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Decay of a spin-0 resonance

3

Interaction between a spin-0 Higgs boson and two gauge bosons, V1 and V2

Measurements

Hypothesis tests Tensor structure

Pure 0- (a3) or 0h+ (a2) states 11 anomalous couplings 

Equivalent to EFT Lagrangian, next slide.

CP even CP odd
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Correspond to the ratios of tensor couplings a3/a1 and a2/a1. 
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Pros and cons of different channels

6

High background, low number of sensitive variables, no sensitivity 
to spin-0 models  

Sufficient statisticsH
 ➝

 ɣ
ɣ

Lower statistics 

Most sensitive (angular variables + masses fully reconstructable), 
most significant signalH

 ➝
 Z

Z

Neutrinos in the final state —> limited resolution 

Large signal yield, angular information from leptons and MET 

H
 ➝

 W
W
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H ➝ ɣɣ analysis
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Landau-Yang theorem strongly disfavors 
spin-1 particle decay to γγ  

Sensitive to a possible spin-2 state 

Log-likelihood ratio test statistic 

cosθ* used to discriminate between the 
spin hypotheses 

*)|θ|cos(
0 0.2 0.4 0.6 0.8 1

*)
|

θ
(1

/N
) d

N
/d

|c
os

(

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

 SM+=0PJ
gκ=qκ 

+=2PJ
=0qκ 

+=2PJ
gκ=2qκ 

+=2PJ

ATLAS Simulation

 = 8 TeVs
<125 GeVγγ

T
p

arXiv:1506.05669



Higgs Couplings 2015 Durham, 12. - 15. October 2015.

H ➝ ZZ analysis
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Kinematics can be fully described by 8 variables: 
     3 masses: mZ1 , mZ2 , m4l  
     5 angles: θ*, Φ1, θ1, θ2, Φ  
Main backgrounds: 
     ZZ* (estimated from MC) 
     Z+ X estimated from data in CR 
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Hypothesis test Tensor structure
0+ vs JP MELA or BDT 
Signal vs. bkg. BDT 

0+ vs JP MELA 
Signal vs. bkg. MELA

ME based discriminants 
Signal vs. bkg. BDT 

MELA 
Signal vs. bkg. MELA

Templates of discriminants Templates of discriminants or 
8D/9D fit method as a crosscheck

H ➝ ZZ analysis (continued)

9
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H ➝ WW analysis

10

Only partial reconstruction is possible: 

     Two isolated, high-pT, charged leptons  
     ETmiss due to the presence of neutrinos in the final state  
Important backgrounds: WW, W+jets, Z+jets, ttbar, single t and dibosons G

en
er

al

Two BDT classifiers to discriminate 0+ 
vs. bkg and JP vs. bkg both in the spin-
parity tests and the tensor structure 
analyses 

BDT input variables: mll, ∆φll, pTll, mT

Two observables 
used in the final 
analysis: mll and 
mT.
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Talk by Candice.
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Interaction between the spin-1 resonance and two gauge bosons, V1 and V2

Measurements

Hypothesis tests 0+ vs. mixture of 1± 

(fb2 = 0 pure vector, fb2 = 1 pure pseudo-vector)  



Higgs Couplings 2015 Durham, 12. - 15. October 2015.

Decay of a spin-2  resonance

22

Interaction between the spin-2 resonance and two gauge bosons, V1 and V2
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Measurements
Hypothesis tests 0+ vs. pure spin-2 models

Interaction between the spin-2 resonance and two gauge bosons, V1 and V2
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CMS  (7 TeV)-1 (8 TeV) + 5.1 fb-119.7 fb

A comprehensive study of the the Higgs boson spin-parity and tensor structure 

Exotic spin-parity hypotheses excluded at 99% or higher confidence level  

Constraints on 11 anomalous couplings under spin-0 assumption 

All observations consistent with the SM expectation 

The future of these measurements is to improve anomalous coupling precision 
in spin-0.


