
Updates on triple gauge coupling from  
WW+WZ semileptonic (lνjj) analysis

Background material: my presentation in SMP-VV on Apr 20, 2012
https://indico.cern.ch/conferenceDisplay.py?confId=168019

Qialg Li, Zijun Xu, Shuai Liu, Chayanit Asawatangtrakuldee: Peking University



Kalanand Mishra, Fermilab  / 172

14 independent couplings can completely describe the VWW vertices within the 
most generic framework of the SM EWK theory consistent with U(1) gauge 
invariance: 7 each for ZWW and γWW 

•In reality, only a few of these parameters are experimentally measured

•Experimenters further reduce the number using different schemes 

Anomalous gauge couplings
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Different TGC parameterizations from Yurii Maravin

Used at Tevatron, and being 
pursued in CMS WW leptonic 
analysis. Implemented in MCFM.
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Unitarity: cut-off scale dependence 

Any anomalous TGC violates unitarity at sufficiently large energies
Theorists prefer to scale the couplings with energy

         

CMS and ATLAS have been following Tevatron approach (although using 
different scale values). Can set limit for a few different scale values and 
provide extrapolations.
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Accessible in the present analysis

      
or Ws-channel WW

production
s-channel WZ
production

t-channel WW,
WZ production

at Leading Order in αS

1.Following LEP and Tevatron, we can set:    λγ = λZ = λ 
   Additionally, gauge coupling to fermions are highly constrained, so assume  

2. We need to consider a few choices of cutoff scale (Λ): 2 TeV, 7 TeV, 10 TeV.

TGC TGC
Gauge 
couplings 
to fermion

Our plan:

            

                        W+

W−

            
            

λγ, λZ, κγ, κZ λZ, κZ

g1Z

0 (i.e., SM)      ⇒
So, we will set limits on aTGC in the (λ, κ) plane. (two independent parameters)



Kalanand Mishra, Fermilab  / 176

Independent variations of the 5 couplings

•For the feasibility study, I varied each of the 5 couplings 
independently

-highly conservative ⇒ the goal was to determine the ball park 
estimate
-sensitivity estimate is conservative/pessimistic
-in actual limit setting, we will vary aTGC parameters in a 
coordinated way following the scheme described in the previous 
slide

•Plots from the feasibility study are shown in the next slides 
-chose the cutoff scale Λ = 2 TeV for these studies
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aTGC scan: effect on cross section

•Visible change in cross 
section from change in 
aTGC parameter.

•We should be sensitive to 
> 20% change in cross 
section. See next slide.



Kalanand Mishra, Fermilab  / 178

Cross section has some information ....

Combining all four channels 
we obtain:

NLO, MCFM
#diboson = 2724 ± 540,  MC prediction = 2885
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But also get more help from shape ....

anomalous coupling:
generated in MCFM

MCFM scaled to Pythia 
RECO/ Pythia GEN

SM coupling 
from Pythia
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Effect on shape: dijet pT

The W pT takes off 
beyond 200 GeV. Need 
more MC events in the 
tail. For this test 
generated 20k/ sample.
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Effect on shape: leptonic W pT

Practically same as 
hadronic W pT; highly 
correlated. Will use one of 
these (whichever gives 
better resolution/ agreement 
with MC) as observable.
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Effect on shape: other variables aren’t good 

Not very sensitive.
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Variations following the scheme of slide 5

•Generated grid pack for 
variation in (Λ, Δ𝜅) plane
•100k events/ sample

•Somewhat larger change 
in cross section compared 
to slide 8

•Similar conclusions as 
before
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W pT (Λ=−0.6)

⦁𝜅	 =	 0.0
⦁𝜅	 =	 0.2,	 0.4,	 0.6
⦁𝜅	 =	 −0.2,	 −0.4,	 −0.6
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W pT (Λ=−0.4)

⦁𝜅	 =	 0.0
⦁𝜅	 =	 0.2,	 0.4,	 0.6
⦁𝜅	 =	 −0.2,	 −0.4,	 −0.6
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W pT (Λ=−0.2)

⦁𝜅	 =	 0.0
⦁𝜅	 =	 0.2,	 0.4,	 0.6
⦁𝜅	 =	 −0.2,	 −0.4,	 −0.6
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Next steps ....

•Proceed to set actual limits 
-Use the Higgs combination tool as used in HWW and Mjj 
analyses. Already in the works. 

• Try alternative fullSim signal samples of aTGC for cross checks
-we have been able to generate MadGraph LHE files for a few 
benchmark points 
-fullSim in process, can provide valuable cross checks

Aim to have the limits and full documentation next week. 
Cross-checks using fullSim will come later.



Kalanand Mishra, Fermilab  / 171841

                                                                                                                                         

                                                                                                                                          

 
                                                 
                                                                                                                                              

  
                                                 
                                                                                                                                              

  

15

                                                                                                                                         

 
                                                 
                                                                                                                                              

  

backup slides



Kalanand Mishra, Fermilab  / 1719

40 50 60 70 80 90 1001101201301400

0.05

0.1

0.15

0.2

0.25

40 50 60 70 80 90 1001101201301400

0.05

0.1

0.15

0.2

0.25

Diboson lineshape

In order to get NLO shapes, we generated diboson samples using 
MCFM. But diboson mjj shape is almost a delta function. Smearing 
this by detector resolution will get us a Gaussian shape which is 
not good. Need to explore some data driven shape.

Hadronic W mass (mjj) [GeV] Leptonic W mass (mlv) [GeV]

a. u.
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Dataset & MC samples: use full 2011 data

Fall 11 MC: 
Processed in 

CMSSW 
4_2_X

Data

For electron use:  
Ele_25/32/35_WmT40/50

For muons:           
IsoMu_24 || IsoMu_17 || 
Mu_20 || Mu30 || Mu40

Triggers

typo



Kalanand Mishra, Fermilab  / 1721

Event selection and quality cuts

✦Studied in detail
✦Improve the signal to background ratio, reduce syst uncertainty
✦Will show distribution of some of these variables later
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Signal and background expectation

Signal Efficiency x Acceptance x BR

total = 0.88% including the BR (~11% for each lepton, 67% jj)

Back-of-the-envelop calculation: expect 65 pb x 5 fb−1 x 0.88 ≈ 2800  diboson events

Background rate

                                  

                                                                                                                                       

                                                                                                                                                                                                                                

cross section
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Fit results table
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WW invariant mass

Harder to interpret the effect. 
Perhaps more sensitive to cutoff 
scale. Also, the agreement 
between data and main 
background MC is not good.
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Leading jet and lepton pT (Λ=−0.6)

⦁𝜅	 =	 0.0
⦁𝜅	 =	 0.6,	 0.4,	 0.2
⦁𝜅	 =	 −0.6,	 −0.4,	 −0.2
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Agreement between fullSim LO and MCFM

• The MCFM is parton-level NLO generator 
-no hadronization, no detector simulation 
-our standard diboson (WW and WZ) samples are fully 
simulated in Pythia at LO
-the agreement between the two in W pT is good (I am working 
on the comparison plots). Can be seen in the Mjj paper.
-data-MC agreement for W+jets background is also good in 
shape. Normalization determined by dijet mass fit (slide 8).

•For high pT (> 100 GeV) no need to re-weight the MCFM for 
detector effects. Will revisit it if needed.


