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Previous EFT measurements

• Rate-only (event yield counting) 139 analysis.

• Dedicated STXS measurements.

• The results were interpreted in the SMEFT framework.

fb−1

• Rate-only (event yield counting) 36.1 analysis.

• Signal modeling: BSM contributions from VBF, VH and ggF 
processes were obtained by morphing.

• The results were interpreted in the Higgs Characterization 
framework.

fb−1

2



Motivation for the EFT analysis
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The original motivation for the EFT analysis was to increase the measurements 
sensitivity compared to the STXS analysis by using the following features:

• Shape+rate measurements instead of rate only.

• Dedicated BSM-sensitive kinematic observables.

• Optimized categorization.

• Natural accounting of the acceptance.



EFT framework
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The BSM effects are parameterized by the dimension-6 SMEFT model

• The MadGraph5 generator is used to 
simulate the tree-level processes.

• Focusing on the CP-even CHW and 
CHB EFT Higgs couplings.



qqZZ ggZZ bbH
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Background processes
• The following background processes are now considered: qqZZ, ggZZ, bbH, WH, ZH, tHjb, ttH, tWH and 

ttV.


• For now, the backgrounds are represented by the MC samples.


• The contribution from the backgrounds are calculated for each category and added to the Asimov data.




ggF reco samples VBF/VH reco samples
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•  The signal events are represented by the ggF and VBF Leading-order 
reco MC samples (20-130k events each, ggF SM is the highest).


• The NLO corrections are taken into account by the k-factors.

Signal MC samples



Event selection
The standard HZZ selection is used to select the signal events at the minitrees stage.
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•  Different kinematic observables have different 
sensitivity to the BSM effects.


• The idea is to determine the most sensitive 
observables which will provide us the best 
limits.

Kinematic observables
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• The idea is to keep sensitive categories 
and merge the others.


• BSM samples suffer from low stats due 
to low acceptance at far BSM regions 
(less than 20k at some extreme cases).


• Optimization is currently on-going: 
pt4l_fsr-based categorizations are under 
investigation
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Previous 
categorization 

(phi_fsr - based) 

Categorization



pt4_fsr distributions for several channels (I)
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pt4_fsr distributions for several channels (II)
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SN_test_pt4l_v3
prod_type pt4l_fsr

0jet_pt4l_fsr_low_v1
0

<=8 GeV  
0jet_pt4l_fsr_medium_v1 8 GeV<pt4l_fsr<=24 GeV 
0jet_pt4l_fsr_high_v1 >24 GeV
1jet_pt4l_fsr_low_v1

1

<=42 GeV  

1jet_pt4l_fsr_medium_v1 42 GeV<pt4l_fsr<=178 GeV 

1jet_pt4l_fsr_high_v1 > 178 GeV
2jet_VBF_pt4l_low_v1

3
<=70 GeV 

2jet_VBF_pt4l_medium_v1 70 GeV<pt4l_fsr<=200 GeV 
2jet_VBF_pt4l_fsr_high_v1 > 200 GeV

2jet_others 2 or >=3

Brief description of categorization choice algorithm
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• Each category (per prod_type) 
is divided into 2 subcategories 

• Local minimums are found


• 2 local minimums' values are 
used in categories, which are 
divided into 3 subcategories 

pt4l_fsr

pt4l_fsr

th1

th21 th22



pt4l_fsr-based categorization vs phi_fsr-based categorization 
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cth1_fsr phi_fsr m4l_fsr

S_CL95pt4l  / S_CL95phi 0.95 0.87 0.87
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SM Asimov
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 InternalATLAS
 4l→ ZZ* →H 

-1 = 13 TeV, 139 fbs

SM Asimov
ggF+VBF 0j+1j+2j
cth1_fsr 3-bin
[-1.0, 1.0]
Stat. error only

 S = 0.07%δ

phi_fsr - based categorization (previous)
prod_type phi_fsr

0jet_phi_low

0

-π<phi_fsr<=-π/3 

0jet_phi_medium -π/3<phi_fsr<=π/3

0jet_phi_high π/3<phi_fsr<=π 

1jet 1

2jet_VBF 3

2jet_others 2 or >=3

pt4l_fsr - based categorization
prod_type pt4l_fsr

0jet_pt4l_fsr_low_v1
0

<=8 GeV  
0jet_pt4l_fsr_medium_v1 8 GeV<pt4l_fsr<=24 GeV 
0jet_pt4l_fsr_high_v1 >24 GeV
1jet_pt4l_fsr_low_v1

1

<=42 GeV  

1jet_pt4l_fsr_medium_v1 42 GeV<pt4l_fsr<=178 GeV 

1jet_pt4l_fsr_high_v1 > 178 GeV
2jet_VBF_pt4l_low_v1

3
<=70 GeV 

2jet_VBF_pt4l_medium_v1 70 GeV<pt4l_fsr<=200 GeV 
2jet_VBF_pt4l_fsr_high_v1 > 200 GeV

2jet_others 2 or >=3

pt4l-based, 95% CL

phi-based, 95% CL

pt4l-based, 95% CL

phi-based, 95% CL

pt4l-based, 95% CL

phi-based, 95% CL



stxs-like_v1

prod_type n_jets_fidDres_4lsel pt4l_fsr

0jet_stxs_pt4l_fsr_low

0

<=10 GeV  

0jet_stxs_pt4l_fsr_medium 10 GeV<pt4l_fsr<=100 GeV

0jet_stxs_pt4l_fsr_high  > 100 GeV  

1jet_stxs_pt4l_fsr_low

1

<=60 GeV 

1jet_stxs_pt4l_fsr_medium 60 GeV<pt4l_fsr<=120 GeV 

1jet_stxs_pt4l_fsr_high_v1 > 120 GeV

2jet_stxs
>= 2

dijet_m_fidDres_4lsel<120 GeV 
 or pt4l_fsr<200 GeV

2jet_stxs_bsm_like dijet_m_fidDres_4lsel>120 GeV  
or pt4l_fsr>=200 GeV 

2jet_stxs_others >=4

stxs-like v3

prod_type n_jets_fidDres_4lsel pt4l_fsr

0jet_stxs_pt4l_fsr_low
0

<=10 GeV  

0jet_stxs_pt4l_fsr_medium 10 GeV<pt4l_fsr<=100 GeV

0jet_stxs_pt4l_fsr_high

1

 > 100 GeV  

1jet_stxs_pt4l_fsr_low <=60 GeV 

1jet_stxs_pt4l_fsr_medium 60 GeV<pt4l_fsr<=120 GeV 

1jet_stxs_pt4l_fsr_high_v3 120 GeV<pt4l_fsr<=200 GeV 

1jet_stxs_pt4l_fsr_bsm_like >200 GeV

2jet_stxs
>= 2

dijet_m_fidDres_4lsel<120 GeV 
 or pt4l_fsr<200 GeV

2jet_stxs_bsm_like dijet_m_fidDres_4lsel>120 GeV  
or pt4l_fsr>=200 GeV 

VHlep 4
ttHlep 5
ttHhad 6

STXS*-like categorization

14*https://doi.org/10.1140/epjc/s10052-020-8227-9  



STXS-like categorization vs pt4l_fsr-based categorization
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Problems with STXS-like categorization
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stxs-like v2, 95% CL

pt4l-based, 95% CL

stxs-like v1, 95% CL
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pt4l-based, 95% CL
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stxs-like v2, 95% CL
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Preliminary results 

• The overview of the EFT analysis is presented.


• The  2D LLH scans over CP-even CHW and CHB couplings are produced.


• The algorithm for categorization optimization has been created.


• The best values for the thresholds of pt4l-based categories were found


• Chosen p4l_fsr-based categorization shows itself to be more sensitive 
than  phi_fsr-based categorization.

17



Plans:

• Investigate cth1_fsr-based categorizations


• Check the 1D LLH scans over CP-even CHW and CHB couplings for optimized 
pt4l_fsr-based categories


• To take systematics into account to make comparison with STXS results.
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