Data and Analysis
Reinterpretation

PUNCHA4NFDI Open Data Workshop

Lukas Heinrich, CERN



Maximally exploiting LHC analyses

The LHC data is unique and ~fixed. But we can extract new physics results
In three distinct ways

result = fanalysis(theory, data)

Input for global Reinterpretation Open Data
Analyses

>
degree of customization

degree of resources needed



Maximally exploiting LHC analyses

The LHC data is unique and ~fixed. But we can extract new physics results
In three distinct ways

Inclusion of existing results in global analyses / fits
* no re-analysis of data required
* requires high quality archival of results

a )

result = fanalysis(theory, data)
\_ LHC data y

result’ = combo(result, resultsy, - - - , result,)



Maximally exploiting LHC analyses

The LHC data is unique and ~fixed. But we can extract new physics results
In three distinct ways

Reinterpreting existing analysis In light of a new theory.

* no hew development - reuse event selection procedure

* only re-run new signal - reuse common background estimates

* requires high-quality archival of analysis pipeline fanalysis(-, data)

- N
result = fanalysis(theory, data) - result’ = fanalysis(theory’, data)

_ LHC data )




Maximally exploiting LHC analyses

The LHC data is unique and ~fixed. But we can extract new physics results
In three distinct ways

Open Data:

 no constraints from any existing analysis - complete freedom

* but development of pipeline f;nalysis(-, data) is a significant commitment
* requires high-quality archival of
 data @ Open Data

o software & tools by expt's to analyze it @ Open Source Frameworks

- ~
result = fanalysis(theory,data) | - result’ = f 1 (theory’, data)

_ LHC data )




Open Likelihoods

a new "data product" for HEP
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"...everybody would agree that |...]
experiments should give their
likelihood function”

"Carrried unanimously”

2020

ATLASreleases "' "

1 y The ATLAS collaboration has begun to publish
f“ll orChQStra likelihood functions, information that will allow

archers to better understand and use their

rese
Of a naIYSis experiment's data in future analyses.
)
instruments

ATLAS has begun to publish
likelihood functions.
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Abstract

First analyses [...] show how [likelihoods] can help
theorists make more trustful reinterpretations.

Likelihood function Is the

"gold standard” to summarize
a given measurement.

 full set of systematics
* correlations

* reusable (new priors)

also true beyond HEP

@LSST Document mentions sampling posterior-good!-

produces clean likelihoods in dr2:
but for use by -ians you want to deliver Likelihoods not

posterior PDFs

After 20yr effort: Open HEP Likelihoods

* Technology-agnostic JSON files
(Interoperable of FAIR)

 Permanent Identifers (DOls)
(Findable of FAIR)

* immediately (re-)used by wider
HEP community

(Reusable of FAIR)



Background only Model Signal shapes for points in theory space Full likelihood Result
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Anybody can reproduce full statistical results from product published on HepData
at same quality as the experiments themselves (cf. Accessible of FAIR)



Reinterpretation

Analysis Likelihood provide base likelihood + results for given set of theories

Can we do more? Yes provide machinery to compute new "patches”

- » Need to run full analysis pipeline
| for a new theory.

A Crucial: Analysis Preservation!

reinterpret

>

A

CLs =0.05

CLs =0.03

original analysis (w.r.t model A) original analysis (recast to model B)

Analysis Preservation



Reinterpretation

LHC Analyses involve many people, many codebases, complex workflows

 need to archive software, job templates, workflow

4 capture software ( capture commands A
archive analysis code incl. what do with the
k dependencies 9 captured software p

» Modern Technology makes this feasible
 Containers (Docker, ..)
 Workflow Languages

-

\-

capture workflow

order of individual steps

~

VAN

data assets

iInput data needed
to run the analysis

Example Analysis Workflow




Infrastructure for Reinterpretation

Experiments & Labs make preservation easy for analysis teams
Can the be reused on new inputs

Roadmap Contact

reana Home Exam

REANA: workflows-as-a-service

. (Reusable of FAIR reana

Reproducible research data analysis platform
REANA
—_—
Service Results

Flexible Scalable Reusable Free

Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence.

AnaIyS|S Made with @ at CERN.

Workflow

workflow cgsias

github.com

README.rst

REANA example - LHCb Rare Charm Decay Search

About

—
docker

github.com

EZ README.rst
This analysis example attempts to reproduce LHCb rare charm decay study published in Phys. Lett. B 724 (2013

2. REANA example - CMS Higgs-to-four-leptons

REANA example - ALICE LEGO train test run

About

About

These decays are very rare, which makes their observation extremely challenging. The LHC produces a lot of ch:
particles D, but it also produces a much greater number of other particles which can be mistaken for the signal

This REANA reproducible analysis example performs ALICE LEGO train test run and validation. The proc This REANA reproducible analysis example studies the Higgs-to-four-lepton decay channel that led to the Higgs boson
ALICE collaboration particle physics analyses. Please see arXiv:1502.06381 for more detailed desquimis - ; ery in 2012. The example uses CMS open data released in 2011 and 2012. "This research level
analysis train system. github.com ly simplified reimplementation of parts of the original CMS Higgs to four lepton analysis published in
2) 30-61, arXiv:1207.7235." (See Ref. 1).

Analysis structure

README.rst

Making a research data analysis reproducible means to provide "runnable recipes" addressing (1) :ture
datasets are, (2) what software was used to analyse the data, (3) which computing environment
- software, and (4) which workflow steps were taken to run the analysis. REANA example - ATLAS RECAST ata analysis reproducible basically means to provide "runnable recipes" addressing (1) where is the
software was used to analyse the data, (3) which computing environments were used to run the

1. Input data ich computational workflow steps were taken to run the analysis. This will permit to instantiate the

putational cloud and run the analysis to obtain (5) output results.

This example uses ALICE Pb-Pb collision data input files. We can take a sample Pb-Pb ESD open

collaboration released on the CERN Open Data portal, for example the following sample taken at §
O u number 139038 in RunH 2010: (beware, the file is 360MB large) About

$ mkdir -p __alice_data__201@__LHC10h_2_ 000139038 This REANA reproducible analysis example demonstrates a RECAST analysis using ATLAS Analysis Software Group he following inputs:

$ cd _alice_ data_ 2010__LHC10h_2_ 000139038
stack.

$ wget http://opendata.cern.ch/record/1102/files/assets/alice/2010/LHC10h/000139038/ESD/0! alidated runs included in the data directory:
$cd..
a C Anal SiS structure 6-208686_8TeV_22Jan2013ReReco_Collisions12_JSON. txt
Yy s in the ROOT format, processed from CMS public datasets, included in the data directory:
root
Making a research data analysis reproducible basically means to provide "runnable recipes" addressing (1) where is the
root

\ input data, (2) what software was used to analyse the data, (3) which computing environments were used to run the
software and (4) which computational workflow steps were taken to run the analysis. This will permit to instantiate the
analysis on the computational cloud and run the analysis to obtain (5) output results.

>3 kubernetes

The analysis takes the following inputs:

e dxaod input ROOT file
e did datasetID e.g. 404958

e xsec_in_pb cross section in picobarn e.g. 0.00122




Infrastructure for Reinterpretation

CERN Analysis Preservation Portal (CAP

= CERN . . . .
Analysis Preservation Home What is CAP? Get Started Integrations Documentation Login

* Archive for e.g. REANA workflows,
of individual analyses,... CERN

Analysis Preservation
* links to other databases (Findable of FAIR

INSPIRE, HepData, ....

CERN Analysis Preservation ®™ o
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\ Background Uncertainty

----- Pre-fit Background
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First Fruits of systematic Analysis
Preservation & Reuse effort: RECAST

New Physics results at fraction

of cost compared to "Raw Open Data"
Alternative type of acccess to data at
higher abstraction level "data analysis
ooy ey
' R - =
v ﬁ/ LHC Data

external researchers/theory experiment

New perspective: Software Pipeline itself
as a FAIR "data product"



Outlook

LHC data can be made available to external researchers in many ways
 Open and FAIR interpreted in nuanced & different ways

Significant Developments in last years:

o Systematic Analysis Preservation & Reuse (RECAST)

e support data/research/computing infrastructure in development
(REANA, CAP)

* |ikelihoods established as new open data products for precision HEP.
 Common Open Data Policy for LHC

* Concepts (scientific workflows, likelihood preservation) applicable beyond HEP
fruitful area for PUNCH4NFDI



