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Interpretations from the LHC

o, X B [fb]

o Can't spell "re’

o Various interpretations, e.g. dilepton final states

e /' search, DY cross-section, lepton universality, ...

nterpretation without interpretation

e Impossible to cover all interpretations carried out

at the LHC — Today "BSM reinterpretation’
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Preservations at the LHC : HEPData

« HEPData : Electronically tabularizing histograms/distributions

o Additional information relevant to the analysis (signal MC sample
configuration, statistical models,
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Search for new physics in high-mass
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https://www.hepdata.net/

Preservations at the LHC : Rivet

e Rivet : One of the most widely used tools to preserve and recast
unfolded measurements at the LHC

» Agnostic to both MC generator and detector : Validation tool
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https://rivet.hepforge.org/

Reinterpretations of the LHC

 BSM Interpretations at the LHC mostly consider handful of models
e Test data against the SM predictions In various channels
e Try to look for unexplained deviations at a good confidence level
o Model A excluded by testing data against SM predictions

e c.g. m(H*) 400-1000GeV excluded assuming BR(H**—€€)=100%
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https://arxiv.org/abs/2211.07505

Reinterpretations of the LHC

» What If there are new BSM ideas that share signal features from old
publications such as final state particles or event kinematics?

e e.g. With different vev, H++ can decay into pair of W bosons

e 4¢ final state Is shared with the dedicated analysis but less clear
resonance structure due to MET energy l0ss

o Cannot directly translate one exclusion result to another
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Reinterpretations of the LHC

» Takes long time and a lot of effort Is needed again to perform a
dedicated analysis to scan new BSM ideas

» Assuming the analyses at the LHC are preserved in a recastable
format, model A can be patched to model B

e Reinterpretation : Alternative solution that allows you to perform
new Interpretations based on existing results

Signal : Signal
Regior Recasting & Region

Reinterpretation
S —————

Original analysis (model A) Reinterpreted analysis (model B)



Reinterpretations of the LHC

» By preserving our results early on and making them recastable, new
BSM theories can be explored with much lesser effort

PRESERVE in Rivet RECAST the preserved analysis :
GENERATE new MC samples | P Yy REINTERPRET new BSM idea
But with new BSM MC sample

4 lepton event cross section _
New BSM idea to explore

JHEP07(2021)005 link
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https://arxiv.org/abs/2103.01918
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.075020

The LHC BSM Reinterpretation Forum

e Suggestions from the LHC
BSM Reinterpretation Forum on
h h Reinterpretation of LHC results for new physics:
W at/ OW tO p [ES5EINVE status and recommendations after run 2

» Basic items that experiment The L8 AL Hedeterpmstetin Rores
can provide : Clear analysis Abstract
d e S C r| ph O n S |n p a p e r, We report on the status of efforts to improve the reinterpretation of searches and mea-

surements at the LHC in terms of models for new physics, in the context of the LHC

Sci| SciPost Phys. 9, 022 (2020)

link

Reinterpretation Forum. We detail current experimental offerings in direct searches for

ﬂ U m e rl Ca ‘ Va ‘ U e S O]C p ‘ OtS g oo new particles, measurements, technical implementations and Open Data, and provide a

set of recommendations for further improving the presentation of LHC results in order
. to better enable reinterpretation in the future. We also provide a brief description of ex-
® S O m e m O re C O m p ‘ | C a te d isting software reinterpretation frameworks and recent global analyses of new physics

that make use of the current data.
stuffs were also suggested

. . Copyright W. Abdallah et al. Received 02-04-2020 )
% D | d We (ex p e rl I I I e n 'I:S) This work is licensed under the Creative Commons Accepted 06-08-2020 Ch\~k :
Attribution 4.0 International License. Published 21-08-2020 updates

fO ‘ ‘ OW U p O n S U C h re q U e StS? Published by the SciPost Foundation. doi:10.21468/SciPostPhys.9.2.022
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http://www.arxiv.org/abs/2003.07868

Suggestions and Feedbacks : Statistical Models

.. . Comput.Phys.Comm.264, July2021,107909 link
o Statistical models : Making use of all =i oo e s i =

DOSSIble experimental sources as ¢ e =
much as possible = Uncertainty o
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» Multiple reports on the usefulness & = o
of having the full statistical model — Able to recast official results
from experiments with much better precision

« ATLAS put a lot of effort to release full likelihood through pyht
(python implemented HistFactory), already available in HEPData

o CMS recently released the COMBINE package, used for statistical
analysis (submitted to Computing and Software for Big Science)
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https://github.com/scikit-hep/pyhf
https://arxiv.org/abs/2404.06614
https://arxiv.org/abs/2009.01809

Suggestions and Feedbacks : Reproduction Metadata

» Reproduction metadata : Cutflow tables for validation of fast
simulations In recasting, analysis pseudocode with analysis logics

» No general
but startec

holicy yet so pretty much vary in content and format
naving some concrete examples

e One full example : CMS EXO-20-004 (monojet search)

</>

1 to 4 of 4 Files

s o0 2. ANAlYSIS code in recasting tool

C++ Source - °

~uisresn (MadAnalysis) format
21,918 Downl

MD5: 415...31 ¥

Source code for the implementation

cms_exo_20_004.h

C++ Source - 805 B

Published Jun 17, 2021

21,895 Downloads

MDS5: 69f...4d7 9

Header file of the implementation

cms_exo_20_004.info

Unknown - 369.1 KB

Published Oct 7, 2021

21,712 Downloads

MD5: c03...664 4

Info file with the experimental results / background expectation (including covariance matrix information)

delphes_card_cms_exo_20_004.icl
application/x-tcl - 22.0 KB

Published Jun 17, 2021

21,897 Downloads

MD5: 816...2f0 .8

Detector parametrisation

Showing 50 of 10201 values

Show All 10201 values Visualize

'Covariance matrix
Eto be used for
:sﬁr_npliﬁ_e_d likelihood

monojet_2016_bin0 monojet_2016_bin6 377857.6261

monojet_2016_bin0 monojet_2016_bin7 216898.8756

monojet_2016_bin0 monojet_2016_bin8 100131.7426

monojet_2016_bin0 monojet_2016_bin9 75505.18217 Brushing Enabled? []
Visualize

'Yield table for
-distributions in
'SRs and CRs

[GeV]

250.0 - 117100.0 7876.3 57835  98107.0 1272.7 273.97

2800 +1028.4 +604.84 +927.2 +130.16 = #30.141

280.0 - 67932.0  4447.2  3457.0  57258.0 773.44 167.69 Sum errors [ Fillbars[] Log Scale (X) (]
5! +533.2! +76.317

310.0 £599.48 £353.66 533.28 +76. +18.58
Total Total Total Total Total Log scale (Y) D

Cutflow t

A

Mode

Data-taking period
Cut stage

Full sample

Trigger emulation
P > 250 GeV
pIes quality filters
Electron veto

Muon veto

Tau veto

B jet veto

1000.0 300.0 1000.0
b I eV GeV
a e .0GeV  400.0
GeV GeV
1.0
PP — xxiJ
2017 2018

Fraction of passing events
1.0 1.0 1.0

0.90814 0.5588 0.90293

0.72881 0.16807 0.72742

0.72671 0.16768 0.72562

0.72431 0.1672 0.72357

0.72204 0.16673 0.72145

0.70581 0.16273  0.70537

0.70581 0.16273  0.70537

Internal validations
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Legacy Analyses

» One of the main difficulties to conduct a full combination report
comes from reproducibility

e c.0. Legacy analysis such as pMSSM studies (scan of 19 parameters)
IS basically a collection of multiple BSM searches, combining the
results and scanning unexplored parameter sets

e This can only be done after accumulating some publications

o |t IS becoming more important to prepare ourselves i .
for people who will be recasting/reproducing the
analysis Iin the future for such legacy studies

* \\Vhat do we need to do?

Si Hyun Jeon



LHC Internal Improvements

» Reana : Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence.
workflow engines. clouds. elsewhere. Cloud-native. Made with € at CERN.
P A o8 - o ?_‘ff"-lffjf'--- —
LANGUAGE D slurm \J \\_/
kubernetes workload manager ‘

» Packaging codes that were used for the analysis with all the
technical details (OS architecture, compilation environment, ...)
containerised so that it can be reusable

e One very recent example is pMSSM studies from ATLAS

» Running Recast and SimpleAnalysis frameworks (tools developed
by ATLAS for reinterpretation) on Reana

Si Hyun Jeon
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https://arxiv.org/pdf/2402.01392

CERN Open Science Policy

N | [ open » Most advanced case of preservation
@ & reinterpretation : Open data

e Release of LHC research quality data

Open for public use
Source
Learn Visualise Analyse
- Discover the world of open data from Explore detector events and run Run your own physics analyses, start
particle physics basic histogramming virtual machines
' Welcome to our updated portal CMS Event Display CMS Guide to research use of CMS Open
CMS Guide to education use of CMS Open OPERA Event Display e
Data CMS Histograms ATLAS Higgs Machine Learning Challenge
Improving educational content with high Getting Started with LHCb Open Data
school teachers: A field report from our Getting Started with ALICE Open Data
summer students
Glossary

more

more

CERN is commited to the advancement of science and the wide dissemination of knowledge by
embracing and promoting practices making scientific research more open, collaborative, and
responsive to societal changes



Summary

e Reinterpretation can only be done when LHC experiments talk anc

Isten to outside community

» \We also need feedbacks from outside community to understand

what Is needed
o Allows us (experin

ents) to focus on unexplored realms of the LHC

DNYSICS and explor
o Starting from very

C1ts full potential
basics (HEPData and Rivet) we are ramping up

with more cool stuffs (statistical model, metadata, internal resources
such as Reana, and ultimately open data)

Note that there are many more recast/reinterpretation tools that were not mentioned today :
Rivet/Contur, MadAnalysis, SModelS, Gambit, CheckMATE, ADL/CutLang, ... all has its unique
philosophy and approaches!
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Slides

e Most of the slides inspired by Nick Wardle's seminar link
 And a lot of histograms and also ideas from pyht authors slides

Si Hyun Jeon
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https://indico.jlab.org/event/420/contributions/8403/attachments/7133/9837/seminar_scrt_nwardle.pdf

