV

28

• Andrea Wulzer et.el (arXiv:1211.5663)

VLQ Production

http://arxiv.org/abs/1211.5663


• Few interesting benchmark models to 
focus on for Run2 startup 

• Single Y(4/3) quark (Y →Wb) 
production in an association with b 

• Single B(4/3) quark (B →Wb) 
production in an association with b 
quark or top quark (other decay 
modes also feasible)

29

Benchmark Models

W+bb (+j)

B(1/3) →Wt B(1/3) →Wt

W+tt (+j)

J.A. Aguilar-Saavedra et al. [arXiv:1306:0572]

Y(4/3) →Wb

W+t+b (+j)

http://arxiv.org/abs/1306.0572


• Search Strategies

30

Benchmark Models

W	  +	  bb:
Y(4/3)'

b

b

W • Both W and b carry half of Y(4/3)-quark mass energy 
and are boosted for heavier Y(4/3)-quark  

• W- and t-tagging using CA8 jet selection is essential 

• recoiled b-quark is soft due to gluon splitting

W	  +	  t	  +	  b:

B(1/3)

t

b
W

• recoiled b-quark is soft due to gluon splitting

• Both W and b carry half of Y(4/3)-quark mass energy 

• W- and t-tagging using CA8 jet selection is essential  

• Single lepton can be the best way to go + BDT but all 
hadronic is also very sensitive 



• Search Strategies
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Benchmark Models

• Variety of final states	


• Single lepton + boosted W/t	


• SS and OS dileptons	


• All hadronic

• MC Production	


• Testing production using 
MG5 and 5F scheme

W	  +	  -:
B(1/3)

t

t

W

• Both W and b carry half of Y(4/3)-quark mass energy 
and are boosted for heavier Y(4/3)-quark  

• A combination of multiple final state can be used

• t quark is relatively soft
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Conclusion
• CMS is very actively pursuing the search program in the 

top-like sector 

• Many interesting analyses 

• with more and more stringent limits   

• useful for generic searches 

• Extensive use of jet substructure techniques @ 8TeV 
analyses 

• Final legacy results to come, stay tuned : 
           https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G!

• Getting ready for more data at higher energy ! 

• MC is a challenge: Many more new channels (Bt, Bq, BW, BZ, 
BH)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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Thank you
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Backup



• W tagging uses pruning algo: http://arxiv.org/abs/0912.0033 

• Recluster jets from its constituents removing soft and wide angle radiation 

• W Selection 

• Nsubjets = 2 

• 60 GeV < mjet < 130 GeV 

• Validated on semileptonic tt events (leptonic and hadronic legs are tag and probe) 

• W mass peak serves as a calibration of the subjet energy scale

35

Common tools: W-tagging



Common tools: top tagging 
• Top tagging algo: http://arxiv.org/abs/0806.0848 

• Invert the last steps of CA algo removing soft objects 

• Top Selection 

• Nsubjets ≥ 3 

• mmin > 50 GeV 

• 140 GeV < mjet < 250 GeV 

• Validated on semileptonic tt events (leptonic and hadronic legs are tag and probe)
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B quark searches  

37

B→tW, bZ (OS dilepton channel)

B→bZ, Z→ee

B→bZ, Z→µµ

CMS-PAS-B2G-12-021

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
http://cds.cern.ch/record/1524087?ln=en
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B-1/3 quark, SS dilepton  
Signal Acceptance

CMS-PAS-B2G-12-020

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12020
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
http://cds.cern.ch/record/1748343?ln=en
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• Systematic Uncertainty

B search with multileptons
CMS-PAS-B2G-13-003

http://c
http://c
http://c
http://c
http://c
http://c
http://c
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B search with multileptons

• Event counts for 3 leptons CMS-PAS-B2G-13-003

http://c
http://c
http://c
http://c
http://c
http://c
http://c
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B search with multileptons

• Event counts for 4 leptons CMS-PAS-B2G-13-003

http://c
http://c
http://c
http://c
http://c
http://c
http://c


• LHC Run1 has focused more on pair production of VLQ, with typical 
constraints of mQ~ 750 GeV
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SingleVLQ Production

• Similar decays for B


