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The open science approach

technische universitat
dortmund

e open science: publish results and data

e statistical models are necessary:

e validation and reproduction of results

e reinterpretation and combination good scientific practice

e publication and archiving

e 1st Workshop on Confidence Levels 2000:

Massimo Corradi

It seems to me that there is a general consensus that what is really meaningful for an experiment
is likelihood, and almost everybody would agree on the prescription that experiments should give their
likelihood function for these kinds of results. Does everybody agree on this statement, to publish likeli-
hoods?

Louis Lyons

Any disagreement ? Carried unanimously. That’s actually quite an achievement for this Workshop.

-)

experiments should
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o stores statistical models (RooWorkspace) in binary format

(“.root” files) R O OT

Data Analysis Framework

) stores HistFactory-Models in human-readable JSON-Files
e already used in many analyses
e BUT: restrained to HistFactory-like models f

alfferentlable

e there is other statistical software, models and tools, but no Zikelihoods

standardized format

BA I .. ' l ;
Bayesian Analysis Toolkit
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HS3 - HEP Statistics Serialization Standard 'tU
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idea: provide standardized format for statistical

models:

HS? -

e human-readable, in JSON format

e machine-readable for direct implementation of

statistical models
e software-independent
e generic, mathematical definitions

e full compatibility with respect to
RooWorkspace and pyhf

https://aithub.com/hep-statistics-serialization-standard

Overview of supported types and components

16. February 2023
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Top-level elements
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HS3includes everything needed for a
complete representation of an analysis

flat structure of elements each
accessible on their own

every element is completely optional
depending on the model

the elements can depend on each other

distributions functions

metadata

likelihoods

analyses

domains
parameter

points
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e objects with unique name, type of distribution and
respective parameters
2.1.1 Exponential distribution "dlszrlbutlons" 3
Exponential distributions. The PDF is defined as "name" : "signal",
"type" : "gaussian dist",
ExponentialPdf(z,c) = N - exp(c- ), 2 i . "g T
mean : param mean-,
where A is a normalisation constant that depends on the range and values of the arguments. "sigma": 1.0,
" X " : n mes n
name custom string j
type exponential dist {
"name" : "background",
c number or name of the parameter used as coefficient c. "type" : "exponential dist",
X number or name of the variable z. c” : "param_c”,
" X " : n mes n
},

e further distributions include:

HistFactory channel, Gaussian, Poisson, Polynomial,
Mixture Distribution, Product Distribution ... and
growing!
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e Currently ongoing implementations in % O OT
and Julia ( ) of HS3 /’

Data Analysis Framevvork

e Idea: first round trip L

e ongoing full harmonization with

3 : included in meetings and ongoing \ B A T J l/
L L

discussions

A RN p_;«'i_-f

differentiable
YLikelihoods

Bayesian Analysis Toolkit
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Conclusion and outlook
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HS3is an evolving standardized way of distributing

statistical models
preliminary HS3 version implemented since ROOT 6.26

release of this HS® version in RooFit Update this

summer
currently working on roundtrip between ROOT & BAT jL

part of the IRIS-HEP Strategic Plan for the Next Phase
of Software Upgrades for HL-LHC Physics

first complete version by the end of 2023

distributions | functions

metadata

likelihoods

analyses

domains
parameter

points
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: technische universitat
Simple example teohn scn

signal with exponential background background only fit
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HS* - Structure vl
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parameter
points
data
analyses likelihoods
distributions
domains
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3_ technische universitat
HS* - Structure vl
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parameter
points

data

analyses

distributions

domains
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Likelihoods
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"likelihoods": [

e Combination of data and distributions to
likelihoods

e multiple likelihoods can be defined for
multiple analyses, e.qg.

e background only fit
e background + signal fit

1,
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{

"name" : "main likelihood",
"distributions": [
"model”
1,
“Jata": 1
"obsData"

]

"name" : "bkg likelihood",
"distributions": [
"background"
1,
"data": [
"obsData"

]

15
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Bringing it together... dortmund

data

analyses likelihoods <

distributions
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Domains and parameter points
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domains: ranges of parameters

parameter points: estimates, parameter
settings, best-fit values, starting

"domains": [ values....
{
"name" : "default domain", 3 t ints": [
"type" : "product domain", RATENGEER_ROLILs: ;
Yaxes® = [ { :
{ "name" : "starting_values",
"name" : "coef sig", "parameters" : [
"max" : 100, {
"min" : 10 “name" : “coef sig",
b "value" : 10
{ },
"name" : "param mean", {
“max" : 10, " wo.om "
S name" : "coef bkg",
min 0 =
} "value" : 10
}
]
} ]
1, }
1,
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Bringing everything together technische universitat
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parameter
points
data
likelihoods
distributions
domains
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e combines all previously defined "analyses": |[
{
elements "name" : "primary analysis",

e allows to automate full analyses MAeitnon” ¢ mEHCHLESElanan”,
"parameters of interest" : ["param mean"],
"parameter domain" : "default domain",
"init value" : "starting values"

}

|s that enough for every possible analysis?

e HS3provides more options to define, e.g., auxiliary likelihoods, parameter

estimates, and prior distributions for Bayesian analyses

e for more details see: https://github.com/hep-statistics-serialization-standard
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