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Introduction




Why designing & recasting is important?

R
W Durham

University

Exploiting the full potential of LHC (for new physics)

- new analyses (based on MC simulations)

- LHC analyses (The LHC legacy)
Data preservation in HEP is mandatory

- Going beyond raw data via

Related tools need to be supported by the entire community

- Both

Universal recasting tool

Les Houches Recommendations (EPJC ‘12)

Reinterpretation Forum Report (SciPost 20)

Jack Y. Araz - MadAnalysis §
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MadAnalysis 5

What is MadAnalysis §?

+ A framework for

+ partonic, hadronic, detector, reconstructed

+ : STDHEP, HEPMC, LHE, LHCO, ROOT (from Delphes)
+ User-friendly, flexible & Fast!!!

4+ Interfaces several HEP packages: MadGraph, FastlJet, Delphes, pyhf

Normal Mode Expert Mode

+ Intuitive commands typed in the Python interface 4 C++ programming with the SampleAnalyzer framework

+ Support for multiple sub-analyses, an efficient way for

+ Analysis performed (black box)
handling cuts and histograms, etc.

+ : HTML and LaTeX
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LHC recasting with
MadAnalysis 5




Reimplementing an analysis in MadAnalysis 5

Signal Events
(STDHEP or HEPMC format)

V SFS@Maj or Delphes

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

©)

RATEAR Sl

JHEP 12 (2019) 060 CERN-EP-2019-142
DOI: 10.1007/JHEP12(2019)060 January 31, 2020

Detector Simulation

Search for bottom-squark pair production with the ¢ peeR 0 ee,, .

ATLAS detector in final states containing Higgs ® .
bosons, b-jets and missing transverse momentum C ==

The ATLAS Collaboration

Validation

Public Analysis

Recast

The result of a search for the pair production of the lightest supersymmetric partner of
the bottom quark (B,) using 139fb™" of proton—proton data collected at 45 = 13 TeV by
the ATLAS detector is reported. In the supersymmetric scenarios considered both of the
bottom-squarks decay into a b-quark and the second-lightest neutralino, by — b + 5. Each
,\7;’ is assumed to subsequently decay with 100% branching ratio into a Higgs boson (k) like
the one in the Standard Model and the lightest neutralino: i? - h+ f]r". The i{’ is assumed
to be the lightest supersymmetric particle (LSP) and is stable. Two signal mass configurations
are targeted: the first has a constant LSP mass of 60 GeV; and the second has a constant mass
difference between the i? and i? of 130 GeV. The final states considered contain no charged
leptons, three or more b-jets, and large missing transverse momentum. No significant excess
of events over the Standard Model background expectation is observed in any of the signal
regions considered. Limits at the 95% confidence level are placed in the supersymmetric
models considered, and bottom-squarks with mass up to 1.5 TeV are excluded.

Database++;

Exclusion limit
calculation

@ 2020 CERN for the benefit of the ATLAS Collaboration. OWS
Reproduction of this article or parts of it s allowed as specified in the CC-BY-4.0 license. Cu -
“ °

TH uncertainties, HL extrapolations
Simplified and full likelihoods
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Reimplementing an analysis in MadAnalysis 5

Recasting toolbox

N/ .
%* Calculating , and o
via uncorrelated signal regions.

A-priori and a posteriori expected exclusion!
(thanks to & )

‘# via full profile likelihoods — pyhf

via simplified likelihoods — CMS’
correlation matrices

| %* Exclusion limits with &

JYA, Frank, Fuks EPJC 20

ke

N
AT1l, . . ack Y. Araz - MadAnalysis §
University

R
W Durham


http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://inspirehep.net/files/9def5041116865b637de71eb017c3245
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278
https://arxiv.org/abs/1407.3278

Reimplementing an analysis in MadAnalysis 5

Simplified and full likelihoods
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Simplified & full likelihoods

Why important?

Simplified likelihoods
from CMS

ATLAS SUSY and Exotics workshop
S. Kraml 20

CMS supplementary 35.9 fo' (13 TeV)
0.12 0.16 0.08 0.00 0.00:-0.28 0.00 0.00 0.00 0.00 :-0.15 0.00 0.00 0.00:—003 0.00 0.00 0.00:0.02 0.00 0.00 0.00 0.00

e The mathematical description of the analysis
is provided within its statistical model.

-------------------------------------------------------------------
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I 1

More Info: Simplified
likelihoods session

__________________________________________________________________

--------------------------------------------------------------------

e The likelihood profile enables the standard
statistical approaches to extract information.

00 000 000 000 000 0001000 000 000 000 0.
YY ZZWW TT bb MMYY ZZWW TT MULYY ZZ WW bb 1YY ZZWW bb 1YY ZZ WW bb Tt
1 1 1 1
1 1 1 1
ggH © VBF ¢ WH : ZH ttH
1 1 1 1

Full likelihoods

from ATLAS
e j.e. how reasonably aligned the theoretical
predictions with the experimental R
observations? differentiable

Lukas’ talk on
statistical models &
likelihoods

Yikelihoods

Hands on pyhf with
Matthew

Les Houches Recommendations (EPJC ‘12)

Likelihoods in mas> install pyht

VY GRERE  Alguero, Kraml, Waltenberg ‘20 SmOdels right after
this talk

R
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Simplified likelihoods with CMS-SUS-16-039
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Simplified likelihoods with CMS-SUS-16-039
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Simplified & full likelihoods in action!

Electroweakino searches

Alguero, JYA, Fuks, Kraml; in progress
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Full likelihoods with ATLAS-SUSY-19-08

Alguero, JYA, Fuks, Kraml; in progress

Electroweakino searches

HEPData
i T B

<% Wino-like electroweakinos o7 File
| ' |

& ATLAS shares son s o form ul| | ,
profile likelihoods.

signal point the background-only model is found

in the file named BkgOnly.json. All jsonpatches are

contained in the file patchset.json. Each patch is

¢ Each file includes detailed information on identified in patchset.json by the metadata field

‘ . . "name": "C1IN2_Wh_hbb_[m1] [m2]" where m1is
backgrounds and corresponding nuisance \ oS eE EroedItie

| next-to-lightest neutralino (which are assumed to
parameters’ be nearly mass degenerate) and m2 is the mass of

I the lightest neutralino.

< Simplified likelihoods are achieved by compressing
all the information into

Download
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Simplified & full likelihoods in action!
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Electroweakino searches
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Wino-like electroweakinos

ATLAS shares json files to form full
profile likelihoods.

Each file includes detailed information on
backgrounds and corresponding nuisance
parameters.

Simplified likelihoods are achieved by compressing
all the information into
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Simplified & full likelihoods in action!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-08/

Simplified & full likelihoods in action!

Biby production ; B # bk) # bhkY; (my =60 GeV) 4 Biby production ; By # bk) # bhE); (my =60 GeV)

G ——— e ] B ——————— | |t
1 ATLAS | SUSY! 2018! 031 ATLAS | SUSY! 2018! 031
16 &l s=13TeV, 139 f8 1, 95% CL Expected
| ——— ATLAS expected limit (£ 1" ¢xp) e ]

Alguero, JYA, Fuks, Kraml; in progress

Simplified likelihoods and pyhf
interface has been fully integrated in s
MadAna|YS|S 5 = V19 beta 14_ MadAnalysis 5 ! exclusion Iit:T?iotry

with full likelihoods

_ . MadAnalysis 5 ! exclusion limit
1-2_' with simplibed likelihoods

S

()] - MadAnalysis 5 ! exclusion limit
I ol with best SR
!

=

s=13TeV, 139fb 1, 95% CL

MadAnalysis 5 ! expected limit
with full likelihoods

. MadAnalysis 5 ! expected limit
with simplibed likelihoods

MadAnalysis 5 ! expected limit
with best SR

& ATLAS - SUSY - 2018 - 31
& ATLAS - SUSY - 2018 - 04
@ ATLAS - SUSY - 2019 - 08
& ATLAS - SUSY - 2018 - 06
@ ATLAS - SUSY - 2018 - 14

AQQ--sbe “ B2, R ——, 4002 1 A - ———————
[ ATLAS ! SUSY! 2018! 04 [ ATLAS ! SUSY! 2018! 04

350F s=13TeVv, 139 fd 1 95% CL 35%3 s=13 TeV, 139 f8 1, 95% CL

3OC_ ....... . - - SOC' ....... - P
CMS _ SUS _ 6 _ [ MadAnalysis 5 ! expected limit ] [ MadAnalysis 5 ! expected limit
201 30 _ with full likelihoods ; ; with full likelihoods
S 250r __. MadAnalysis 5 ! expected limit 1 S 25%_— _ . MadAnalysis 5 ! expected limit
) I with simpliPed likelihoods ] ) I with simpliped likelihoods
Q CMS - SUS - 2017 - 01 ) [ MadAnalysis 5 ! expected limit ) [ MadAnalysis 5 ! expected limit
— 200r with best SR — 200r with best SR

& CMS - SUS - 2019 - 06
@ CMS - PAS - EXO - 20 - 004

E :_ \\79'\'\ ——
15C_ & /7 e ~
’
L // .

R
W Durham

University

18 Jack Y. Araz - MadAnalysis 5



https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://code.launchpad.net/~ma5dev/madanalysis5/v1.9_beta
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin
https://indico.cern.ch/event/1049578/#2-theorists-feedback-on-reusin

Issues & wish list

Simplify | pyhf - HistFactory/JSON files

"4 Simp1lify module provides very
fast and reasonably accurate where the required limits are
results. However module is not calculated using one function
up to date and the method is not (i.e. ATLAS-SUSY-2018-06).
generalizable for all analyses. It
would be beneficial to have a
generic and fully supported tool
for likelihood compression within

pyht.
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*%* A universal file system needed

o3¢ Backwards compatibility is
necessary, function names and
functionality should not change
aCross versions.



https://github.com/scikit-hep/pyhf/issues/1320

Conclusion




Conclusion

% Uncorrelated signal regions WANTED: AnaIYSlS COdeS

represent the statistical model of the solely depend
analysis well enough on preserving analysis logic in a reinterpretable form. You can

contribute to the HEP community by sharing the LHC recast

11 - - - you have implemented in the MadAnalysis § framework,
Likelihood information is for an through  Please send us your analysis

accurate representation of the experimental code, detector card, info file and validation note to be
data and , included in PAD for public use.

More information and examples can be found in the
proceedings of

. Analysis codes have been published,
documented and got a DOI so that they can now be cited.
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http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
https://doi.org/10.1142/S0217732321020016
https://doi.org/10.1142/S0217732321020016
https://doi.org/10.1142/S0217732321020016

