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‘Direct’ searches with single top
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Search for new (heavy) particles - not necessarily resonances

t-ch

W+t

s-ch

Excited quarks
Charged Higgs

Charged W-like bosons (W’)
Composite models (top-pion)

New intermediate particles 
suppressed as 1/M2

Any top+X searches
Ex: monotop top + MET
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W’→tb searches
• Search for W’ boson(s)
 Predicted by many extensions of the SM
 L/R models, KK excitations, Little Higgs, …

• Why search for W’→tb decay
 More model independent than leptonic decay
 Probe leptophobic sector
 BSM dynamics could explain high top mass

• Model independent approach
 Effective Left-Right model (Sullivan arXiv:1208.4858v1)
 W’ with left-handed, right-handed or mixed couplings
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W’R → tb search (1.1 fb-1, 7 TeV) 
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Signature: e/µ+2jets, 1-2 btags
• pT(lep,jet)>25 GeV, MET> 25 GeV
• mT(W)+MET>60 GeV
Method: fit reco. mtb spectrum
Bckgd: W+jets/QCD rate data-derived

Signal model: Pythia …
Theory: Z. Sullivan Phys. Rev. D 66, 075011 (2002).

PRL 109, 081801 (2012)

NLO production cross section times branching fraction B(W’ →tb) (pb)
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W’R → tb search (1.1 fb-1, 7 TeV) 
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Search for excess: sliding window 
(BumpHunter tool) 
→ No significant excess founds
95% C.L cross-section limit: Bayesian 
approach (BAT)

m(W’) > 1.13 TeV at 95% C.L

LPC: 8 TeV analysis ongoing on right/left W’ boson search
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W’R,L → tb search (5.0 fb-1, 7 TeV)

Signal model: CompHep
• right/left/mixed W’ couplings
• Interference between single-top 
s-channel and W’L included
• NLO corrections on rate and 
shape

Physics Letters B 718 (2013)

Signature: e/µ+jets, 1-2 btags
• pT(e/µ)>35/32 GeV, MET(e/µ)> 35/20 GeV
• pT(j1)>100 GeV, pT(j2)>40 GeV
Method: fit reco. mtb / BDT spectrum
• mtb analysis specific: pT(top)>75 GeV, 

pT(j1, j2)>100 GeV, 130<M(top)<210 GeV
• BDT analysis: ~40 (!) input variables
Bckgd: W+jets rate data-derived

NLO production cross section times branching fraction B(W’ →tb→bblν) (pb)
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W’R,L → tb search (5.0 fb-1, 7 TeV)
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Inv. mass analysis BDT analysis
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W’R,L → tb search (5.0 fb-1, 7 TeV)

No significant excess observed
→ Limits sets using CLs method
• W’ right/left and max. mixed
• W’L interference term included
• both scenario of m(νR)
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95% C.L. limits on W’ mass
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W’R,L → tb search (5.0 fb-1, 7 TeV)
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Limits on coupling strength aR and aL

Procedure
• assume that aud (W’ prod) and atn are the same
• vary aL and aR from 0 to 1
• reweight mtb template for each value of aL and aR

• Compute limit for each aL, aR ,m(W’) hypothesis
• Compare to theory and set limits in aR, aL plane 
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Reach for W’ boson at √s= 7/8 TeV
Z. Sullivan et al., arXiv:1208.4858v1 (2012)

Pheno analysis based on effective W’ boson Lagrangian
• consider pure Right/Left W’ boson couplings
• For W’L assess effects of destructive/constructive interferences
• simple cut-based analysis performed at 7 & 8 TeV
• set exclusion limits on cross-section and couplings

1.6-1.7 TeV1.7-1.9 TeVW’L

1.7 TeV1.8 TeVW’R

8 TeV7 TeVMass Limits 
(5 fb-1)

Event selections

Reach slightly worse at 8 TeV
(gluon initiated bckgd grow faster 
that quark initiated signal)
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Limits on couplings
Exclusion Limit on coupling can be derived from cross-section limit
→ σ(pp→W’→tb) scales roughly as ~ (g’/gSM)2

Important to show exclusion for values larger than 1
• theory remains perturbative up to g’/gSM ~ 5
• but W’ boson width scales as (g’/gSM)2 → effect non negligible for g’/gSM > 2-3

and need to be properly simulated.
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b* search (4.7 fb-1, 7 TeV)
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Signal model: MadGraph, generated right/left/vector-like processes

Single b*-quark produced through chromomagnetic interaction and decays to a W+t
search performed in dilepton and lepton+jets final states and combined

arXiv:1301.1583v1 (submitted to PLB)
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b* search
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Discriminant distributions for each channel are combined using Bayesian method
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b* search
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m(b*)>870 GeV at 95% C.L
(benchmark scenario)

Limits on b* mass and couplings: KL,R , gL,R
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Monotop searches
Slides from
Timothée !
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Monotop searches
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Conclusion and outlook
• BSM searches in single-top physics at LHC
 Performed in parallel with indirect and SM measurements
 So far search for W’ boson, b* quark
 Next: W’ update, search for monotop events
 Limits on couplings is as (more?) important as limits on masses

• Future analysis paths
 Invest in boosted top topologies
 Investigate full hadronic searches

• Conclusion
 Rich sector, many interesting BSM signatures
 Maintaining contact with your (favorite) theorists is very important
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Backup material
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Monotop
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Monotop
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Chirality and helicity
Spin correlation in qq’ → W’ → tb
 Impacts angular correlations in top production and decay
 See for example: http://arxiv.org/abs/0911.0620
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The lepton moves in the direction of the top spin
• W/W’L: opposite to top moving direction
• W’R: same direction

Ex: SM single-top s-channel


