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Intro
Probe HVV tensor Probe HVV tensor 
Structure Structure 

Measure CP violating couplings.  

Decay modes: 
H→ 4l      (arXiv:1901.00174)              
H → τ τ    (arXiv:1903.06973)

→→ Perform template fits on discriminants 

source wikimedia

(CMS-PAS-HIG-18-001)

https://arxiv.org/abs/1901.00174
https://arxiv.org/abs/1903.06973
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-001/
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HVV phenomenology 

α
1
 = 2 for SM , rest 0

α
1
 , α

2
  CP even

α
3
 CP violating 

Λ
1
 Leading momentum expansion

Assumptions: Assumptions: 

● αWW = αZZ 
●  Real couplings 

Amplitude parameterized as Amplitude parameterized as 
fractional cross-section:fractional cross-section:

VV = ZZ, WW, Zγ, γγ, gg
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Kinematics, MELA  and  D-iscriminants

● Matrix element based discriminats

● 2 main Discriminant types:

● Simulate:
– SM pure 
– BSM pure 
– Interference  

● Simulations with JHUgen
● Discriminants using MELA

VBF  H→ VVVBF  H→ VV
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Event selections and categorization
● H→ ττττ

– Same selections used for discovery
– Separate events in eμ , eτh , μτh , τhτh 

● H ττ→ ττ4l ττ
– Separate events in 2e2μ , 4e, 4μe, 4e, 4μμ
– Separate:

● Onshell:  105 < m4e, 4μL < 14e, 4μ0 GeV

● Offshell:   m4e, 4μL > 220 GeV 

Categories: 
H→ττ 
●  VBF category
●  Boosted category
●  0-jets category 

Η→ 4l
● VBFtagged  
● VHtagged 
● Untagged 
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H → τ τ 

 Production only 
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H→4l 

Production ττ+ ττdecay ττ
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Results: H → τ τ
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Results : On-shell H→ 4l   

Production dominates low f
ai
 

Decay dominates large f
ai
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Results: On-shell combination
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Results: H→4l off-shell 

anomalous couplings :
 → increase the number of off-shell events  
 

(arXiv:1507.06656)

https://arxiv.org/pdf/1507.06656.pdf
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Results: H→4l  off-shell 
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Results

HI-LHC HI-LHC 
● Int. L :  3000  fb-1 
● constrain anomalous couplings to 

the 10-4 level. 
● study H triple coupling.

  

 

HL-LHC expected:                        - 1.6., +1.6 10-4                        

(CMS-PAS-FTR-18-011)

  H→ 4lH→ 4l

https://cds.cern.ch/record/2647699
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Summary

● Presented measurements of anomalous Higgs 
couplings. 

● No significant deviations from the Standard Model 
expectations have been observed. 

● Future measurements with HI-LHC datasets will allow 
to measure anomalous couplings to great precision and 
reveal any CP violation in the Higgs sector. 
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Extra material
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H→ ZZ event categorization

● Event pre-selection: 
– 2e2μ 4e, 4μe 4e, 4μμ OS   2 with pt > 10 GeV  atleast and 1 with pt  > 4e, 4μ0 GeV 
– 2 Z candidates with   12 < mZ < 120 GeV
– ml+l- > 4e, 4μGeV

● Onshell: 105 < M4e, 4μL  < 14e, 4μ0 GeV
● Offshell  M4e, 4μL  > 220 GeV

● VBFtagged 
– 4e, 4μ leptons 
– 2 or 3 jets with max 1 btag  and 

● VHtagged
– 4e, 4μ leptons
– 2 or 3 jets with max 1 btag and 

● Untagged Events
– Rest of the events. 

Categories
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Discriminants H → 4l on-shell
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Discriminants H → 4l offshell
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Discriminants H → 4l 
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H→ ττ Discriminants
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CP in H→ bb   (8 TeV)
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fα
2

γγ   and fα
3

γγ   measurements
arXiv:1411.3441

https://arxiv.org/pdf/1411.3441.pdf


Savvas Kyriacou Higgs Couplings 2019 23

fα
3

Ζγ   measurements
arXiv:1411.3441

https://arxiv.org/pdf/1411.3441.pdf
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