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lntroduction

| have a lot of thoughts on this topic, so aiming at high-level points

e Please see PhyStat seminar for more details that may be helptul for the white
paper https://indico.cern.ch/event/96299//

See also Nicholas Wardle's PhyStat Seminar:
e https://indico.cern.ch/event/1012319/

- - . . ;.: @ : . " |
Publishing likelihoods §(ii]%‘;3§["i)%] . .
U EP-IT Data science seminars

¢ General agreement over importance of publishing likelihoods (LHs)

. . 1] n )
 Already back in 2000! e SR PHYSTAT seminar: Can we really "Re"-interpret data from the LHC*
o W IERRTBorEnE - P by Nicholas Wardle (Imperial College (GB))
17-18 January 2000
- Likelihood one of the most impor‘tant data products of HEP ana|yse8. —— -_ WedneSday 10 Mar 202], 11:00 = 12:00 Europe/Zurich
- Nearly everything in an analysis affects the LH (trigger, detector, systematic uncertainties, event selection, ...) @ CERN
- Most of the analysis products we publish on HEPdata are lossy projections of our LHs. Description Data from high energy physics experiments are expensive. It takes many person-hours and multiple millions of euros/dollars/pounds/swiss francs
» Theorists still have to do “guesses” to build realistic LH. Massimo Corradi . | ‘ | to produce and collect data from the LHC. Naturally, being able to re-interpret published results and information from the LHC experiments is vital
i'W;;:;'f‘;::::;ﬁ;‘cﬂ‘cmmm‘fm*:m:’:;:ﬂmm‘;‘:;m:: to ensure the longevity of the LHC data and its validity in global searches for new physics - it's just not enough to publish limits excluding some well
::;:‘hgod function for these kinds of results. Does everybody agree on this statement, to publish likeli- motivated model or measure some parameters and move on. | will discuss ongoing efforts to make Run-2 LHC results and data “re"-interpretable
e Actually publishing/preserving is tricky though ... ouis Lyons so that they can be re-used long after the results are published, and the various levels of approximation they require. I'll discuss several ways such

— vy — ot ., P e re-interpretations are performed in the high energy physics community and hopes for future runs of the LHC.
- at do we want to preserve exactly? And how? In what format Sp— S a———
https://cds.cern.ch/record/A52080 The seminar will be done remote only.

- Do not really have a software-independent format of the LH to put on HEPdata ...

@ ds_seminar_cern_n... @ recording.mp4

= Start with a single more tractable model first: HistFactory Organized by M. Girone, M. Elsing, L. Moneta, M. Pierini
Event co-organised with the PHYSTAT Committee
, - Videoconference  zom . . '
I— 2 Eric Schanet (LMU) | 15.02.2021 | RelNPS2021 2 Rooms © EP/IT Data Science Seminar v



https://indico.cern.ch/event/962997/
https://indico.cern.ch/event/1012319/

lntroduction

Topics:
e Technical issues around likelihoods
e Surrounding (cyber)infrastructure: repositories, citation, RECAST, ...

e |ncentives, encouragement, evidence to support those in community working
to make this happen

e Goals of white paper, audience



lntroduction

We are at a “tipping point” There is more positive momentum than |'ve ever seen
e Suggest we take a positive tone of encouragement
 \We should also all educate ourselves about all the efforts that are going on:

e Citations to DOls for software and data products

e Training efforts

My sense is that within different groups (Higgs, SM, SUSY/Exotics, top, flavor) and
different experiments (ATLAS, CMS, LHCb, ...) there are different attitudes

e c.g. ATLAS SUSY/Exotics embracing full likelihoods, opening discussion more broadly

e but surprisingly Higgs EFT and STXS community don't seem to be very aware ot

developments or relevance to their problems



REPRODUCIBILITY PROBLEM

Not possible for others to reproduce results from paper.
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REPRODUCIBILITY PROBLEM

Not possible for others to reproduce results from paper.
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LK

First step: publish likelihood scans for communicating LHC Higgs results.

ELIHOO

D SCANS

http://doi.org/10.7484/INSPIREHEP.DATA.A78C.HK44

http://doi.org/10.7484/INSPIREHEP.DATA.RF5P.6M3K
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Files

Plots [ HepData )

Jul 4, 2013 - 32 pages
Phys.Lett. B726 (2013) 88-119

Data from Figure 7 from: Measurements of Higgs boson production and coupnngs

diboson final states with the ATLAS detector at the LHC

ATLAS Collaboration (Aad, Georges (Freiburg U.) [...]) Show all 2923 authors

Cite as: ATLAS Collaboration ( 2013 ) HepData, http://doi.org/10.7484/INSPIREHEP.DATA.A78C.HK44
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LIKELIHOODS SCANS

Reproducing derived results from original paper!
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LIKELIHOODS SCANS

Reproducing derived results from original paper!
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But still simplified likelihood scans, not the full statistical model



Terminology

Given a probability model p(X|0) and a data x,

e The likelihood function is a function of the parameter 8, and the value is given by
L(0) = p(X = x| 0)

e But L(0) doesn’t describe the distribution in X

e Technically the likelihood function doesn’t have enough enough information to generate
synthetic data (toy Monte Carlo), which is needed for most frequentist statistical procedures

Colloquially, the term likelihood function is used in HEP often when we mean the full
orobability model p(X | 6)

e \We should be clear in paper, but no need to belabor the point here
Note: an intermediate provide a function f(x, 0) « p(x|6) (e.g. a NN likelihood ratio)

e itis afunction of the data x, but you can't (easily) sample from it (e.g. to generate toy MC)
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Roadmap (2012) commeLoer e
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Kyle Cranmer (NYU) Tools, Stockholm, June 18, 2012
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Binned vs. unbinned

The RooWorkspace was designed to be able to store any type of statistical model
— source of many complications
broadly we have two classes of analyses: binned and unbinned

unbinned/ \ binned
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Recent progress

Recently ATLAS has started publishing full likelihoods to
HEPData for SUSY and exotics searches

o Perfect for STXS-type measurements

CE?W
\

NS/

ABOUT NEWS SCIENCE

New open release allows
theorists to explore LHC data
in a new way

The ATLAS collaboration releases full analysis likelihoods, a first for an
LHC experiment

9 JANUARY, 2020 | By Katarina Anthony

1) S.I‘t down for
coffee with the

Standard Model J
ABCERN | Nes /|
7 April, 2017

Explore ATLAS open likelihoods on the HEPData platform (Image: CERN)
What if you could test a new theory against LHC data? Better yet, what if the expert
knowledge needed to do this was captured in a convenient format? This tall order is now on
Display a menu y from the ATLAS collaboration, with the first open release of full analysis likelihoods

RESOURCES

Related Articles

ABOUT NEWS SCIENCE RESOURCES Q_ SEARCH | EN -~

) CERN Council appoints
Fabiola Gianotti for second
term of office as CERN

Director General

Press release | 6 November, 2019
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1 I
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T al
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Knowledge sharing | News |
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https://scikit-hep.org/pyht/ Yikelihoods



https://home.cern/news/news/knowledge-sharing/new-open-release-allows-theorists-explore-lhc-data-new-way

More published pyht probability models

More on the way

Published Likelihoods

Updating list of HEPData entries for publications using HistFactory JSON likelihoods:

e Search for trilepton resonances from chargino and neutralino pair production in s,/=13 TeV pp collisions with the ATLAS detector. 2020.

doi:10.17182/hepdata.99806.

Search for displaced leptons in s/=13 TeV pp collisions with the ATLAS detector. 2020. doi:10.17182/hepdata.98796.

Search for squarks and gluinos in final states with same-sign leptons and jets using 139 fb-1 of data collected with the ATLAS detector. 2020.

doi:10.17182/hepdata.91214.

e Search for direct production of electroweakinos in final states with one lepton, missing transverse momentum and a Higgs boson decaying into two
b-jets in (pp) collisions at s/=13 TeV with the ATLAS detector. 2020. doi:10.17182/hepdata.90607.

e Search for chargino-neutralino production with mass splittings near the electroweak scale in three-lepton final states in s/ = 13 TeV pp collisions
with the ATLAS detector. 2019. doi:10.17182/hepdata.91127.

e Search for direct stau production in events with two hadronic t-leptons in s/=13 TeV pp collisions with the ATLAS detector. 2019.
doi:10.17182/hepdata.92006.

e Search for bottom-squark pair production with the ATLAS detector in final states containing Higgs bosons, b-jets and missing transverse
momentum. 2019. doi:10.17182/hepdata.89408.

Lf

differentiable
Yikelihoods

Cite these!

- HEPData

Repository for publication-related High-Energy Physics data




From yesterday

Different analysis strategies — Note the Oros and cons

o Highly optimised analyses targeting specific properties / operators o Th|s ‘|St O'I: Wh a't iS ﬂeeded ‘OOl(S a ‘Ot ‘Il(e
— "best possible” sensitivity

— very model specific

the discussions in reinterpretation of
BSM searches |

o Fiducial and differential cross section measurements

— minimise model dependence
— relatively restricted sensitivity (hard to combine different channels)
— re-interpretable outside experiment

OSCAR EBOLI

WHAT IS NEEDED

o Differential measurements in experimentally sensitive observables per
production mode (STXS)

— model dependence from production mode definition

— easy combination of different Higgs decay channels — sensitivity to
large number of EFT operators

— re-interpretable outside experiment

Information on experimental cut flows, efficiencies

Information on backgrounds

Information on results and corresponding correlations (becoming standard)

Information on the likelihood

Saskia Falke Inputs to EFT fits 29/10/2020 3/
—_— | Desirable to have results at particle level, and distributions (STXS or fiducial distr.)
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Gold Standard: Full Likelihoods
Different analysis strategies

o Highly optimised analyses targeting specific properties / operators
— "best possible” sensitivity
— very model specific

o Fiducial and differential cross section measurements

— minimise model dependence

— relatively restricted sensitivity (hard to combine different channels)
— re-interpretable outside experiment

o Differential measurements in experimentally sensitive observables per
production mode (STXS)

— model dependence from production mode definition

— easy combination of different Higgs decay channels — sensitivity to
large number of EFT operators

— re-interpretable outside experiment

Saskia Falke Inputs to EFT fits 29/10/2020 3/22

For EFT measurements, |
think combined fits based
on the tull likelihood
models in the “tolded”
data space are the most
principled approach

o |ikelihood can be
based on STXS or
dedicated analysis

e This should be the
gold standard for the
flagship EFT results




ombined fits for EFTs

The STXS combination measurement

ATLAS Preliminary

Aim: EFT interpretation of the 139 fb' combination of H-ZZ*~4f, | fzer, .. == s
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RECAST + STXS overcomes model dependence

Different analysis strategies The model dependence in
STXS mainly connected to
o Highly optimised analyses targeting specific properties / operators how results are Conveyed.
— "best possible” sensitivity
—» very model specific e The phase space
o Fiducial and differential cross section measurements regions are just phase
— minimise model dependence Space regions, they
— relatively restricted sensitivity (hard to combine different channels) )
— re-interpretable outside experiment dOﬂ tassume any mOde‘
o Differential measurements in experimentally sensitive observables per e Paired with RECAST one

production mode (STXS)

— model dependence from production mode definition could remterpret any

— easy combination of different Higgs decay channels — sensitivity to mode] USiﬂg the STXS
large number of EFT operators .
~ re-interpretable outside experiment phase space regions

Saskia Falke Inputs to EFT fits 29/10/2020 3/22




Likelihoods don't address reinterpretation
for signals with ditterent tinal states or
kinematics (eg. Exotic Higgs)
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Analysis Preservation

Recently we've made enormous
orogress in preserving the full analysis
chain.

e Makes it possible to run a new new
signal through the full analysis chain

reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence.
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RECAST in action

ATLAS has started using RECAST to reinterpret SUSY and exotics searches
recast

e Also relevant for exotic BSM Higgs scenarios

ATLAS PUB Note

ATLAS PUB Note
ATLAS ATL-PHYS-PUB-2020-007 ~7_

ATLAS ATL-PHYS-PUB-2019-032 <7 EXPERTMENT
EXPERIMENT 27th March 2020
11th August 2019

Reinterpretation of the ATLAS Search for
Displaced Hadronic Jets with the RECAST
Framework

RECAST framework reinterpretation of an ATLAS
Dark Matter Search constraining a model of a dark
Higgs boson decaying to two b-quarks

The ATLAS Collaboration The ATLAS Collaboration

A recent ATLAS search for displaced jets in the hadronic calorimeter is preserved in RECAST
and thereafter used to constrain three new physics models not studied in the original work.
A Stealth SUSY model and a Higgs-portal baryogenesis model, both predicting long-lived
particles and therefore displaced decays, are probed for proper decay lengths between a few
cm and 500 m. A dark sector model predicting Higgs and heavy boson decays to collimated

The reinterpretation of a search for dark matter produced in association with a Higgs boson
decaying to b-quarks performed with RECAST, a software framework designed to facilitate
the reinterpretation of existing searches for new physics, is presented. Reinterpretation using
RECAST is enabled through the sustainable preservation of the original data analysis as

re-executable declarative workflows using modern cloud technologies and integrated with the by hadrons via lone-lived dark photons is al bed. Th _section i branchi i
N . . . . ) . S g photons is also probed. The cross-section times branching ratio
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OPEN

Open is not enough

Xiaoli Chen'?, Siinje Dallmeier-Tiessen™, Robin Dasler"", Sebastian Feger'3, Pamfilos Fokianos',
Jose Benito Gonzalez', HarriHirvonsalo'4'2, Dinos Kousidis', Artemis Lavasa', Salvatore Mele',
Diego Rodriguez Rodriguez', Tibor Simko™, Tim Smith', Ana Trisovic'5*, Anna Trzcinska',
loannis Tsanaktsidis', Markus Zimmermann', Kyle Cranmer®, Lukas Heinrich®, Gordon Watts’,
Michael Hildreth?®, LaraLloret Iglesias®, KatiLassila-Perini* and Sebastian Neubert™

The solutions adopted by the high-energy physics community to foster reproducible research are examples of best practices
that could be embraced more widely. This first experience suggests that reproducibility requires going beyond openness.

e Reuse provides a forward-looking narrative, while

Shitting from reproducibility to reuse
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e Reproducibility is a byproduct! ;

Fig. 2 | Example of a complex computational workflow on REANA mimicking a beyond the standard model (BSM) analysis . This figure shows an
example where the experimental data is compared to the predictions of the standard model with an additional hypothesized signal component. The
example permits one to study the complex computational workflows used in typical particle physics analyses. a-¢, The computational workflow (a) may
consist of several tens of thousands of computational steps that are massively parallelizable and run in a cascading ‘map-reduce’ style of computations
on distributed compute clusters. The workflow definition is modelled using the Yadage workflow specification and produces an upper limit on the
signal strength of the BSM process. A typical search for BSM physics consists of simulating a hypothetical signal process (c), as well as the background
processes predicted by the standard model with properties consistent with the hypothetical signal (marked dark green in (b)). The background often
consists of simulated background estimates (dark blue and light green histograms) and data-driven background estimates (light blue histogram).

A statistical model involving both signal (dark green histogram) and background components is built and fit to the observed experimental data (black
markers). b, Results of the model in its pre-fit configuration at nominal signal strength. We can see the excess of the signal over data, meaning that the
nominal setting does not describe the data well. The post-fit distribution would scale down the signal in order to fit the data. This REANA example is
publicly available at ref. **. For icon credits, see Fig. 1.

e Analysis Preservation distinct from reproducibility
e Helps with onboarding
e Empowers reuse, remixing, reproducibility

e Improves efficiency & equity
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Training

Encouraging response by the community

Participants in Analysis Preservation Bootcamp showing off their ability to Instructors Danika MacDonnel and Giordon Stark working with
reproduce an LHC analysis. Photo Credit: Samuel Meehan participants. Photo Credit: Samuel Meehan.



