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Single top production & motivations:
Three production 
processes for single top 
in SM:

q2
W < 0

q2
W > 0

Motivations:

• Single top still has not been discovered
• Determination of  σ(pp tX)
• The only direct way to determine |Vtb| 
• Top polarization and mass
• Probe of new physics:

-FCNC
-tWb anomalous coupling
-New quark generation
-Extra gauge boson 
-Background for new physics

q2
W =M2w

2



Single top production cross sections at LHC:
process σ (pb) uncertainties

PDF    µ−scale      ∆mtop

(µ−µ/2)  (4.3 GeV)
t-channel(NLO) 246.6 ± 8.7 4%            3%             1%

s-channel(NLO) 10.6 ± 0.7 4%            2%             3%

tW-channel(LO) 60   10%          ?                1%
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process σ (pb) Limits    (95% CL)

t-channel(NLO) 1.98 σt-channel <  5.0 pb
s-channel(NLO) 0.88 σs-channel < 6.4  pb
tW-channel(LO) 0.15 Not observable

some
DØ results



Single top decay modes & backgrounds
at LHC:

Single top signal final state:

• t-channel : t , q , (B) (l+ν b) , q , (B)
• s-channel : t , B (l+ν b) , B
• tW-channel : t , W (l+ν b) , qq’

Main Backgrounds:

- ttbar (W+ b) (W- B) at least one W decays leptonically
- W+nj (l ν) + nj
- WQQbar(Q = b , c) & WZ (W l ν)
- QCD (multi-jets) contains fake leptons
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Reconstruction of W boson momentum:
To reconstruct W boson momentum from lepton and MET we need to know the Pz
of neutrino , the default value of  W mass is used:
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Two problems are appeared here:

-In some events ∆ < 0 (there are some ideas).

-There are two solutions for  Pz of the neutrino.
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MC analysis , Tevatron
experience show that in 

almost 70% of events the
min. |Pz, ν| solution is true.

In CMS single top analysis the  min. |Pz| solution is used.



s-channel ATLAS:
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Selection strategy :
The analysis is splitted between tB and Tb
• Exactly two high pT b-jets in the central region

|η| < 2.5
• high pT isolated lepton 
• The secondary lepton with opposite sign veto.
• Cut on MET (to suppress backgrounds with no W)
Topological cuts:

• Window on H_T
• Top  mass window

Results:
S/B = 0.15  & √(S+B)/S = 6%

, WbB , WcC

Preliminary

ISR and FSR

JES

1%

Full topological 
selection

2050

10% Exp
8% Bck
5% Lum



s-channel CMS:

Selection strategy:
– One high-PT lepton
– Exactly two high-PT jets, both b-tagged
– Missing Energy
– Reconstruct Top with W (the min-|Pz

ν|  
solution) and the b-jet with “jet charge”
opposite to the lepton (if both opposite, the one 
giving the highest-PT top is chosen)

– |ΣT| cut
– Window in Mtop

– Other topological variables are used, most 
notably M(tb) (directly related to ŝ)
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t-channel :
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• One of the specific features: the light quark is 
forward/backward.

• The additional b-quark is very soft, so that usually it is not 
observable.

Kinematics at parton level:



t-channel  ATLAS :
Selection strategy :

• Excatly two high pT jets:
-one b-jet in the central region |η| < 2.5
-one light forward jet |η| > 2.5
• One high pT lepton 
• MET
• Window on HT
• Top mass window

Results:
S/B = 3  & √(S+B)/S = 1.4%
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, WbB , WcC

Preliminary

Preliminary

Background estimation 
ISR and FSR

0.5%
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t-channel  CMS :

Selection strategy :

• Excatly two high pT jets:
-one b-jet in the central region |η| < 2.5

-one light forward jet |η| > 2.5
• One high pT isolated lepton 
• Cut on MET

• Cut on |Σ| ,

• Cut on Transverse mass of W boson
• Top mass window

Performance:
-Efficiency = 1.3%  , N(10 fb -1) =  2350 events

Main Backgrounds:
-ttbar , W+jets , WbB+j
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tW-channel  ATLAS :

Background estimation ISR and FSR
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CMS:
Analysis is in progress for two cases: 

- two W bosons decay leptonically
- the W boson from top decays leptonically and  another W decays hadronically



Conclusion :
• Single top provides specific tests of EW
• t-channel: largest source of single top  events at LHC

-main backgrounds are: ttbar , W+jets , WbB , WcC
-statistical sensitivity  to Vtb ~(1-2)% (30fb-1)

• s-channel: the most difficult channel
-main backgrounds: t-channel, ttbar, WbB , WcC
-statistical sensitivity  to Vtb ~7% (30fb-1)

• tW-channel:
-dominant background is ttbar , t-channel also is a background
-statistical sensitivity  to Vtb ~4% (30fb-1)

*Significant errors come from the backgrounds estimate (theoretically limited) and
MC (ISR,FSR and btag)
- Analyses in CMS and ATLAS are going on to improve the results.
- ATLAS: There have been a good agreement between Full simulation and Fast 

simulation results.
-CMS: The most analyses are done with full simulation (based on Geant 4) for Physics 

TDR.
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