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Introduction

n spin/parity determination in Run 1

n exclusion of alternative spin/parity hypotheses in favour of the SM 0+ 
hypothesis

n alternative models: 0-‐, 1+, 1- and 2+  

n using all 3 bosonic decay channels: γγ, WW and ZZ

n CMS has published pre-final Run 1 results, ATLAS publications will 
follow soon

n spin/parity measurements in Run 2

n study of the HVV (V=Z,W) tensor coupling using ZZ, WW decays

n first results already with run 1 data

n spin/parity in fermionic channels: H→ττ

n ... and more
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Direct Measurements of Spin

n measure differential x-sections to test directly the compatibility of data with the 
spin-0 hypothesis

n as a function of the production angle |cosθ*| 

n spin-sensitive: isotropic for spin-0, polynomial for other spin values

JHEP09(2014)112, Phys.Lett. B 738(2014) 234-253
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Fixed Hypothesis Tests

n 2013 analysis results:

n all spin-2 benchmarks excluded at > 99.9% CL in favour of the SM 
hypothesis

n spin 0- excluded at 97.8% CL in favour of the SM hypothesis

Phys. Lett. B 726 (2013)
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Tensor structure

n Run 1 data provide evidence for the spin-0 nature of the found Higgs particle 
with a strong preference for positive parity

n independent of the assumptions on the coupling strengths to the SM 
particles (→ analysis based only on angular information)

n in case of spin-2 independent of the relative fractions of gg/qq production 
of the spin-2 particle

n the Higgs couplings are completely determined in the SM

n need to measure them

n the BMS theories predict possible anomalous contributions and/or CP-violation 
in the Higgs sector

n e.g. 2HDM predicts a scalar (H) and a pseudo-scalar (A) spin-0 particle

n the observed Higgs h (mass eigenstate) could be a mixture of the CP 
eigenstates (H+A)

n a model independent approach: measure the couplings structure and 
compare to the SM prediction -> two frameworks
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Effective field theory Approach

n effective Lagrangian to describe the interaction of a spin-0 particle with vector 
bosons

n and fermions

n κi - dimensioneless coupling parameters (real) and α is the mixing angle

n SM case: cosα = 1 and κSM = 1, CP-odd case: cosα = 0 and κAVV≠0

n Mixed state 0 < cosα < 1 and κi≠0
Higgs Characterisation: JHEP 1311 (2013) 043

SM

CP-even CP-odd

CP-even CP-odd
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Anomalous couplings Approach

n generic scattering amplitude to describe the interaction of a spin-0 particle and 
two spin-1 gauge bosons:

n g1, g2 and g3 couplings describe the tree-level and loop-induced 
interaction of a CP-even particle

n g4 coupling describes the interaction of the CP-odd particle

n couplings could be complex

n SM defined as g1=1, g2=g3=g4=0; pure CP-odd state: g1=g2=g3=0, g4=1

n CP violation if simultaneous presence of g1 or g2 or g3 and g4

n and for fermions:

n one-to-one matching of parameters is available for EFT and anomalous 
couplings approaches

CP-even

CP-odd

CP-even CP-odd

Phys.Rev. D86 (2012) 095031
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Measurements in the VV channel

n ATLAS measures the ratio of couplings  g4/g1 and g2/g1

n g3 is small and can be neglected in the following discussion

n the following measurements are possible: 

n Re(gi)/g1

n Im(gi)/g1

n 2D scans e.g. Re(g4)/g1 vs Re(g2)/g1

n ratio of couplings -> use only the angular information

n combination of angular and rate information planned for Run 2

for real couplings

-> heavy BSM particles
-> light BSM particles in loops

R
e(

g4
)/

g1

Re(g2)/g1

matching 
to EFT:
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Analysis in the ZZ channel
n 2 analyses in the ZZ channel:

n fit combined observable 
sensitive to different couplings:

n include the 2nd dimension using 
a BDT to suppress background 
(BDT is non-sensitive to CP 
properties)

n for each set of couplings prepare 
a 2D fit

n likelihood is defined using the 
full analytical expression of the 
ME at LO

n depends on experimental 
observables and coupling 
constants

n detector acceptance and 
resolution described by 
parametrisations based on MC 
simulations

n for each set of couplings a fit is 
performed

ME observable fit 8D Likelihood fit

ATL-PHYS_PUB-2013-013

9



Results in the VV channel

n prospects for g4/g1 and g2/g1 ATLAS measurements:

n correspond to the CMS measurement - limits in terms of fai, φai

n in the gi-parametrisation:

n an analysis on Run 1 data will be published soon:

n ZZ channel following the anomalous coupling approach

n WW channel following the EFT approach

n and their combination
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Further Parity studies

n tree-level CP-odd coupling:

n H->ττ channel in decay

n ttH channel in production

n loop-induced CP-odd coupling:

n gg->H+2j in production (e.g. in WW,ZZ channels)

n VBF/VH channel in production

n VBF H->ττ and H->γγ already with Run 1 data? 

Run 2?

Run 2?

run 2 - looking forward to many 
exciting property measurements
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