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Analyses @ 8TeV
19.6fb-1 of LHC 
collisions in 2012

BSM analyses and top/bottom quarks at CMS

• Vector-like quarks - strong couplings to 3rd generation
– T' (charge 2/3) Physics Letters B 729 (2014) 149
– b'(charge -1/3) CMS-PAS-B2G-12-019, 12-021, 13-003 
– T' charge 5/3 hep-ex:1212:2391  

• Heavy gauge bosons decaying to 3rd generation quarks 
– W' hep-ex:1402.2176  
– Z', RS KK gluon Phys.Rev.Lett. 111 (2013) 211804 

• Top pairs, excitations and other top decays 
– RS t* hep-ex:1311.5357  
– RS t*, ~b CMS-PAS-B2G-12-008 
– Baryon n. violation Physics Letters B 731 (2014) 173 

• Dark matter searches - large couplings to 3rd generation 
– DM candidates CMS-PAS-B2G-12-022, 13-004 

https://cds.cern.ch/record/1632410/files/plb.729.149.pdf
http://cds.cern.ch/record/1599436?ln=en
http://cds.cern.ch/record/1595039?ln=en
http://cds.cern.ch/record/1629574?ln=en
http://arxiv.org/abs/1312.2391
http://arxiv.org/abs/1402.2176
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.211804
http://arxiv.org/abs/1311.5357
http://cds.cern.ch/record/1630845?ln=en
http://www.sciencedirect.com/science/article/pii/S0370269314001245
http://cds.cern.ch/record/1668115?ln=en
http://cds.cern.ch/record/1629574?ln=en
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Vector-like quarks
• "Vector-like quarks": Both left- and right-handed chiralities have the same 
representation under SU(2), i.e. their couplings to W,Z are symmetric ("vector-
like"). 
• Bare mass terms invariant under EWK gauge transformations: Independent of 
Higgs couplings and not ruled out by the Higgs boson discovery. (Unlike a 
sequential 4th generation of quarks.) 

• Appearing in several BSM models to cancel radiative divergences in Higgs 
mass: Little Higgs, composite Higgs, extra dimensions, non-MSSM Susy, GUTs, 
top condensate, ... 
• Mass of at most ~1TeV. 
• Mixing mainly with 3rd generation quarks. 
• Decays: T' -> b W, t Z, t H 

b' -> t W, b Z, b H 

• Most democratic combination of these branching ratios for EWK singlets: 
  50-25-25% ("benchmark branching ratios"). 
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Substructure techniques for boosted objects

The toolkit for “boosted tagging” includes: 

- “Fat jets”: Jets reconstructed with the Cambridge-Aachen clustering 
algorithm. Wide cone (R=0.8) to capture all decay products. JHEP (97) 08, 001
- N-subjettiness: Algorithm for checking the compatibility with having 1/2/3 
subjets (weighted clustering). ArXiv:1108.2701 
- Pruning: Algorithm for removing soft and wide-angle hadronic clusters. 
ArXiv:0903.5081 

- “CMS top tagger”: The combined power of pruning and N-subjettiness. 
- More top-tagging: Algorithm for identifying the subjets of the decay products 
(iterative un-doing of the clustering). 
JME-10-013, JME-13-007 
ArXiv:0806.0848, ArXiv:1209.4397, ArXiv:1204.2488 

 Mass distribution for fully-merged top candidate jets:

Large Lorentz boost i.e. E >= 2m: Tops, W, Z, Higgs  collimated hadronic decays. →

B2G-13-001
4
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Vector-like quarks

B2G-12-015: Inclusive search for  T' mass limit for the range of branching 
a vector-like T quark with charge 2/3 fractions: 690-782GeV (expected: 762-813GeV)

 T' -> b W, T' -> t Z, T' -> t H. At least 1 W decays leptonically. 
 Single lepton, opposite / same sign dilepton, trilepton channels. 
 Jet substructure techniques for highly boosted t, W, Z. 

Expected / observed mass limits as functions
of branching ratios of the three decay channels
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Vector-like quarks
B2G-12-019: Search for pair-produced vector-like b' mass for benchmark BRs: 
quarks of charge -1/3 in lepton+jets final state 700GeV (exp: 689GeV)

 b' -> t W, b' -> b Z, b' -> b H. 
 Exactly 1 W in the event decays leptonically. 
 Special tagging for boosted W, Z, H. 

B2G-12-021: Search for pair-produced vector-like  b' mass limit for BR(bZ)=1: 
quarks of charge -1/3 in dilepton+jets final state     700GeV (exp: 680GeV)

 b' -> t W, b' -> b Z 
 One dilepton pair in the event. 

B2G-13-003: Search for vector-like b'       b' mass for benchmark BRs: 694GeV
pair production with multilepton final states (exp: 694GeV)

 b' -> t W, b' -> b Z, b' -> b H. 
 >= 3 leptons in the event. 
 e, μ, hadronically decaying τ. 

Exclusion limit on BR(bZ)
as a function of b' mass

More than two boosted 
taggings, electron channel: 
Distribution of sum of all 
transverse energies             
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Vector-like quarks

B2G-12-012: Searches for top partners with charge 5e/3 T(5/3) mass limit: 770GeV
in the same-sign dilepton final state (exp: 830GeV) 

 T(5/3)  t W→ +  b W→ + W+. Same sign dileptons. 
 2 Ws decay leptonically, 2 Ws decay inclusively. 
 Boosted tops: top-tagging 
 Boosted Ws: jet pruning 

 Heavy top partner with charge 5/3 (e.g. composite Higgs models). 
Dirac particle, not contributing to / excluded by Higgs cross-sections. 

HT (sum of pt of all jets) 
All channels' combination
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Heavy gauge bosons

W' 
 Little Higgs models, extra dimensions, technicolour...  
 For left-handed couplings, there is interference with SM production W->tb: 
 Constraints are set on an arbitrary set of left- and right-handed couplings. The 
quoted results on the mass limit apply on purely right-handed couplings and to left-
handed couplings when ignoring interference with SM. 

Z' 
 Generic new gauge boson appearing in many models, presumed to couple more 
strongly to tops. 
 Here: leptophobic topcolor. 

RS KK gluons 
 Kaluza-Klein excitations of gluons in models of warped extra dimensions. 
 Enhanced couplings to     . 

(→t b̄+b t̄ )

(→t t̄ )

t t̄
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Heavy gauge bosons
B2G-12-010 Search for narrow t+b       W' mass limit: 2.03TeV (exp: 2.09TeV) 
resonances in the leptonic final state   Limits on couplings of W' to SM quarks. 

 W' -> t b,   t -> b W -> b l ν. 

B2G-13-001 Searches for anomalous Bump hunt in      with 
     production            three interpretations. 

 Semi-leptonic W decays: resolved / boosted tops
 All-hadronic W decays: from boosted tops (top tagging) 

New heavy scalars: 
σ < 0.8/0.3 pb for 
mass 500/750 GeV.

Reconstructed W' mass (electron / muon channel)

t t̄
t t̄
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Excitations and top decays

t* -> t g (dominant decay mode) 
 Excitation of top with spin 3/2. Consistent with SM Higgs 
production. 
 Found in string realizations of the RS model. 

   -> t + jet (dominant mode:           ) 
 R-parity-violating MSSM with minimal flavour violation: 
    is the lightest supersymmetric particle. 
 Similar kinematics as t* above, lower production rate. 

Baryon number violating top decays 
 Occurring in Susy, GUTs, black hole physics, ... 
 Already studied in nucleons, mesons, τ, Z. 

b̃→ t sb̃

b̃
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Excitations and top decays
B2G-12-014: Searches for production of excited t* mass limit: 790GeV (exp: 738GeV) 
top quarks in the lepton+jets final state 

 t* -> t g. Single lepton final states. 

B2G-12-008: Search for pair production of resonances 
to a top quark plus jet in states with two leptons  

t* mass limit: 300-703GeV 
(exp: 763GeV) 
b mass limit: 250-326GeV 
(exp:298GeV)

 t -> b W, W -> l l.

B2G-12-023: Search for baryon number violating top quark decays 

Branching fraction of the decay to 1 μ/e + jets: 
0.0016 (exp: 0.0029) / 0.0017 (exp: 0.0031) 

 

Reconstructed t+gluon mass and background fit

( muon / electron channel)

t→ b̄ c̄ μ , t→ b̄ ū e+ +

~
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Invariant mass of the three leading jets, in 
b-tagged events.

Dark matter searches

B2G-12-022: Search for new physics in single  
top + missing transverse energy final states     

Scalar DM mass limit: 327GeV (exp: 343GeV) 
Vector DM mass limit:655GeV (exp: 668GeV)

 t-> b W. W decays hadronically. 

B2G-13-004 Search for production of DM in assoc-
iation with top pairs in the dilepton final state 

Limits on the interaction scale of DM to top 
as a function of the DM candidate mass 

     in dilepton events: t-> b W, W decays leptonically.  

 Vector and scalar candidates coupling to top. Production by FCNC. 
 Dirac fermions with scalar-type interaction to quarks. Significant with 3rd gen.

t t̄
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Analyses' summary

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

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

A rich program for new physics with 3rd generation quarks 
at CMS. 

Run I was great and held a discovery … well, even though it 
was not BSM … :) 

Run II ? 

T' pair production cross-sections Expected sensitivity in combined 
multilepton and single-lepton + jets

Prospects for T' at 14TeV: 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/FTR13026

https://twiki.cern.ch/twiki/bin/view/CMSPublic/FTR13026
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Thank you!

t o p
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Back - up
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B2G 12-015
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B2G 12-019
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B2G 12-021
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B2G 13-003
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B2G 13-003
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B2G 12-012
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B2G 12-010



24

B2G 12-024
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B2G 13-001
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B2G 12-023
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B2G 12-023
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B2G 12-022
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B2G 13-004
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