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INTRODUCTION 2

STANDARD MODEL EFFECTIVE FIELD THEORY
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INTRODUCTION

THE SFITTER FRAMEWORK

Strong and comprehensive treatment of uncertainties


Fully correlated systematic uncertainties between measurements


Luminosity correlated between measurements and experiments


Operators included up to quadratic terms in the observables


NEW: Both profiling and marginalization to construct likelihoods


Make use of MCMC methods to map these likelihoods 
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INTRODUCTION

PREVIOUS ANALYSES

arXiv:2208.08454 [hep-ph]

arXiv:1910.03606 [hep-ph]
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https://arxiv.org/abs/2208.08454
https://arxiv.org/abs/1910.03606


OUTLINE OF THIS TALK

1. Profiling and marginalization in the Top fit


2. Likelihoods published by ATLAS


Nuisance Parameters and uncertainties


Correlations between nuisance parameters


3. Combination of the Higgs and Top fit (Preliminary)
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PROFILING AND MARGINALIZATION IN THE TOP SECTOR
PART 1



PROFILING AND MARGINALIZATION IN THE TOP FIT

THE TOP AND THE WARSAW BASIS

Impose   flavor symmetry


Same dataset as before i.e.                                           
- 92  datapoints                                                             
- 2  datapoints                                                             
- 2  datapoints                                                           
- 20 SingleTop datapoints

U(2)q × U(2)u × U(2)d

tt̄
tt̄Z
tt̄W
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PROFILING AND MARGINALIZATION IN THE TOP FIT

PROFILING VS MARGINALISATION

Construct same exclusive likelihood for both treatments


                                                                 


To profile                                                     or to marginalize


‣ Difference in treatment of uncertainties



PROFILING AND MARGINALIZATION IN THE TOP FIT

PROFILING VS MARGINALIZATION (SUMMARY)

- Multiple coefficients show better constraints
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PROFILING AND MARGINALIZATION IN THE TOP FIT

PROFILING VS MARGINALIZATION (LIKELIHOODS)
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- Marginalized results show well defined maxima opposed to profiled ones


- Can be understood as a result of large theory uncertainties
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PROFILING AND MARGINALIZATION IN THE TOP FIT

PROFILING VS MARGINALIZATION (CORRELATIONS)
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PUBLISHED LIKELIHOODS
PART 2



PUBLISHED LIKELIHOODS

PUBLISHED LIKELIHOODS
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From https://twiki.cern.ch/twiki/bin/view/AtlasPublic

https://twiki.cern.ch/twiki/bin/view/AtlasPublic


PUBLISHED LIKELIHOODS

PUBLISHED LIKELIHOODS BY ATLAS TOP WORKING GROUP

arXiv:2006.13076 [hep-ex]

arXiv:2103.12603 [hep-ex]

- Complete likelihoods publicly available on HEPData
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https://arxiv.org/abs/2006.13076
https://arxiv.org/abs/2103.12603


PUBLISHED LIKELIHOODS

WHAT DID WE HAVE BEFORE?

Different uncertainties extracted directly from paper


Put into different categories  defined in SFitter 


Same for both profiling and marginalization 

θtheo, θsyst

15

arXiv:2103.12603 [hep-ex]
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https://arxiv.org/abs/2103.12603


PUBLISHED LIKELIHOODS

WHAT DO WE HAVE NOW?

Published likelihoods in the HistFactory format [CERN-OPEN-2012-016]


Gives information on large number of nuisance parameters in simple JSON file


Multiple python packages for their analysis exist                                                                                              
(  for statistical analyses,  for visualisation)Pyhf1 Cabinetry2
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 [https://doi.org/10.5281/zenodo.7807148], [https://doi.org/10.5281/zenodo.7791483]1 2

https://cds.cern.ch/record/1456844
https://doi.org/10.5281/zenodo.7807148
https://doi.org/10.5281/zenodo.7791483


PUBLISHED LIKELIHOODS

WHAT DO WE HAVE NOW?
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Taken from arXiv:2006.13076 [hep-ex]
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https://arxiv.org/abs/2006.13076


PUBLISHED LIKELIHOODS

WHAT DO WE HAVE NOW?

- Possible to analyze individual nuisance parameters


- Justifies gaussian approximations, possibly consider asymmetries
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PUBLISHED LIKELIHOODS

WHAT DO WE HAVE NOW?

Hundreds of Nuisance Parameters


Individual impact and uncertainties can be   
easily determined via profiled fit


Implementing individual NPs is unreasonable


Reduce to uncertainty groups used in SFitter

Nikita Schmal IRN Terascale @ LPSC Grenoble 2023 25.04.2023
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PUBLISHED LIKELIHOODS

IMPLEMENTING LIKELIHOODS 

Determine uncertainties of NP groups from 
profiled fit


Restrict dataset to only  measurements 


Check validity via low dimensional fit


‣ Excellent agreement between both

σtt̄
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PUBLISHED LIKELIHOODS

CONSIDERING CORRELATIONS
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PUBLISHED LIKELIHOODS

CONSIDERING CORRELATIONS

Categories currently implemented are hardly 
correlated


‣ Previous datasets implemented in such a way 
that correlations within a measurement are 
negligible 
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COMBINATION OF HIGGS AND TOP  
(PRELIMINARY)

PART 3



COMBINATION OF THE HIGGS AND TOP FIT (PRELIMINARY)

COMBINING HIGGS AND TOP 

Higgs:


‣  flavor symmetry for Higgs


‣ Based on the HISZ basis 


Top:


‣  flavor symmetry


‣ Warsaw basis

U(3)5

U(2)q × U(2)u × U(2)d
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COMBINATION OF THE HIGGS AND TOP FIT (PRELIMINARY)

COMBINING HIGGS AND TOP

The ‘Higgs’ dataset 


‣ 311 Higgs datapoints


‣ 43 Di-Boson datapoints


‣ 14 EWPOs (excluded for now)


‣ 4 high kinematic measurements                             
(VH/ZH/VV resonance searches, Higgs  analysis)pT

Nikita Schmal IRN Terascale @ LPSC Grenoble 2023 25.04.2023
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 The Top dataset


‣ 92  datapoints 


‣ 2  datapoints


‣ 2  datapoints      


‣ 20 SingleTop datapoints

tt̄

tt̄Z

tt̄W

—> Omit 3 Wilson coefficients from the fit: CϕD, Cll and Cϕe



COMBINATION OF THE HIGGS AND TOP FIT (PRELIMINARY)

COMBINING HIGGS AND TOP (TOP SECTOR)

- Only minor differences in constraining power for most WCs


- Slight shift in the peak of CtG
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COMBINATION OF THE HIGGS AND TOP FIT (PRELIMINARY)

COMBINING HIGGS AND TOP (HIGGS SECTOR)
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- Once again very similar results for both fits


- Larger difference for fGG

fGG C¡B · 10 C¡W · 10 C¡WB · 10 CW · 20 C¡box C(1)
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COMBINATION OF THE HIGGS AND TOP FIT (PRELIMINARY)

INTERPLAY OF HIGGS AND TOP
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CONCLUSION

CONCLUSION AND OUTLOOK

Marginalization gives second different way of interpreting data 		 	 	 	 	 	 	 	 	 	        
 for Top one sees differences as a result of large theoretical uncertainties


Published likelihoods gives more flexible treatment of uncertainties 	 	 	 	 	 	                
 Publication of more likelihoods make more interesting analyses possible                                  


First results for the combined Top and Higgs + Di-Boson fit                                    	 	 	 	 	   
 proper implementation of EWPOs in the works 

→

→

→
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Thanks for listening :)



BACKUP SLIDES

BACKUP SLIDES



BACKUP SLIDES

PROFILING VS MARGINALIZATION

∫T
P(T |M) = ∫T

L(M |T)P(T)
P(M)

max
T

L(M |T)

Which object is most likely to contain                            
a water molecule?

Where is the water molecule most 
likely located? 
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Higher marginal probability:
Higher profiled likelihood:



BACKUP SLIDES

PROFILING VS MARGINALISATION (FLAT THEORY UNCERTAINTIES)

arXiv:2208.08454 [hep-ph]

https://arxiv.org/abs/2208.08454


BACKUP SLIDES

THE TOP DATASET

arXiv:1910.03606 [hep-ph]

https://arxiv.org/abs/1910.03606


BACKUP SLIDES

ROTATION BETWEEN BASES


