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Introduction

e Analysis Preservation = enough info "made available" so
results of analyses can be re-used decades into future.

e LHC Run3 = final word on many topics for a generation.
Search results unlikely to be superseded until well into HL-
LHC. In some cases, not be superseded within span of the
careers or lifetimes of the current collaboration members!

e "Made available": within ATLAS/CMS/Other (internal) vs
outside (public).
In my honest opinion: internal preservation is not helpful.
We will all be outside of our collaborations one day.

e Single-use results are not impactful in long-term. Want
easy re-interpretability to facilitate long-term impact.
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Re-interpretation

* Theorists: "What does your analysis result imply for my favourite
model ?" (Or the model I will come up with 15 years from now)

« Search papers usually consider only one (or at most a few) models
at a time: usually simplified, benchmark models. Can't cover everything!

* What if my model had slightly different kinematics? Or extra objects in event?

a — A

* Need strategies to answer these questions, even if only approximately...




Re-interpretation for measurements

* For unfolded measurements: largely a solved problem.
-> unfolding means that no detector simulation or smearing is needed.
Compare truth-level predictions to truth-level data.

 (Almost) all measurements provide Rivet routine (runnable code snippet encoding
fiducial region, validated by analysers, often cross-check for main analysis)
* Main challenge = properly encoding correlations of observables+systematics
* Rivet and HEPData are automatically sync'd by construction
 -> This should be possible for STXS measurements... but as far as | know, isn't
done routinely! (Easy win?)

 As a result, measurements can instantly and forever be compared to latest SM
predictions. No further effort from theorists apart from doing what they do best.
* Rapid feedback to theory community

ooooooooooooooooooooooooooooooo



Re-interpretation for searches

« Unfortunately, the situation is not as simple for Searches.

« Complex variables and cutflows

 Heavy use of MIL: NNs and BDTs

 Detector level hard for theorists: no "blessed” ATLAS/CMS Delphes card

* No validated runnable code snippets systematically provided:
theorists waste months validating their implementations, often give up.

 Sacrificing long-term impact (=citations) of ATLAS/CMS papers.

» A paper cannot ever really describe a fit structure in sufficient detail to always
reproduce the results of the analysis

* We don't always provide the right information that theorists want, and have

material after publication

» But theorists WANT TO USE experimental results.
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Theorists want to use experimental results... and
they do when we empower them to!
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What sort of information is available
on HEPData?

X HEPData

Repository for publication-related High-Energy Physics data

This new site replaces the old site at http://hepdata.cedar.ac.uk.

Search on 8907 publications and 81596 data tables.

e.g. reaction P P -->LQ LQX, title has "photon collisions", collaboration is LHCf or DO.

Data from the LHC
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Digitised plots for limits, yields

and uncertainties

SQRT(S) 13000 GeV
LUMINOSITY 139fb~1

* Avoids using WebPlotDigitizer... e L I R 2 T 2

m., [GeV] Events / 2.5 GeV

. U n Ce rta i n ti e S Ofte n p rOV i d e d y at I e a St 105.0-107.5 3 0.000023 0.000132 0.033172 1.601516 0.357747 0.180031

‘}69311‘1‘8 +0.000016 stat 20.000063 stat +0.013563 stat +0.336797 stat +0.200153 stat +0.036000 stat
tat/sys typically, but often in more
S SyS y I y, u n I n r 107.5-110.0 1 0.000101 0.000075 0.013390 1.219675 0.370028 0.146073
[ ] .0251191,15616 +0.000033 stat +0.000045 stat +0.003939 stat +0.289088 stat 20.194770 stat $0.032030 stat
stat
detail.
110.0-112.5 3 0.000184 0.000052 0.021150 1.094716 0.074552 0.107441
'12693‘157“ +0.000046 stat +0.000036 stat $0.009128 stat +0.259780 stat $0.052945 stat $0.024361 stat
» Can be downloaded as
b b}

1125-115.0  1le-10 0.000405 0.000297 0.015468 0.956768 0.328200 0.118072

SV :::ig +0.000070 stat +0.000103 stat +0.005652 stat +0.244774 stat +0.160473 stat +0.026894 stat
‘ : stat
LI ]

CMS Search H->Za @ 13 TeV (link)

SQRT(S) 13TeV

€ Hide Publication Information

Search for dark matter produced
in association with a Higgs

YAM L pseudoscalar mass [GeV] Cross section upper limit at 95% CL [fb] h |
boson decaying to tau leptons at oA ,h, | ’ HH‘HH‘
/3 = 13 TeV with the ATLAS - ”Hm

‘ YAML with resource files

LUMINOSITY 138fb~!

ROOT

3.0 7.064 2783 832 154 195 254
detector csv
1UITI8Z/NeEpUata. 14u433.vIjiIs 5.0 2879 2393 355 154 530 2:. oseadoscalar mass (GeVl
The ATLAS COlla boration A comparison of the observed 60 1136 LT09 G5 v I e Sum errors @ LogScale (X)  Log Scale (Y) @

and expected yields in the four 70 3997 2881 4975 1ed S 204

ssssssssssss



https://www.hepdata.net/record/ins1995886
https://www.hepdata.net/record/ins2716400

Efficiencies

ATLAS Search for resonant WZ-L>Ivll (link)

* Many analysis provide efficiency maps

Visualize
mWzZ  all [%] mmm [%] mme [%] eem [%
* In terms of various kinematic quantities o ity
250 1.17 Ot.izs 0.31 0.27 . . ++
ssssssss . :
» Can help you select if you alternative T e e N K

model objects would pass an object or o s o *
event selection, for re-interpretation / ;
purposes R T e ook oo

ssssssss



https://www.hepdata.net/record/ins2107940

Likelihoods

 Serialised likelihoods for use with
pyHF fitting framework

* Allows you to replicate exactly the fit
structure (hard to describe accurately
in a paper!)

* Typically a bkg-only fit structure and a
set of signals to inject.

13 TeV DM + H->tau tau (link): Likelihood available

"channels": [

"name": "CR_Gbb_B_cuts",
"samples": [

"data": [
1.5325825214385986

"modifiers": [

"data": {
"hi": 1.00544,
"lo": 1.0
}’
"'name": "EG_reso",
"type": '"normsys"

"data": {
"hi": 0.999999,
"lo": 1.02783
}l
"name": "EG_scale",
"type": '"normsys"

"data": {
"hi": 0.992028,
"lo": 1.00797
}

"type": "normsys"

"data": {
"hi": 0.999439,
"lo": 0.984617

}l
"name": "ELEC_ID",
"type": "normsys"

"data": {
"hi": 0.993112,
"lo": 0.990944

’
"name": "ELEC_iso",
"type": '"normsys"

"ﬁame": "ELEC_ChargeID",

Search for dark matter produced
in association with a Higgs
boson decaying to tau leptons at
/s = 13 TeV with the ATLAS
detector

The ATLAS collaboration

Aad, Georges , Aakvaag, Erlend , Abbott, Braden
Keim , Abeling, Kira , Abidi, Haider , Aboulhorma,
Asmaa , Abramowicz, Halina , Abreu, Henso ,
Abulaiti, Yiming , Abusleme, Angel

JHEP 09 (2023) 189, 2023.

https://doi.org/10.17182/hepdata.140433

Journal

|#” HistFactory



https://www.hepdata.net/record/ins2182381

Cutflows and MC generation cards

* HEPData records often ATLAS 13TeV VBF H->inv (link)
contain cutflows for well-

defined signals, often with the

Requirement VBF VBF VBF Efficiency ggF ggF ggF Efficiency
L | ] [ ]
CO rre S p O n d I n g I n Stru Ctl O n S to Events Efficiency w.r.t. last step Events Efficiency w.r.t. last step
. 0 Lint 523500 1 1 6752600 1 1
generate THAT signal (eg
. GeV

S L I Il \, U F O fl I eS ) j1/j2: pr > 50/40 GeV, 47600 0.091 0.18 25900 0.0038 0.097
Anj;>2
MET trigger 34100 0.065 0.72 17280 0.0026 0.67

L ]
[ J H I t I d t Jet cleanin 33200 0.064 0.97 17020 0.0025 0.98
elps to validate your :

. . Signal lepton veto 33100 0.063 1.00 16850 0.0025 0.99

implementations of the |
Nphoton =0 33000 0.063 1.00 16730 0.0025 0.99

| ]

S e I e Ctl O n S Njet <5 31700 0.061 0.96 13660 0.0020 0.82

Ci<0.6for2<Nj<5 28700 0.055 0.91 9300 0.0014 0.68

mI”’ <0.05for2< th 22800 0.044 0.79 5430 0.00080 0.58
<5



https://www.hepdata.net/record/ins2033393

Code Snippets
 Better than replicating a selection, is to
provide runnable code snippet !

* Many ATLAS Searches do this with
SimpleAnalysis. Measurements can do this
iIn Rivet (could be done more broadly for
Higgs measurements)

« SimpleAnalysis -> used to be "pseudo-
code", but now runnable since recently.
-> https://simpleanalysis.docs.cern.ch/
-> https://cds.cern.ch/record/2805991

* Actually run the selection! only thing missing
IS smearing of truth->reco level quantities

RIVET: ATLAS Search for resonant WZ-L>Ivll (link)

Search for dark matter produced
in association with a Higgs

boson decaying to tau leptons at
/s = 13 TeV with the ATLAS > B
detector

External Link C++File

Rivet routine
The ATLAS collaboration 5

Aad, Georges , Aakvaag, Erlend , Abbott, Braden
Keim , Abeling, Kira , Abidi, Haider , Aboulhorma,
Asmaa , Abramowicz, Halina , Abreu, Henso ,
Abulaiti, Yiming , Abusleme, Angel

JHEP 09 (2023) 189, 2023.

In association
with a Higgs boson
decaying to tau leptons at
/3 = 13 TeV with the </> B
ATLAS detector External Link C++ File

eb page with figures and auxiliary material $mpleAnalysis implementation of the analysis

The ATLAS collaboration
View Resource

Aad, Georges , Aakvaag, Erlend , Abbott,

Braden Keim , Abeling, Kira , Abidi, Haider ,
Aboulhorma, Asmaa , Abramowicz, Halina ,
Abreu, Henso , Abulaiti, Yiming , Abusleme,

Angel
JHEP 09 (2023) 189, 2023. I—Eu,
https://doi.org/10.17134aangata 140433 HistFactory File

pyhf likelihoods


https://simpleanalysis.docs.cern.ch/
https://cds.cern.ch/record/2805991
https://www.hepdata.net/record/ins2107940
https://www.hepdata.net/record/ins2182381

Nice example of search
re-interpretations




A few examples of nice recasted results!

Simplified model results
2302.02735 -> Recast LLP searches to 2HDM+a 10— . Denchmark]

(same final states/kinematics, no event gen needed!) - e e ]
B ATLAS ggF MS, 139 b’
10 \* »»»»» ATLAS ggF CM, 139 b~
i “a\ CMS ggF MS, 137 fb-!
< t'“v. ‘A \“‘
10-7¢ ~~m._.,.___;;:;;:;;:;: --------------------------------- ]
Makes use of: T
- expected/observed limits Citations!
: : itations!
- paper information about T Y S e e—
benchmark model used m, [GeV]

- Embeds simplified model
in wider model

Figure 2. 95% C

exclusion regions in the m,-sin@ plane for the 2HDM+a benchmark I
scenario (3.3). The dott

red, blue, green and purple lines correspond to the limits following from

the ATLAS searches [33, 34|, [35], [43] and [44], respectively. The dashed yellow curves instead
represent the bound that arises from the CMS search [38]. The parameter space between the lines
is disfavoured. See main text for further details.




A few examples of nice recasted results!

Simplified model results

Measurement-based pipeline

2105.08494 -> CONTUR exploiting Rivet of SM
measurements, control-region measurements (and
some searches) to search for dark mesons

NFA2023-021

ATLAS-CO

/.

Makes use of: = 0.38 rrr p——
- Truth-level rivet 0.36/
routines (runnable 0341

code snippets) 0305

- Published differential 030
cross-sections C

- Published MC 028F
predictions for those Complementarity!
cross-sections UZ3F
(important!) 0.221

*Full disclosure: | am co-author of 0.20;

this CONTUR paper 25-0 | | |

ooooooo

T'llllllII]II""I'I[‘II‘II_
ATLAS Preliminary -

Vs=13TeV, | Ldt=1401b"
SU(2)L gaugephobic

100 200 300 400 500 600 100 200 300 400 500 600
Mz, (GeV) Ma, (GeV)
(a) (b)

FIG. 5: Scans in n — m,,, for two sub-models, focussing on the 7 < 0.5 region and
excluding the ATLAS dilepton search. (a) Gaugephilic SU(2)y,, (b) Gaugephobic SU(2)y,

The colours indicate the dominant signature pool giving the sensitivity. The white solid

Limits at 95% CL: ] line is the 95% exclusion and the white dashed line is the 68% exclusion.
Phys.Rev.D 105
(2022) 1 ] 3 CMS ee+tjet 3 CMS pptjet 8 ATLAS ee+jet
Excluded rygion — 3 ATLAS £/+ijet @0 ATLAS pptjet B ATLAS £+ ER fjet
7 Expected E W ATLAS p+ER+jet @ ATLAS e+ERStjet [ CMS £+ERS4jet
— Observed ] [ ATLAS Hadronic tf 3 ATLAS £1£2+ER*+jet @ ATLAS high-mass DY £
— @@ CMS high-mass DY ¢/ @ ATLAS 4/ [ ATLAS v
3 @ ATLAS ¢y @ ATLAS -+ Eiss = A/ LAS jets

),

] |

l | | |

7300 350 400 450 500 550 600 650 700 750

Mass of dark pions [GeV


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-021/

A few examples of nice recasted results!

95% CL upper limits on the squark-antisquark production

. . . 100 cross section for the A,2; coupling scenario
Slmpllfled mOdeI reSU"ZS m(§) =700 GeV, m(}) = 50 GeV
Measurement-based pipeline

=== ATLAS --- MAS

10% { M(§) = 1600 GeV, m(¥3) = 1300 GeV
=s= ATLAS — = MAS

Reco-level smearing pipeline

2112.05163 -> MadAnalysis 5 uses SUSY-2017-04 to
set limits on long-lived vector-like leptons

Upper limit on cross section [fb]

Issues with validation: potential
problem with re-interpretation -2

material (or analysis?) wo o n}i’fm, * “
Makes use of: .
- Cutflows and benchmark model
descriptions to write+validate
runnable code snippet
- Per-object efficiency maps .
This step could be made MUCH with 10 -
SimpleAnalysis (but with smearing functions!) = K
SA <-> MadAnalysis converter? 10 —

0 200 400 600 800 1000 1200 1400 1600
VLL mass [GeV]




One last thing: summary of the most recent Re-
interpretation Forum workshop

(Re)interpretation of the LHC results for new physics https://conference.ippp.dur.ac.uk/event/1178/

29 August 2023 to 1 September 2023
Durham University
Europe/London timezone

ORI *** A national train strike on Friday, Sep 1, risks to make travel from the workshop exceedingly

Registration difficult! We're therefore trying to adapt the workshop program, accommodating the Friday talks on
Wed/Thu instead. Please regularly check the timetable for short-notice updates. ***

Call for Abstracts

Timetable

Code of Conduct

Contribution List

students postdocs senior/profs  n.a.

Participant List

Practical Information

70
60

Travel to Durham
Accommodation
L Internet & Wi-Fi Access

Local Organisers' Contact
Info

X3 jack.araz@durham.ac.uk

40
30

& michael spannowsky@d

10 | [ R —

This is the 8th general workshop of the “Forum on the interpretation of the LHC results for BSM 0
studies”, or LHC Reinterpretation Forum (RIF) for short. It aims to review new developments on the

tools, phenomenology, and experimental sides and to prepare for the Run 3 results of the LHC. In this ATLAS CMS Other exp' theory/tOOIS
context, the major topics of this workshop will be:




One last thing: summary of the most recent Re-
interpretation Forum workshop

» Software and Tools: updates from GAMBIT, CONTUR, CheckMATE, SModels,
Mapyde (@ Madgraph+Pythia+Delphes) teams, and others.

 HEPdata updates: Bidirectional linking: allows theory predictions to be linked to
the records which use them, and vice versa

« Shareability of stat and ML models: eg new tool spey, a hub of various likelihood
implementations for hypothesis testing

* PDFs: updates on latest challenges and prospects of using LHC data



https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#24-gambit-update-and-results
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#22-progress-and-plans-for-cont
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#13-signal-region-combination-i
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#28-new-developments-in-smodels
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#10-reduce-reuse-recycle-an-end
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#38-bidirectional-linking-in-he
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#36-hep-statistics-serializatio
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#15-spey-smooth-inference-for-r
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#31-lhc-data-for-pdf-determinat
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#3-testing-the-scalar-triplet-s
https://conference.ippp.dur.ac.uk/event/1178/timetable/?view=standard#5-global-constraints-of-the-el

Summary

e Analysis Preservation is an important part of the analysis lifecyle:
* Analyses with HEPData entries have >40% more citations on average.

e There is a buzzing ecosystem of re-interpretation:
* Theorists are desperate to use experimental results if they can !
» Experiments can make their life easier by providing complete and validated material
(+ avoid them making mistakes / using WebPlotDigitizer to scrape values)
» Good re-interpretation material mens more impactful results in the long run
 Lots of types of re-interpretation

* Experiments do put plenty of information on HEPData, ready to exploit!
* Sometimes you may find there is info missing to allow an accurate re-interpretation : it's
important to let the collaborations know if that's the case, to try to do better next time
* Not always possible to fix things post-hoc (people move on...)

e Possible " "> include , SO they can be more
easily/automatically exploited in the "measurement based pipeline"?
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A few examples of nice recasted results!

Simplified model results

2302.02735 -> Recast LLP searches to 2ZHDM+a
(same final states/kinematics, no event gen needed!)

2306.17676 -> SModelS ML-assisted search of Z»-
symmetry model-space. Uses efficiency maps and
preserved pyHF likelihoods

Makes use of:

- Published limits in ATLAS papers
Per-object efficiency maps as a
function of kinematics
Pyhf likelihoods to repeat the fits

400

300

mye [GeV]

100

SModelS v2.3.0: observed exclusion by most constraining analysis

" - i
.l

1
200

400 600 1000 1200

my= [GeV]
JCitations!

not excluded
ATLAS-SUSY-2018-41
ATLAS-SUSY-2019-08
ATLAS-SUSY-2019-09
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-32
ATLAS-SUSY-2013-12
CMS-SUS-17-004
CMS-SUS-16-039
CMS-SUS-18-004
CMS-SUS-20-001
CMS-SUS-21-002
CMS-SUS-13-006




A few examples of nice recasted results!

Simplified model results
Measurement-based pipeline

2105.08494 -> CONTUR exploiting Rivet of SM 5
measurements, control-region measurements (an-

1.0 7

0.8 1

0.6 1

ATLAS exclusion at the
time CONTUR paper

1808.02343

LAARR RRAMA ARARA RRAAS R
ATLAS

Vs =13 TeV, 36.1 b"

VLQ combination

published

some searches) to search for dark mesons g 047 | EE—
2006.07172 -> CONTUR exploiting Rivet to 0.2 1 ®
exclude VLQ regions complementary to ATLAS 0o Figure 4: Observd ower imits o
00| 02 04 06 Only superseded O(2)
. BR(B —+ tW) years later by ATLAS
Makes use of. CONTUR sensitivity direct search

- Truth-level rivet routines (runnable

Gt Observed lower mass limit

Y SU(2) doublet
O SU(2) singlet

BR(T — Wb)

t (GeV]
BR(B — Hb)

0809 1

95% CL on the mass of
B(T — Wb) = 1 and B(
for the SU(2) singlet and
[.Q mass [8].

: comes mainly from Z+jets I oark 2131 Gombiaton [J]]1590 §
code snippets) measuremen)’;s ' : TR e W
- Published differential : s N T
L] glet E
cross-sections S _ I " ed AN ... 3
- Published MC predictions for those borge rfgl|o|gs also exclude o\ AN o
cross-sections (important!) y Lontrol-kegion AR o0

measurements from 2019 . NN

o). 10203040506070809 1

LQ search! EXOT-2018-58 BR for T > Wb

*Full disclosure: | am co-author of
this CONTUR paper




A few examples of nice recasted results!

Simpl ified mOdeI resu Its 1000 G-EWMSSM. 1o and 20 CL regions. GAMBIT 2{0 0
Measurement-based pipeline AN
N o
Reco-level smearing pipeline 800 Hos &
] o
2112.05163 -> MadAnalysis 5 uses SUSY-2017-04 to S 600 1, £
set limits on long-lived vector-like leptons 3 12
2303.09082 -> GAMBIT uses 15 ATLAS searches % 400 1 =
from SUSY+EXOT+HDBS (+12 CMS) + CONTUR S / -
database to explore MSSM with eV-scale gravitino o
200 > H
_'1 &
3.1 LHC searches 200 400 600 800 1000
Makes use of: e lelihood contaibution from LEC soatcho is based
he likelihood contribution from > searches is base Mo (GeV)
- Cutﬂ owsSs and benCh mark model on passing simulated signal events through our emu- X
] . \ ] lations of the 13 TeV ATLAS and CMS searches in
descrl ptlons tO Wr|te+va| |date Refs. [100-126]. Reproducing a collider search to suffi-
. cient accuracy can be challenging, e.g. due to limited
runna ble COd e sni ppet available information about technical details of the anal-
. s ysis, or due to limitations in the tool-chain used for fast
- Pe r-o bJeCt effICIenCy mapS event simulation. In some cases we can therefore only
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