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CP violation in Higgs couplings
● Study expected CP constraints for Hγγ/ΗZγ in a          γγ/ΗZγ in a          Zγ in a          γ in a          

pp collider 

● See also presentation by A.Gritsan[1]

Table 1-26 from arxiv1310.8361

[1] https://indico.fnal.gov/event/49756/contributions/222371/attachments/146754/187594/talk_Snowmass-September2021.pdf

https://indico.fnal.gov/event/49756/contributions/222371/attachments/146754/187594/talk_Snowmass-September2021.pdf
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Higgs γγ/Ζγ couplings
Hγγ/ΗZγ in a          VV scattering amp. in mass-eigenstate basis:

ACs of interest : 

SM @ tree level
CP even
CP odd

>  estimate sensitivity projections for the total anomalous contribution in γγ and in Zγ γ 
>  estimate sensitivity for CP-odd fraction of these contributions 
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Higgs γγ/Ζγ couplings

Consider  SM beyond tree level:

>  estimate sensitivity projections for the total anomalous contribution in γγ and in Zγ γ 
>  estimate sensitivity for CP-odd fraction of these contributions 
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Higgs γγ/Ζγ couplings

Use pp→ H → 4l  based on the pheno study presented in arxiV:2109.13363

H→4l  angular information allows CP measurement
Can study γγ/Ζγ couplings through virtual bosons in 4l final state 

JHUGen simulation 
Utilize MELA discriminants

 > Perform likelihood scans for POIs using template fitting
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Hγγ couplings

● Projected sensitivity @3.0 ab-1

●           1σ constraint  0.022

● Conservative expectations 
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ΗZγ couplingsZγ couplingsγ couplings

●           1σ constraint  0.1317
●           tighter constraints than γγ 
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Summary
● Projections on pp machine @3ab-1

● focus on Hγγ/ΗZγ in a           γγ/Ζγ couplings  
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Additional material
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● JHγγ/ΗZγ in a          UGenerator
● JHγγ/ΗZγ in a          UGen MELA
● JHγγ/ΗZγ in a          UGen Lexicon

The JHUGen framework
https://spin.pha.jhu.edu/

See also talks by:
J.Davis at  EPS-HEP2021
H.Roskes at LHC EFT WG
H.Roskes at Pheno 2020
M.Xiao at ICHEP 2020
U.Sarica at Higgs 2020
A.Gritsan at LHC Higgs WG
M.Schulze at LHC Higgs WG

https://spin.pha.jhu.edu/
https://indico.desy.de/event/28202/contributions/106055/
https://indico.cern.ch/event/971724/#7-eft-in-jhugen
https://indico.cern.ch/event/858682/contributions/3837206/
file:///home/narx/Desktop/PhenoPaper/Snowmass/M.Xiao%20at%20ICHEP%202020
https://indico.cern.ch/event/900384/contributions/4063561/
https://indico.cern.ch/event/966917/#1-eft-measurements-with-jhugen
https://indico.cern.ch/event/400326/#2-higgs-off-shell-measurements
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1. Couplings 
(EFT) basis

2. Matrix 
elements

3. Monte Carlo 
simulation

4. Reweighting

5. Optimal 
Observables

7. Example 
analysis

Physics 
measurements

6. Statistical 
framework

Experiment

MELA

MELA

JHUGen

JHUGen
MCFM-JHUGenJHUGenLexicon

The JHUGen framework

Processes supported: 
Now supports tHW 

Framework allows:
– Detector level studies
– Optimal observables
– Robust 

simulation/reweighting 
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Setting constraints
Construct and calibrate dedicated  MELA discriminants: 

Use both decay or production  and decay+production information

Fix Zγ in a          Zγ in a          /WW/Λ1/Λ1Ζγ a.c. couplings, profile γγ/Ζγ

Apply |mll|>12 GeV , ptlept > 5GeV 

Categorize events in 6  categories  x 3 decay channels (4e, 4μ, 2e2μ)

As in previous JHUGen pheno papers: 

We expect decay information to 
dominate sensitivity based on cross-
section ratios for γγ/Ζγ

Apply |m
ll
|>12 GeV , pt

lept
 > 5GeV 
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