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Intro

● Precision coupling measurements: 
– Characterize properties of the 125GeV boson
– Probe new physics  
– Probe CP violation in Higgs sector

● Focus on HVV/Hff couplings in H→4l 
Dedicated analysis with full RunII data onshell 
 HIG-19-009

+ first off-shell  AC measurement  HIG-18-002

● Related papers results from CMS : 
– H → ZZ measurements in CMS  HIG-19-001

– CP in H→ ττ  HIG-20-006

– CP in ttH with H→ γγ  HIG-19-013

– STXS-based   measurement HIG-19-005

H0

JHU generator frameworks  review

https://indico.cern.ch/event/868940/contributions/3813519/
https://indico.cern.ch/event/868940/contributions/3813518/
https://indico.cern.ch/event/868940/contributions/3813520/
https://indico.cern.ch/event/868940/contributions/3813526/
https://indico.cern.ch/event/868940/contributions/3813559/
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Phenomenology and EFT
Parametrize H couplings in the mass eingestate basis:

Amplitude Related to a fundamental Lagrangian density 
→ couplings related to the Lagrangian coefficients

 

Notation:  

a
i

VV = g
i

VV    

g
Λ1

ΖZ,WW Z,WW =               ,

g
Λ1

ΖZ,WW γ         = 

a
3

VV = g
4

VV 
for i = 1,2

a1 SM
a2 CP even AC
a3 CP odd  AC 
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● . 

Symmetries and more...

● Onshell Ζγ and γγ couplings well 
constrained 

● Custodial symmetry 

● Consider gWW = gZZ

5 independent HVV couplings  Or...

Consider SU(2)xU(1) → enforces relations between couplings: 

4 independent HVV couplings  
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Phenomenology and experiment
● AC parametrization presented is the most general Lorentz invariant 

form for dim 4 and 6 operators 
● Existing and new tools allow rotations from mass eigenstate basis to 

others

 

Necessary to perform an optimal and correct analysis 

Use ME (MELA) or BDT discriminants that exploit all 
kinematic information to boost sensitivity

Use full detector simulation of anomalous couplings 
considered  (JHUgen)

Techniques such as re-weighting solve the problem of 
simulating all the necessary AC contributions
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Measuring the AC contributions

Fractional AC contr. in 
signal strength:

Interpretation in terms of Lagr. 
Coefficients:  

Signal strength: 

Effective  fractional xsec: 

Total width absorbed in signal strength

Most systematics cancel in the ratio

Bounded [-1,1]

Scan  f
a2

, f
a3

, f
Λ1 

...

Anomalous contributions modify the total width!

Interpret in couplings language

2 types of results:
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Event Selections and Observables

● Consider 2e2μ,4μ and 4e Higgs decays
● Create categories rich in VBF / VH events 
● Use MELA discr. to separate production mechanism and 

distinguish  signal  vs background
● Categorization discriminants dedicated to AC hypothesis 

to ensure optimal selection of events

●  Specific categorization schemes for HVV and Hgg/Hff 
couplings 

Observables and fits

Onshell H→4l analysis 

● Create ME observables (MELA)
● Exploit production and decay information
● Exploit interference information
● Perform template likelihood fits 
● Measure  and interpreted to Lagrangian coefficients. 

HIG-19-009
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HVV couplings H→4l 
3 types of scans:

● Single parameter scans with other ACs 
fixed 

● Simultaneous scans of multiple ACs 
(floating/profiling)

● 2D scans (floating)

● Multiple minima, some away from 0 
● Everything consistent with SM

HIG-19-009
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HVV couplings in H→4l 
HIG-19-009
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HVV couplings SU(2)xU(1)

● Implement SU(2)XU(1)  EFT relations
– Re-weight templates based on EFT
– Independent  anomalous couplings reduce to 3
– Perform multi-parameter scans

– Stringent limits on fa3, fa2,fΛ1 

– consistent with SM

HIG-19-009

Detailed numerical report of 
results in extra material section
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HVV couplings SU(2)xU(1)
Implemented AC width 
modification 

Interpret results to Lagr. coefficients 
with EFT relations   

Perform 1D and 2D scans with other 
couplings profiled(floated)

HIG-19-009
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HVV couplings SU(2)xU(1)
HIG-19-009
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Hgg couplings with H→4l

Use production vertex to measure 
Hff/Hgg couplings 

Measure cp sensitive fggH

a3 
 

Interpret in terms of couplings

Hgg analysis show preference for 
maximal CP odd/even mixing 

HIG-19-009
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Htt couplings

H→ γγ  utilize BDT for D
0-

Simultaneous fit of  mγγ in 12 
categories

Interpret as top couplings

HIG-19-013HIG-19-009

Study CP structure with fHtt
CP 

 in: 

  H→ 4l 
 H→γγ
and combine
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Hff couplings in H→4l 

Constrain Htt from ggH and ttH:
 
● In H→4l only :

     assume κ
b 
= κ

t
 and for CP odd contributions also 

● Combine H→4l result and  H→γγ
similar assumptions as in ttH combination

 

HIG-19-009

Detailed numerical report of 
results in extra material section
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Offshell analysis with H→4l
● AC can increase considerably the 

offshell signal yields
● Scan f

a2
 ,f

a3
 ,f

Λ1

● Individual AC scans
● Simpler categorization than onshell 

analysis 

● Background interferes with signal 
→ more challenging analysis

● Combination of Run I and 
2016+2017 data

● Combination of offshell and 
onshell analyses

HIG-18-002
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Conclusions
● Probing the Higgs anomalous 

couplings is of paramount 
importance for the LHC 
experiments

● CMS investigates anomalous 
Higgs coupling 
measurements in multiple 
final states

● Technically challenging analyses:
Full simulation of all phenomena studied
Exploit all available experimental information 
from decay and production
Statistical tools allow simultaneous multi AC 
parameter scans 

● Effective field theory 
● Interpretation in terms of Lagrangian couplings
● Combined results across different final states
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Extra material
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ttH event display 
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Summary of HVV/Hff results
HIG-19-009
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Hgg/Hff results
HIG-19-013HIG-19-009
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H→4l off-shell  
anomalous couplings :
 → increase the number of off-shell events  
 

HIG-18-002
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