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Introduction
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• JCP studies encompass a significant breadth 
of measurements  

• Spin-parity hypothesis testing 

• anomalous CP couplings 

• Largely within the three main discovery channels 

• H→γγ (spin-2 tests)  
H→ZZ→4l & H→WW→2l2ν (spin-0,spin-1, 
spin-2 tests, anomalous couplings) 
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• Current JCP measurements exploit di-boson 
decays — channels which have significant signal sensitivity 

• Anomalous couplings are parameterized as: 

HVV Tensor Structure

3 **Will focus on the ZZ couplings in this talk 

CMS:

ATLAS:



Notation
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• More convenient notation defines parameters which are functions of cross sections 

• anomalous couplings are redefined to a unit interval:  
e.g. fa3 = 1, fa2 = 0 for pure pseudoscalar  
       fa3 = fa2 = 0 for SM Higgs (up to EW corrections)



H→ZZ @ CMS
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• Projections out to 300/fb & 3000/fb 

• fits are performed with templates in which events are 
described by 2D distributions of kinematic 
discriminants:  
 

• signals model with LO MC 

• scaling up all background predictions  

• all systematic uncertainties are assumed to be the 
same: still dominated by statistical uncertainties 

• can reach 95% C.L. upper limits of  
fa3 < 0.13 (0.04)

**Note, this measurement assumes that fa2 and φa2 
are fixed to zero



H→ZZ @ ATLAS
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• Exploring sensitivity to g2 & g4 couplings @ 300 & 3000/fb 

• background: assuming qq->ZZ background  
scaled up to account for irreducible background 

• signal: LO MC - reweighing to morph signal hypothesis 

• Fitting either  
   - templates based on ME-based kinematic discriminants  
   - fully correlated 8D likelihood  
     (including approx. detector effects) 

• Systematics uncertainties approximated to be: 3% luminosity, 
5% signal and background yields (lepton reco ε), and 9.4% (7.4%) for  
300/fb (3000/fb) for background yield 

expected yields (115<m4l<130)
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CP violating interactions
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• Likelihood scan in real and imaginary 
projection of g4/g1 

• KD fits show that phase of anomalous 
couplings can play an important role 
- note this can also be parameterized by 
extending templates’ dimensionality a la CMS 

• 8D - correlation less between the real 
and imaginary projections - 
simultaneously parameterizes kinematics in term 
of magnitude & phase of anomalous couplings

ATLAS-PHYS-PUB-2013-013 



Higher Dim. CP even interactions
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• Similar qualitative comparison between the two methods

ME sensitive  
fits

8D fits

ATLAS-PHYS-PUB-2013-013 



Comparisons
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• ATLAS analysis also produced likelihood scan as a function 
of fai & φi 

• fa3 = fg4 — comparable results between ATLAS and CMS  
(fa3 < 0.04 @ 95% C.L.)

NOTE: the parameterization used in CMS is equivalent to the  
ATLAS modulus sensitive variable



• Set of results showing potential sensitivity in many collider 
scenarios 
 
 
 
 
 
 
 
 
 

• One of the most complete set of recent studies on constraining  
CP-mixtures

Snowmass
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Other Production Mechanisms

11

• As sensitivity to other production mechanisms 
become significant, new opportunities arise 

!

!

!

• 0--like events have an  
enhancement at large √s - leading  
to increased sensitivity in associated  
production and VBF production  
channels

H→ZZ, H→WW associated prod. VBF

center-of-mass energy dependence  
for associated production  

of different scalars, no q2 dependence
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Weak Boson Fusion
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• Well known that Δφ and Δη reflect the tensor structure 
of the HVV couplings 

• Strong discrimination power in mV*  

• result of enhanced cross section at large 
values of mV* for a pseudoscalar - susceptible to 
presence of q2-dependent couplings 

• Angular distributions which are critical for 
distinguishing phases
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Associated Prod.
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• Qualitatively similar to VBF production

PHYSICAL REVIEW D 89, 092007 (2014)



• Projections out to 300/fb & 3000/fb show strong sensitivity to  
CP-violating HVV interactions 

• Associated production:  
assuming only Z→Z(ll)H(bb) 

• VBF production:  
assuming H(γγ) + Η(ΖΖ)  
 
 
 
→dominant sensitivity from  
associated and VBF production  
mechanisms!

Future Outlook for LHC
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Summary of projections for discovery 
potential @ LHC & e+e- collider

H→ZZ

V→VHVV→H

arXiv:1310.8361v2



Fermion Coupling
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Conclusions
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• Great prospects for constraining Higgs tensor structure in future 
LHC runs! 

• traditional channels are great avenues to continue carving out 
parameter space of anomalous couplings 

• Both CMS & ATLAS are building up campaigns to  
measure/constrain couplings of the HZZ vertex:  
 
 
 
 

• New prospects lie on the horizon: V*→VH & VBF→H

|g |g
300/fb 3/ab 300/fb 3/ab

ATLAS 1.20 (0.20) 0.60 (0.06) 1.02 (0.29) 0.60 (0.12)
CMS (0.14) (0.04) — —



Backup
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HZZ @ ATLAS
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M
E sensitive Fits


