
A quick summary of where we are
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Hadronic W in top events ? 2010 data

Just require ≥4 jets above pT 25 GeV, ≥1 b tag and leptonic W (muon: pT>20 GeV, 
MET>20 GeV; electron: ET>25 GeV, MET>25 GeV). Then plot mjj of the two jets 
which are not b-tagged. Keep all combinations.

In top events reconstruct clear W peak almost “out-of-box” with good resolution

muon data electron data

top top
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 JJ Pair without B JetJJM
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Hadronic W in top events: 2011 data

electron data

- Efficiency in data is smaller than in MC which makes MC normalization higher
- Had to scale up JEC by 10% for electron for now, muon data needs smaller 
correction

top

muon data

top



Angle of Lead J in WJJ
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Plots from µ data: the two Jackson angles

µ in WµAngle of 
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 (lead jet, jj)Jacksoncos
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Plots from e data: the two Jackson angles

W→jj W→lv

Good agreement between data and MC. Can cut:  −0.4 < θ < 0.7 in both.



CM Decay Angle of WW
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Phipl
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Plots from µ data: WW kinematics - I

Jackson angle Angle between decay planes
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Plots from e data: WW kinematics - I

Jackson angle Angle between decay planes

Good agreement between data and MC. But no obvious place to cut :(

Hadronic in the frame of leptonic
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Plots from µ data: WW kinematics - II
Angle between leptonic and 
hadronic W in the lab frame

Jacobian
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Plots from e data: WW kinematics - II
Angle between leptonic and 
hadronic W in the lab frame Jacobian

Need to cut hard on Δϕ (>2.94). Some reasonable cut on Jacobian (>0.15).
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µ data: Space separation
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e data: Space separation

Centrality cut (<0.5) can help. 
Similarly a mild cut on Δϕ (j1, MET), 
say, > 0.5. 
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W/Z peak in W+jj events: 2010 data

after subtracting W+jj  & 
top background from MC

# observed events in data = 600,           MC predicts: 
W+jj   = 554,    Ttbar + single top = 2,   WW + WZ  = 58

e, µ data combined

After applying top veto and few simple kinematic cuts see clear peak from 
hadronic W and Z. Cannot resolve between the two.
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After some optimization Dan had better S/B

mjj [GeV]mjj [GeV]
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muon dataW(→µν)+jj MC 
  template

The fit after all cuts is to the Wjj MC shape. The evidence remains for a W signal in 
the µ data with ~ 60 ± 20 events above a smooth background.

Exploit the angular variables (e.g., angle between the decay planes, Jackson 
angle etc.) to suppress W+jets bkg. 



 After Dan’s Angular CutJJM
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 ONLY  After JJM

0 50 100 150 200 250 300 350 400 450 500
Ev

en
ts

 / 
10

 G
eV

50

100

150

200

250

300

350

400

450

WJets

TT

WZ

WW

Data

HM180 X~10

HM300 X~10

-1 dt = 178.4 pbL 

=7 TeVsCMS Preliminary  

Kalanand Mishra, Fermilab  / 1714

W/Z peak in W+jj events: 2011 data: µ 
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W/Z peak in W+jj events: 2011 data: ele 

MC is normalized high because 
(I think) that selection 
efficiencies are higher in MC 
than in data.

Summary of all cuts I applied:

•  −0.4 < θ < 0.7 for cuv and cjj
• | Δϕ (W, W) − π | < 0.2
• centrality < 0.5
• Δϕ (j1, MET) > 0.5
• |cosϕ of decay plane| < 0.8
• cos(W, W+jj) > 0.5
• Jacobian > 0.15
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 After Dan’s Angular Cut & 60<MJJlM
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mlvjj distribution: 2011 data: µ 
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mlvjj distribution: 2011 data: ele 

Same cuts as on previous 
slide and

•  60 < mjj < 100 GeV 

W+jets MC is normalized 
higher for the same reason 
as described before 
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BACKUP SLIDES



 / ndf 2  17.55 / 14
Prob   0.2282
WW        26.0± 117.7 
Wjj       31.5± 487.7 
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CMS data: WW+WZ signal estimation
 / ndf 2  1.315 / 13

Prob       1
Norm      757.1± 257.6 
p1        63.4±   113 
p2        0.8472± 0.8457 
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Bkg shape 
from W+jj MC

 / ndf 2  0.4623 / 23
Prob       1
BW mean   5.21± 78.39 
BW sigma  11.90± 27.99 
Norm      8.2±  21.4 
Gauss mean  12.89± 84.76 
Gauss sigma  18.26± 26.21 
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Breit-Wigner 
x Gaussian

               Sig shape from 
WW+WZ MC

Shape derived from MC. 
Fit for the normalization.

WW  + WZ yield  =  118 ± 26 (stat)
W+jets yield        = 488 ± 32 (stat)

Clear evidence of diboson 
production in lνjj final state in CMS 

(e,µ data combined)

Any excess between 120−160 GeV is not 
significant, but is consistent with CDF result.


