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WLWL scattering

Higgs diagrams the 
cancel E2 WLWL 
scattering cross 
section dependence

deviations from nominal 
SM HWW coupling leads to 
significant cross section 
increase

arXiv:1412.8367 [hep-ph]

https://arxiv.org/abs/1412.8367
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Vector Boson Scattering (VBS)
● signature: 

– two highly η separated jets from scattered quarks
– any e μ opposite sign pair combination from WW          
  decay
– large missing ET due to neutrinos

● background: 
 – tt (reducible), WW with QCD diagrams,  DY + jets  

● signal selection:   
 – Deep Neural Network with input from 8 
    variables describing the  leptons and jets 
    kinematics 

● signal measurement:
 – maximum likelihood fit of template shapes   

     in signal- and background-like regions 

arXiv:2205.05711 [hep-ex]

https://arxiv.org/abs/2205.05711
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Vector Boson Scattering (VBS)
● opposite sign EWK WW scattering:

● many more VV scattering 
 measurements 
 made in recent years

● no sign if significant large 
 measured cross section 
 excess over SM expectation   

arXiv:2205.05711 [hep-ex]σ fid
obs

=10.2±2.0fb σ fid
th
=9.1±0.6 fb

https://arxiv.org/abs/2205.05711
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top quark mass
● decay mode: leptons + jets

● top mas observable: kinematic fit 
– improves signal purity
– improves mass resolution over 
   plain invariant mass from  
   constituents  

TOP-20-008

mt
Reco

=√ (∑ pi )
2

mt
fit

good fit
events only

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
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top quark mass
● top mas estimate: maximum likelihood fit

 
● data: five observables:

–  mt
fit,   mW

Reco,   
– mlb

Reco,   mlb
Reco/mt

fit,    

– Rbq
Reco

TOP-20-008

λ(mt , θ⃗ |data)=P(data |mt)P(θ⃗)

m t=171.77±0.38 GeV /c2

Most (to date) precise single 
top mas measurement

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
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Higgs boson width

Run-1,2: ΓH
obs=3.2−1.7

+2.4 MeV
ΓH

SM=4.1MeV

arXiv:2202.06923 [hep-ex]

σg g→H∗
→ZZ

σg g→H→ZZ∗
∼ΓH

https://arxiv.org/abs/2202.06923
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H production and decay
Nature 607 (2022) 60-68

all strength modifiers 
 are at 1 within at 
 most two standard 
 deviations 

μ=σ
exp

/σ
SM

μ=BR exp
/BRSM

Production modes Decay modes

https://www.nature.com/articles/s41586-022-04892-x
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Higgs decay to charm
- BR(H→ cc) = 0.029 ≫ BR(H→ 4l)
 
- huge background from QCD cc pairs

- use of VH production mode to get
  additional selection handles

- use of improved c-tagging 

σVZ(Z→c c̄ )=1.01−0.21
+0.22 σSM

σVH(H→c c̄)<14σSM@95 % CL

arXiv:2205.05550 [hep-ex]

https://arxiv.org/abs/2205.05550
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Higgs decays to 
light leptons

● H → μμ:
–  BR(H→ μμ) = 2.2⋅10-4 ≃ 2⋅BR(H→ 4l(e,μ))

 
● H→ ee: 

–  BR(H→ ee) =5⋅10-9

 

 

σ pp→H→μμ
obs

σSM
=1.19−0.39

+0.4 (stat )−0.14
+0.15 (sys)

JHEP 01 (2021) 148

arXiv:2208.00265 [hep-ex]

BR (H→ee)<3⋅10−4@95 % CL

https://link.springer.com/article/10.1007/JHEP01(2021)148
https://arxiv.org/abs/2208.00265
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Conclusions
● The CMS Collaboration has a plethora             
  results on Standards Model physics

● ever increasing integrated luminosity               
  allows for study of more and more rare            
  processes, like Vector Boson 
 Scattering

● so far all results support our 
 confidence in Standard Model   

https://xkcd.com/1670/

https://xkcd.com/1670/
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Vector Boson Scattering (VBS)
● opposite sign EWK WW scattering:

 

arXiv:2205.05711 [hep-ex]σ fid
obs

=10.2±2.0fb σ fid
th
=9.1±0.6 fb

https://arxiv.org/abs/2205.05711
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top mass results
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Higgs boson mass

Eur. Phys. J. C 81 (2021) 488

H→ZZ , γ γ ,Run-1+2016 : mH=125.38±0.14 GeV
H→ZZ only Runs-1,2: mH=125.09±0.15 GeV

Phys. Lett. B 805 (2020) 135425

Eur. Phys. J. C 81 (2021) 488
arXiv:2208.12279 [hep-ex]

http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
https://arxiv.org/abs/2208.12279
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