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• Three single top production channels:

• Weak interaction production (Wtb, btW) and decay vertices (tWb)

• Access to CKM matrix element Vtb

• Sensitive to new physics

• Top cross-sections at the LHC (and Tevatron)

Introduction
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2) Cross sections (pb) s-channel t-channel tW channel top pairs

Tevatron: ppbar@1.96TeV 1.05 2.08 0.22* 7.08

LHC: pp @ 7 TeV 4.56 65.9 15.6 163

LHC: pp @ 8 TeV 5.55 87.2 22.2 234

Top mass = 173 GeV

*arxiv.org/pdf/0909.0037
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• Highest single top production cross-section at the LHC (and 
Tevatron)

• Systematics dominated measurement

• Only leptonic W decays considered (e, μ final states):

• Lepton + jets topology:

• Potential extra b-jet, broad |η| and low pt

• Main backgrounds: 

• W+jets, top pairs, QCD multi-jets

Single top t-channel
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q0 Light quark jet (large |η j’|)

Isolated lepton (μ or e)

Missing Transverse Energy (νe or νμ)

Central high pt b-jet

t-channel Lumi
1.2 fb-1(μ)
1.6 fb-1(e)

CMS PAS TOP-11-021



Gabriele Benelli, University of Kansas ICHEP 2012, July 5th 2012

• Selection:

• Exactly 1 isolated muon (electron)          

• Exactly 2 jets

• Exactly 1 b-tagged jet

• Background estimation and control samples:

• QCD multi-jet

• W+light flavor 

• Top pairs

• W+heavy flavor

• Reconstruction:

• W transverse mass mT,W

• Top invariant mass mlvb

• Signal region (2j1btag): 

t-channel Event Selection
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2j1btag

Reversed Iso/ID

2j0btag

3j2btag
2j1btag sideband

130GeV < mlvb < 220GeV

for μ:  mT,W >40GeV
for e: ETmiss>35 GeV 



Gabriele Benelli, University of Kansas ICHEP 2012, July 5th 2012

t-channel QCD background
• Data-driven QCD multi-jet estimate:

• QCD model from reversed iso/ID control region

• QCD yield from 2j1btag fit of mT,W for muons and Etmiss for electrons

• Suppress fake W leptonic decay events with mT,W and Etmiss cut 
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t-channel W+heavy flavor
• Event yield in signal region after mlvb cut:

• W+heavy flavor mostly responsible for the data excess:

• In situ |ηj’| distribution extracted from the mlvb sidebands by 
subtracting all other processes from data

• W+heavy flavor + di-boson fit as EWK component of the signal 
region |ηj’| fit
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t-channel Signal Extraction
• Maximum Likelihood Fit to |ηj’|

• Simultaneous fit in μ and e channels

• Signal model is taken from 
simulation

• QCD fixed to the data-driven 
estimate, W+HF in situ

• Fit results cross-checked in signal 
and control regions
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t-channel Results
• All systematics are folded into the statistical evaluation

• Main systematic uncertainties: 

• JES (9%), W+HF extraction (7%), b-tagging (3%)

• Theoretical uncertainties: Q2 scale (7% t-channel, 4% top pairs)

• Cross section results per channel and combined:

• Theoretical value:

• CKM matrix element |Vtb| in the assumption |Vtd|, |Vts| << |Vtb|
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Single top tW channel
• tW associated production observable at LHC for the first time! 

• Interesting topology (background to Higgs->WW searches)

• Only leptonic (e, μ) decays of W considered:

• Di-lepton topology:

• No chance to fully reconstruct W or top

• Main backgrounds:

• Top pairs, Z+jets, all other processes very small
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Two isolated leptons (ee, μμ, eμ) 

Etmiss from the two neutrinos
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ee/μμ 

tW channel Event Selection
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HT = pT,`1 + pT,`2 + pT,jet + Emiss
T

eμ

All states

All states

~p system
T = ~pT,`1 + ~pT,`2 + ~pT,jet +

�!
ET

miss

• Selection (3 final states ee, μμ, eμ):

• Exactly 2 isolated leptons          

• Exactly 1 b-tagged jet

• Z mass veto (mll < 81GeV, mll > 101 GeV) 

• ETmiss > 30 GeV

• Two variables inspired by LO tW process description:

•  

•  

• Final cuts:

• HT >160GeV

• pTsystem<60GeV

• Signal region defined by 1j1btag, other jet/b-tag multiplicities used as 
control regions to constrain top pair cross-section

• Z+jets (reverse Z mass veto) control region to get data-driven estimate
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tW Reconstructed Variables
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eμ eμ Signal/Background
Separation

Data/MC 
distributions

(all other cuts)
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tW channel Analysis
• Data-driven estimate of Z+jets:

• Invert Z mass veto and 
extract normalization for 
signal region

• Top pairs background estimate:

• Two top pairs enriched 
control regions (2j1btag, 
2j2btag)

• Yield in these control 
regions to constrain top 
pair contamination in signal 
region

• Signal extracted using 
simultaneous fit to signal and 
control regions
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tW Analysis Results
• Main systematic uncertainties: 

• b-tagging (10%), JES (2.5% tW signal,6% top pairs)

• Theoretical: Q2 scale (10% tW signal, 12% top pairs)

• With Poisson statistical model, combining all three channels and 
taking into account all systematic uncertainties:

• Expected significance 1.8 +/- 0.9 σ  away from null-hypothesis

• Observed significance 2.7 σ

• Measured value of the cross-section and 68% C.L. interval:

• σtW = 22 +9 -7 (stat⊕sys) pb

• Theoretical value (mtop=173GeV):

• σtW = 15.6 ± 0.4(scale)+1.0−1.2(PDF) 
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Conclusions
• Single top production has been studied in t- and tW channels at CMS

• First measurement of tW cross-section:

• σtW = 22 +9 -7 (stat⊕sys) pb 

• Expected significance: 1.8 +/- 0.9 σ Observed: 2.7σ  

• Improved t-channel measurement, already dominated by systematics:

• |Vtb| measurement with 10% uncertainty from t-channel analysis:

• Both results are in agreement with Standard Model predictions

• Stay tuned for new results!
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Back-up
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Cross-section table
• With all uncertainties (first due to renormalization/factorization 

scale, second due to the parton distribution function)
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Cross sections 
(pb)

[mtop = 173 GeV]
s-channel t-channel tW channel top pair

Tevatron: 
ppbar@1.96TeV 1.046+0.002−0.01+0.06−0.056 2.08 +0.00−0.04 ± 0.12 0.22 ± 0.08 7.08 +0.00−0.24+0.36−0.27

LHC: pp @ 7 TeV 4.56 ± 0.07+0.18−0.17 65.9 +2.1−0.7+1.5−1.7 15.6 ± 0.4 +1.0−1.2 163 +7−5 ± 9

LHC: pp @ 8 TeV 5.55 ± 0.08 ± 0.21 87.2 +2.8−1.0+2.0−2.2 22.2 ± 0.6 ± 1.4 234 +10−7 ± 12

N. Kidonakis
arxiv.org/pdf/1205.3453v1 

(2012)

N. Kidonakis
arxiv.org/pdf/0909.0037 

(2009)
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CMS$
3.8T Solenoid 

ECAL!76k scintillating  
PbWO4 crystals 
HCAL!Scintillator/brass 

Interleaved ~7k ch 

•  Pixels (100x150 µm2) "
    ~ 1 m2 ~66M ch"
• Si Strips (80-180 µm)"
   ~200 m2 ~9.6M ch!

Pixels$&$Tracker!

MUON$BARREL!
250 Drift Tubes (DT) and 
480 Resistive Plate Chambers (RPC) 

473 Cathode Strip Chambers (CSC) 
432 Resistive Plate Chambers (RPC) 
 

MUON$ENDCAPS!

Total+weight+++++++++14000+t+
Overall+diameter+++15+m+
Overall+length+++++++28.7+m+

IRON$YOKE$

YBO 
YB1-2 

Preshower 
Si Strips ~16 m2 

~137k ch 
 

Foward Cal 
Steel + quartz 
Fibers 2~k ch 
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CMS detector and data sample

• Data taking at 7 TeV (2011): 5.2 fb-1

• Analyses presented today based on a 
fraction of the data:

• t-channel:     1.2fb-1(μ)/1.6 fb-1(e)

• tW-channel:  2.1 fb-1
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t-channel systematics
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tW systematics
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Cross-section vs. sqrt(s)
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