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• Search for Single top  
• W’ boson resonances
• Anomalous Wtb couplings



• First evidence presented in 2006
• Main production mechanism for (SM-like) top production:

Single Top quark production

s-channel “tb” t-channel “tqb”

σNLO = 0.9± 0.1 pb σNLO = 2.0± 0.3 pb
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m(top)=175 GeV
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Single Top quark : event selection
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σ(p̄ p→ tb + X, tbq + X) = 4.7± 1.3 pb

fb−1  Cross section measured  from 0.9        dataset 
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• 2, 3 or 4 jets

• at least 1 b-tagged jet

leading jet pT > 25 GeV and |ηdet| < 2.5
second leading jet pT > 20 GeV

pT > 15 GeV and |ηdet| < 3.4
electron pT > 15 GeV and |ηdet| < 1.1
muon pT > 18 GeV and |ηdet| < 2.0

MET > 25GeV

• backgrounds : W+jets,     , dibosons (from MonteCarlo)
                       multijets (from data)
• multivariable analyses :  multivariable techniques  to discriminate signal from 
background. the variables describe individual object kinematics, global event 
kinematics and angular correlations.

•1 isolated electron or muon

• missing transverse energy



 Search for New Physics  
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• New massive  particles :
charged gauge bosons are 
predicted in many extensions 
to the SM.

• Anomalous couplings :
changes to the cross-sections     
changes to the angular 
distributions of existing SM 
processes.

It is however possible that new physics 

      might not change the                    ,

What if … ?

! "Br t bW!

e.g. no additional new light fields

       with mass less than! "
t
m

but will strongly modify the width of                     ,

      due to  the interaction

! "t bW! "

t
b

W

     is strongly modified.

Hence, the lifetime of top quark is different from SM’s prediction.

Need to study the interaction of t – b - W .F. Badaud, Susy08

April 15, 2008 Monica Pangilinan (DØ) 2

Motivation
• W' is predicted by many extended SM physics models:

– technicolor, composites and little Higgs models, universal 
extra dimensions, left-right symmetry

• This is an extension of the 0.9fb-1 result of evidence for SM 
production of singletop at D! (V.M. Abazov et al. (D! Collaboration) 
Phys. Rev. Lett. 98, 181802 (2007))

– only looking at W' "#tb or W'" tb 
• has a relatively small multijet background and is less 

model dependent 

SM W production W' production

    



Heavy W’ resonances
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Heavy W’ resonances

• effective    for W’ interactions w/ SM fermions       written in a model independent form:fij

aL
ud aL

tb aR
ud aR

tb

purely left handedW′
L 1 1 0 0

purely right handedW′
R 0 0 1 1

•Production

•Decay
W′

L
W′

R

•left-handed        with SM couplings, interference with SM taken into account
•right-handed       

 
✦if                               decays to
✦if                               only decays to                 

m(W′
R) > m(νR)

m(W′
R) < m(νR) q̄q

!ν and q̄q

Right and left couplings of W’ to quarks

L =
Vfifj

2
√

2
gwf̄iγ

µ(aR
fifj

(1 + γ5) + aL
fifj

(1− γ5))W ′
µfj + h.c.
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t

t̄

F. Badaud, Susy08

600 < massW’ < 900 GeV 

L
W ′

search for W′ → 3rd quark generation



W′
L

Left-handed W’ : selection and event 

• tb invariant mass :        reconstructed with the invariant mass of the leading 
two jets,   the charged lepton and the neutrino by adding their measured 
momentum 4-vector.

√
ŝ

• single top selection restricted to 2 or 3 jets, same dataset
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signal : contribution from a W’ 

and a SM W and interference 



W′
L

√
ŝ > 400GeV

• tb invariant mass :        reconstructed with the invariant mass of the leading 
two jets,   the charged lepton and the neutrino by adding their measured 
momentum 4-vector.

√
ŝ

• single top selection restricted to 2 or 3 jets, same dataset
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Left-handed W’ : selection and event 

process SM + W ′
L

single top 6.4 ± 1.4
tt̄ 59.1 ± 14.4
W + jets 91.0 ± 18.8
multijets 29.7 ± 5.9
Total Bkg 186.1 ± 40.4
Data 182



W′
L

• tb invariant mass :        reconstructed with the invariant mass of the leading 
two jets,   the charged lepton and the neutrino by adding their measured 
momentum 4-vector.

√
ŝ

• single top selection restricted to 2 or 3 jets, same dataset

W′
R

√
ŝ > 400GeV
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Right-handed W’ : selection and event 

process W ′
R

single top 10.2 ± 2.2
tt̄ 59.1 ± 14.4
W + jets 91.0 ± 18.8
multijets 29.7 ± 5.9
Total Bkg 190.0± 41.2
Data 182



W’ : results

W′
L mass[GeV]
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m(W ′
L) > 731 GeV

m(W ′
R) > 739 GeV if m(W ′

R) > m(νR)
m(W ′

R) > 768 GeV if m(W ′
R) < m(νR) at 95 % C.L.

W′
L mass[GeV] W′

R mass[GeV]

F. Badaud, Susy08

• Limits are derived using a binned likelihood constructed from the      spectrum > 400 GeV
√

ŝ



Anomalous Wtb couplings
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Anomalous Wtb couplings

It is however possible that new physics 

      might not change the                    ,

What if … ?

! "Br t bW!

e.g. no additional new light fields

       with mass less than! "
t
m

but will strongly modify the width of                     ,

      due to  the interaction

! "t bW! "

t
b

W

     is strongly modified.

Hence, the lifetime of top quark is different from SM’s prediction.

Need to study the interaction of t – b - W .

• general CP-conserving Wtb vertex can be parametrized with the effective lagrangian : 

•Assumption :  Wtb vertex dominates top quark production and decay : 
                  |Vtd|2 + |Vts|2 << |Vtb|2

•Look at 2 couplings at the same time, assuming the other 2 are negligible.
  Consider single top production with the SM Left-handed  Vector         coupling 
with added contribution from

✦ the Right-handed  Vector         coupling, or
✦ the Left-handed  Tensor        coupling, or
✦ the Right-handed Tensor        coupling
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L = − g

2
√

2
Vtbb̄{γµ(fLV (1− γ5) + fRV (1 + γ5)) +

iσµνqν

MW
(fLT (1− γ5) + fRT (1 + γ5))}tWµ + h.c.

fRV

fRT

fLT

fLV

within SM fLV = 1 Vtb ≈ 1 fRV = 0 fLT = 0 fRT = 0



Wtb :  multivariable analysis
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• Same selection as single top search, same dataset.
• For each coupling scenario (2 signal), train trees in 4 analysis channel defined by lepton 
flavor and b-tag multiplicity.
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FIG. 2: Boosted decision tree output distributions for data and sum of standard model signal and backgrounds for events with
2 jets and 1 b tag for (a) the (LV ,LT ) scenario, (b) the (LV ,RV ) scenario, and (c) the (LV ,RT ) scenario. Superimposed are
the distributions for the single top quark signals with standard model couplings and with anomalous couplings. The latter are
normalized to the standard model single top quark signals.
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FIG. 3: Plots of the 2-dimensional posterior probability
density for |Vtbf |2. The plots on the left show the expectation
for standard model couplings and the plots on the right
show the observed posterior from our data. The upper row
shows the plots for the (LV ,LT ) scenario, the middle row for
the (LV ,RV ) scenario, and the bottom row for the (LV ,RT )
scenario.

as our measurements. In all three scenarios we measure
zero for the non-standard couplings. We compute 95%
C.L. upper limits on these couplings by integrating out

TABLE I: Measured values of total cross sections and
couplings for single top quark production in the three
scenarios.

Scenario Cross Section Coupling
(LV , LT ) 4.4+2.3

−2.5 pb |VtbfLV |2 = 1.4+0.6
−0.5

|VtbfLT |2 < 0.5 at 95% C.L.
(LV , RV ) 5.2+2.6

−3.5 pb |VtbfLV |2 = 1.8+1.0
−1.3

|VtbfRV |2 < 2.5 at 95% C.L.
(LV , RT ) 4.5+2.2

−2.2 pb |VtbfLV |2 = 1.4+0.9
−0.8

|VtbfRT |2 < 0.3 at 95% C.L.

the standard model coupling to get a one-dimensional
posterior probability density. The measured values
are given in Table I. The data favor the standard
model left-handed vector hypothesis over the alternative
hypotheses.

In summary, we have studied the excess observed in
the D0 data in the search for single top quark production.
We attribute this excess to single top quark production
and study its consistency with different hypotheses for
the structure of the Wtb coupling and find that the data
prefer the standard model coupling over the alternative
hypotheses studied.

We thank the staffs at Fermilab and collaborating
institutions, and acknowledge support from the DOE
and NSF (USA); CEA and CNRS/IN2P3 (France);
FASI, Rosatom and RFBR (Russia); CNPq, FAPERJ,
FAPESP and FUNDUNESP (Brazil); DAE and DST
(India); Colciencias (Colombia); CONACyT (Mexico);
KRF and KOSEF (Korea); CONICET and UBACyT
(Argentina); FOM (The Netherlands); STFC (United
Kingdom); MSMT and GACR (Czech Republic); CRC
Program, CFI, NSERC and WestGrid Project (Canada);
BMBF and DFG (Germany); SFI (Ireland); The
Swedish Research Council (Sweden); CAS and CNSF
(China); and the Alexander von Humboldt Foundation
(Germany).

[a] Visitor from Augustana College, Sioux Falls, SD, USA.
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• The cross-section and               are extracted from the discriminant  distributions|VtbfX |2
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• A binned likelihood is computed.  
• A two-dimensional posterior probability density is computed as a function of
                      and   |VtbfLV |2

D0 RunII preliminary

D0 RunII preliminary

D0 RunII preliminary

expectation 

LV=1, RT=1LV=0, RT=1 LV=1, RT=0

Wtb :  results for  (fLV , fRT )

|VtbfRT |2



measured  from data

D0 RunII preliminary

• The two-dimensional probability density is projected onto the axis
✦ if the projection has a local maximum, the value is quoted as the coupling

✦ if it doesn’t have a local maximum, a 95% C.L. limit is set

Wtb :  results for  (fLV , fRT )

|VtbfRT |2 < 0.3 at 95% C.L.

|VtbfLV |2 = 1.4+0.9
−0.8



Wtb :  results  

F. Badaud, Susy08
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scenario coupling
(fLV , fLT ) |VtbfLV |2 = 1.4+0.6

−0.5

|VtbfLT |2 < 0.5 at 95% C.L.
(fLV , fRV ) |VtbfLV |2 = 1.8+1.0

−1.3

|VtbfRV |2 < 2.5 at 95% C.L.
(fLV , fRT ) |VtbfLV |2 = 1.4+0.9

−0.8

|VtbfRT |2 < 0.3 at 95% C.L.

D0 RunII preliminary
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Summary
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•  0.9        dataset,  evidence of single top electroweak production

  limits on  W’ mass

 
 limits on anomalous Wtb couplings 

 search for charged Higgs  see Y.Peters [P1][143]
•  the Tevatron is performing well : more than 3.5         recorded by 
experiment 

m(W ′
L) > 731 GeV

m(W ′
R) > 739 GeV if m(W ′

R) > m(νR)
m(W ′

R) > 768 GeV if m(W ′
R) < m(νR)

at 95 % C.L.

scenario coupling at 95% C.L.
(fLV , fLT ) |VtbfLT |2 < 0.5
(fLV , fLT ) |VtbfRV |2 < 2.5
(fLV , fLT ) |VtbfRT |2 < 0.3

fb−1

σ(p̄ p→ tb + X, tbq + X) = 4.7± 1.3 pb

fb−1

The search for New Physics is not over

•   large potential for searches BSM


