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Introduction
• Newly discovered resonance at 125.09±0.21(stat.)±0.11(syst.) GeV :  

Determining the spin & CP → establish the nature of the boson : Is it the (a) Standard Model Higgs or not?	



• Using ATLAS Run-I √s=8TeV data to test the SM (                 ) hypothesis vs alternative spin/CP 
models : 	



• Spin Analysis 

- Spin      graviton-like model  
 

• CP Analysis: 

- Spin         BSM	



- Spin         BSM	



- CP-Mixing :  
Implying CP violation in the Higgs sector → Observed resonance is a mass, but not a CP 
eigenstate.
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Event Selection
• Share object definition, background estimates and some systematic 

uncertainties with the H→WW* couplings analysis	



• Analysis restricted to the evµv final state	



- 0 and 1 jet-bin for spin analysis	



- 0 jet-bin only for CP analysis
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Spin Analysis
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Theoretical Framework
• Effective Field Theory with a cut-off scale at Λ=1TeV  

(Higgs Characterization Model within MadGraph5_aMC@NLO)
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‣ Gravity is insensitive to the nature of other particle fields:	



➡ all κ-couplings should be equal (universal)	



✴ but observed BRs to gg, WW, ZZ not reproduced	



• still worth investigating	



‣ need to consider benchmarks with non-universal couplings	



➡ cannot constrain            separately with data→try various casesg, q

‣ NLO effects lead to a tail in       
when jets are in the final state	



‣ Apply a selection on       to preserve 
unitarity	



pHT

pHT

g = 0.5

q = 1g = 0

q = 1
pHT < 125 (300) GeV}

g = q

• Spin-2 Benchmarks (fixed-hypothesis test)	



• universal couplings (U.C.)                 (ggF 96% at LO)	



• non-universal couplings:
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Analysis Strategy

• Exploiting shape and correlation variations with BDT analysis.  

• Build two BDTs :                                       	



- BDT0: Trained with the SM signal vs SM backgrounds	



- BDT2: Trained with the spin-2 signal vs SM backgrounds	



• Combine the BDT responses in a 2D space
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BDT Response: Univ. Couplings
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Statistical Interpretation

8

• For the fit of the fixed hypothesis tests: 

- Binned likelihood with P.O.I. ε, the fraction of SM events with respect to the expected. 	



- Template histograms for nominal signal and background rates construct the likelihood, while systematic uncertainties are 
treated as nuisance parameters 
 

- The compatibility with the data is estimated with the statistic test  
 
 
 
  
and pseudo-experiments are used to calculate the p0-values and the CLs

• The 2D space created out of the two BDTs is then unrolled row-by-row in a 1D distribution	



• This unrolled 1D distribution is used for the fit.
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Spin Results
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CP Analysis
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Theoretical Framework

1. Fixed Hypothesis Tests:  

• SM vs pure CP-Odd     &    SM vs pure CP-Even	



!

2. BSM CP-Even Scan : Scan on               where   	



!

3. BSM CP-Odd Scan : Scan on                            where   

BSM CP-Even:

BSM CP-Odd:

SM: SM = 1, HWW = AWW = 0, c↵ = 1

SM = 0, HWW = 1, AWW = 0, c↵ = 1

SM = 0, HWW = 0, AWW = 1, c↵ = 0

} CP Mixed States
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Analysis Strategy

• We build 2 BDT’s:	



• BDT0: Same as for spin	



• BDTCP: Trained with the SM signal vs the ALTernative signal  
No backgrounds in the training	



• Inputs for the BDTCP :	



• CP-Even  (                                           )	



• CP-Odd   (                                               )
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m``, ��``, E``⌫⌫ , �pT

m``, ��``, p``T , pmiss
T

• Training is performed only on the pure CP cases - no retraining on the mixed signal hypotheses

�pT = |p`1T � p`2T |

E``⌫⌫ = p`1T � 0.5p`2T + 0.5pmiss
T

• The statistical treatment for the fixed hypothesis test is the same as for spin where now the POI ε corresponds to CP	



• For the CP Mixing scans:	



- the likelihood definition is the same	



- the asymptotic approximation is used and the results are given as -2ΔLL vs the scan parameter
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Input Shapes & BDT Responses
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CP: Fixed Results
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CP-Mixing Scan Results
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Summary
• The SM Hypothesis for the Higgs boson have been tested against the alternative spin-2 hypothesis, and 

different CP states.	



• For the spin-2 benchmarks the alternative model is : 

- disfavoured at 84.5% CLs for the universal couplings 	



- excluded up to 99.4% CL for the non-universal couplings case.  
 

• For the CP study 

- For fixed hypotheses:  
CP-Even alternative hypothesis is disfavoured at 70.8%  &&  the CP-Odd is excluded at 96.5% CLs.	



- For the CP-mixing case:  
CP-Even : compatible with SM within 1.9σ 
 
CP-Odd : compatible with SM within 0.5σ
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Backup
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kHWW Interference

• In negative κ values a negative interferance appears which cancels out the amplitudes of SM/BSM -> 
Huge discrimination as shape but normalization (x-sect) falls dramatically.
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Spin.Input Shapes.0j

19



Nikos Karastathis Spin/CP of H→WW with ATLAS

1-jet Input Shapes
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Variations on the shapes	


for the alternative case	



more apparent!
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CP even input shapes
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CP odd input shapes
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Non U.C - BDT Output
g = 0.5 q = 1, , pHT > 125 GeV q = 1g = 0 , , pHT > 125 GeV

0-jet

1-jet
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Test Statistics
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Post-fit event yields - U.C.
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Systematic Uncertainties
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0jet Inputs
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0jet Ellvv & 1jet Inputs
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CR Definition
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WW CR
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Top CR
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Zττ CR
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Samples
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