Q SORBONNE
b UNIVERSITE

Benjamin Fuks

LPTHE / Sorbonne Universite

High-energy physics seminar

Institut Jozef Stefan — 23 October 2025

Seeking a coherent explanation of LHC excesses for compressed spectra Benjamin Fuks - 23.10.2025 - |



SM extremely successful Why going beyond ?
» Agreement with a century of data * Practical limitations

* No clear sign of new phenomena * Conceptual issues

* Few experimental anomalies
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* No clear sign of new phenomena * Conceptual issues

* Few experimental anomalies

Some issues of the SM
* Naturalness of the theory / hierarchy problem ¢ Matter/antimatter asymmetry

* Neutrino masses * Lepton/quark mixings and masses
* Dark matter * Dark energy

* Gauge structure of the theory * Four-dimensionality of space-time
* Origins of CP violation * Gravity
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SM extremely successful
* Agreement with a century of data

* No clear sign of new phenomena

Some issues of the SM
* Naturalness of the theory / hierarchy problem ¢ Matter/antimatter asymmetry

* Neutrino masses * Lepton/quark mixings and masses
* Dark matter * Dark energy

* Gauge structure of the theory * Four-dimensionality of space-time
* Origins of CP violation * Gravity

SM = tip of the iceberg

* BSM exploration to solve its issues

* No clear path
=> Supersymmetry / Dark matter = (excellent) ways

—> Collider signals comprising missing transverse energy
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Why going beyond ?
* Practical limitations

* Conceptual issues

* Few experimental anomalies
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Most general quantum field theory

. . . . [M’“’, Mpd: — —i(ﬂw MPH — gHo NPV 4 VP VRO — P Mvo) ,
e SUSY natural in any generic QFT with a generic symmetry (M, PP = — (P P" — i P¥) |
. . . . 7 [TaaTb- — ifabcTc )
¢ - —) ] . . -
Necether and spin-statistics => the Poincare superalgebra QM) = o P Qy [0 M| = 5%, OF
* Unification of the external and internal symmetries {Qa; Qa} = 20"aa Py ,

[QaaR] — Qa ) [QaaR] — _Qd’ ’
[P'uapy] — [Pﬂan] — [P,UnQd] — {QQ7Q,B} — {Qaaéﬁ} — O )
[ Coleman, Mandula (PhysRev ’67) ] |Ta, P*| = [To, M*| = [Qa, To] = [Qs,Ta] =0 .
[ Haag, Lopuszanski, Sohnius (NPB ’75) ]
[ BF (Habilitation Thesis, 2014) ]

=> Algebra: 180(1,3) X g;,, @ fermionic part
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Most general quantum field theory

e SUSY natural in any generic QFT with a generic symmetry
* Ncether and spin-statistics => the Poincare superalgebra

* Unification of the external and internal symmetries
—> Algebra: t30(1,3) X g;.. @ fermionic part

[ Coleman, Mandula (PhysRev ’67) ]
[ Haag, Lopuszanski, Sohnius (NPB ’75) ]

[ BF (Habilitation Thesis, 2014) ]

Representations of the Poincare superalgebra

* Minimality: | supercharge

* SM states associated with superpartners of opposite statistics

QIF) = |B)

Q|B) = |F)

T —
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[ Ben Gilliland (STFC) ]

L

[ MM Mpa: — i(ﬂw MPH — b NPV 4 PP N[HT _ e M”") ’
[M“V, pp: — i(?’]'/pP" _ n#ﬁpl/) ’
[TaaTb: — i.fabcTc )
[QCM,M“V: — O.;U/a,B Qﬂ ) [QdaM”V] — aﬂudg Qﬂ )

{Qa, Qa} = 20"0a Py ,
[Qa, R = Qa [Qa, R] = —Qa ,
[P*,P"] = [Pu,Qa] = [P, Q%] = {Qa, Qs} = {Qa, Q3} =0,
[Ta, P*] = [To, MM] = [Qa, Ta] = [Qa, Tu] = 0.

Supersymmetry broken
* No observation of a SUSY state with a SM mass

* Unknown breaking mechanism
=—> | 00s free parameters
—> Simplest options: 5—10 parameters
(supergravity, gauge mediation, ...)
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Scalar masses protected with respect to quantum corrections

* Hierarchy problem fixed [ Witten (NPB ’81) ] MR

« SUSY breakingsoft NS ______ ‘et

* Superpartners not too heavy => strong motivation for the LHC
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Scalar masses protected with respect to quantum corrections

* Hierarchy problem fixed [ Witten (NPB *81) ]
e SUSY breaking soft

* Superpartners not too heavy => strong motivation for the LHC

3 of —1/a, RG running of the gauge couplings
ﬁ -
o —l/a, * Superpartners in the loops
- [ Ibanez, Ross (PLB ’81) ]
- : : : : Di los, Raby, Wilczek (PRD ’81
W » Unification at high energies [ ”'mepouios Raby, Wilezel( )]
o —
- ~
200
10—
R S R [ R

0g(Q/GeV)
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Scalar masses protected with respect to quantum corrections

* Hierarchy problem fixed [ Witten (NPB ’81) ] _"_<>"" I,”\\
. SUSY breakingsofe NS N

* Superpartners not too heavy => strong motivation for the LHC

3 of —1/a, RG running of the gauge couplings
ﬁ -
o —l/a, * Superpartners in the loops
- [ Ibanez, Ross (PLB ’81) ]
- : : : : Di los, Raby, Wilczek (PRD ’81
W » Unification at high energies [ ”'mepouios Raby, Wilezel( )]
o —
- ~
200
10—
0g(Q/GeV)

R-parity conservation  Farrar, Fayet (PLE'78) 1
* SM states: R=+| / SUSY partners:R = -|
* Proton stability
* Lightest SUSY state: DM candidate (if neutral/colourless)

* Missing transverse energy and pair production at colliders R— —
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Typical MSSM searches at the LHC (with R-parity)

* Missing energy and visible objects (jets, leptons, etc.)
—> Stringent bounds deep in the TeV regime
—> Both for strong and EWV superpartners
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Interpretation on simplified models

* SM + few states
—> Generally 2 or 3 free parameters (masses)

W/B constraints with jets, leptons and MET

0OCMS 137 (129) fo™' (13 TeV)
— 7
> PP, WIK, e Expected
O] B 2/3| soft
— 600— 2SS|/23 — Observed
éx - —— 2lonZ
500~ ——— Hadr. WX
| ——— Combined
400— an
300
B Bl S
200
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Is SUSY in bad shape !
* Not really: MSSM-inspired simplified models
—> Most superpartners decoupled
—> Specific decay table

* Signatures typically more complex
=—> Constraints not necessarily that strong
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Is SUSY in bad shape !

* Not really: MSSM-inspired simplified models 1200
—> Most superpartners decoupled
—> Specific decay table 1000 - 0.8
* Signatures typically more complex 200
=—> Constraints not necessarily that strong N -0.6
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1000 00 Example: ATLAS pMSSM scan (20,000 scenarios)

* Points survival (almost) at all masses

e Combining analyses not too helpful to kill SUSY

[ ATLAS (JHEP24) ]
e S
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Searches for SUSY will continue (during Run 3 and beyond)
e Great: SUSY e test ground for many BSM theories

—> Shared signatures with numerous models

* Requires ability to reproduce/recycle the analyses
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Reinterpretation based on simulations

* Detector modelling mimicking ATLAS / CMS

* Development of full frameworks
—> |[mplementations of searches (and validation)
—> Event yields from simulated signals

!"Ep PusLisnen 1ok SISSA By €) S*RINGER

RECEIVED: August I3 2919
Avcxrrer October 9 2009
Pususue October 235 2019

Search for supersymmetry in proton-proton collisions
at 13 TeV in final states with jets and missing
transverse momentum

Cins, |
.

[ S

The CMS collaboration

E-mail; cms puktlicatien ceamittes cheir®cern.ch

AsSTRACT: Resulls are reperted fram a search for supersymmetric particles ia the final
state with muoltiple jets and large missing transverse momentem The search uses a sample
of proten-praton eoll sions at /s 13 TeV collocted with the CMS dotectar m W16-2018,

! reprosenting cssertially the fall LHC

cocresponding o an integrated luminosity of 137 fb
Run 2 data sarnple. The analysis s performed in a four-dimensional search region defived
in terms of the aumber of jets, the number of tagged bettom quarg jts the scalar sum of
jet transverse momenta, and the magnitude of the vector sum of jet transverse momenta.
No sgrifiecant exooss in the pvent yield is owerwnd relative ta the expoctec backgronnd
ooatribations from standoad mode procoescs, Limits on the jair production of glumos and
sopauks arne obtained in the framework of simplified mwodels fie supersynnstiic particle
production and decay processes. Assuming the lighvest supersymmetric particle 1o be a
neutialino, lower Emits on the gluino mass as arge as 2000 to 2310GeV are cbtained at
95% confiderce level whil: lower limits on the squatk mass as large as 1190 te 1630 GeV
are obtainad, depending on the pradaction seeraro

KEYWORDS: Hadron-Hadron scaviering (experiments), Supersymmetry

AxXiv EPRINT: 190804722

Opex Acowss, Copyright CERN ht-pe/ /doi cng /101007 / THEP 10(20%)244
for the bemefit of the PVS Callabherasion
Arick fundsd by SCOAP

Monte Carlo events

Public

. . material
Detector simulation

[ Dumont, BF, Kraml et al. (EPJC’15) ]
R
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[ 4

Reinterpretation based on Simplified Model Spectra (SMS)
* Decomposition of theory signatures into SMS signatures
* Fiducial cross sections on the basis of public efficiency maps

* Comparison to published upper bounds
—> Validation: reproduction of existing bounds

b\
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e
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‘e
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SLHA or } Experimental
LHE input . Analyses
L cessnsasssssssssssss (52
= T
3 .
—_—
o
L
~ Decompose | |
®
o Combine Compare
E Topologies with
> Upper Limits
Tl
e —— i ——— EEEERea

e Often conservative

—> # kinematics, asymmetric decays
—> Rather fast
=> Fair estimates of bounds
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Picking up an experimental publication
* Reading / understanding

Relatively easy

B e mamanae

Writing the analysis code in the tool internal language

Accurate information for proper validation
» Efficiencies (trigger, e*, u*, b-tagging, JES, etc.)

e Detailed cut-flows for well-defined benchmarks .
—> [nformation for all SRs A Essential
. X Often difficult!
—> Exact definition of benchmarks (spectra) e ——eee et
—> Event generation information (cards, tunes)

* Digitised histograms (e.g. on HEPDATA)

* Reproduction of exclusion contours
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Wishlist for high-quality recasts

* Background estimates
—> usually provided (not systematic)

 Efficiencies
—> To be provided as tables / functional forms
—> To be broken down in sub-efficiencies (trigger, etc.)
—> Efficiency maps for SMS-based recasting

* Validation material (crucial):
—> SLHA files, MG5 aMC cards, PYTHIA8 cards, etc.

—> Cut-flows for given benchmarks
—> Not systematic (sequence, details, all SRs)

Improved recast material over the years
* Publications clearer, HEPDATA widely used
* Better EXP/TH communication
e Still improvable

[ The Reinterpretation Forum (SciPost 20) ]

Seeking a coherent explanation of LHC excesses for compressed spectra

Scil SciPost Phys. 9, 022 (2020)

Reinterpretation of LHC results for new physics:
status and recommendations after run 2

The LHC BSM Reinterpretation Forum

Abstract

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
Reinterpretation Forum. We detail current experimental offerings in direct searches for
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-
isting software reinterpretation frameworks and recent global analyses of new physics
that make use of the current data.

Copyright W. Abdallah et al. Received 02-04-2020 )
This work is licensed under the Creative Commons Accepted 06-08-2020 Che‘ck o
Attribution 4.0 International License. Published 21-08-2020 updates
Published by the SciPost Foundation. doi:10.21468/SciPostPhys.9.2.022

Waleed Abdallah!?, Shehu AbdusSalam?®, Azar Ahmadov*, Amine Ahriche>®, Gaél Alguero’,
Benjamin C. Allanach®*, Jack Y. Araz’, Alexandre Arbey'®!! Chiara Arina'?, Peter Athron!3,
Emanuele Bagnaschi'®, Yang Bai'®, Michael J. Baker'®, Csaba Balazs'?,
Daniele Barducci'”18, Philip Bechtle!?*, Aoife Bharucha??, Andy Buckleyzn,
Jonathan Butterworth??*, Haiying Cai*®, Claudio Campagnari®*, Cari CesarottiZ>,
Marcin Chrzaszcz?®, Andrea Coccaro?’, Eric Conte?®??, Jonathan M. Cornell®°,
Louie D. Corpe??, Matthias Danninger>', Luc Darmé>?, Aldo Deandrea'®, Nishita Desai®
Barry Dillon®*, Caterina Doglioni>®, Matthew J. Dolan'®, Juhi Dutta®®, John R. Ellis®’,
Sebastian Ellis*®, Matthew Feickert*°, Nicolas Fernandez®, Sylvain Fichet*!,
Thomas Flacke*?, Benjamin Fuks*>***, Achim Geiser®*, Marie-Héléne Genest’,
Akshay Ghalsasi*®, Tomas Gonzalo'3, Mark Goodsell*3, Stefania Gori*®, Philippe Gras?’,
Admir Greljo!!, Diego Guadagnoli*®, Sven Heinemeyer**°%>!| Lukas A. Heinrich!!*,

Jan Heisiglz*, Deog Ki Hongsz, Tetiana Hryn’ov353, Katri Huitu®?, PhiliB Iten®>,
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COLLIDERBIT: W/B constraints

T with recursive jigsaw
- ATLAS_RJ 3lep
. 9 GAMBIT
300 | == ATLAS observed
. | === ATLAS expected
- i
Q
O 200
e i
Q =
~
100
- N
|
S
Yoot
100 200 300 400 500
Myt = mgg (GeV)

Excellent agreement with ATLAS

e Wino/bino scenarios (W decays into EW bosons)

* Not necessarily easy to get

* Using the ‘best expected region’
—> Works well here

600
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Excellent agreement with ATLAS

* Stau-neutralino scenario (7 — tjy decays)

* Using the ‘best expected region’

—> Often off when correlations matter

MADANALYSIS 5: 7/¥7 constraints

with the m, variable
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Better limit settings procedures

* Signal region combination
—> CMS correlation matrices (Gaussian-approximate likelihoods)

N (us; + b, + 0" e~ Hsithi+0) ( 1 >
exp

Zswu0) =11 , —=0"V'0
e n;! 2

[ CMS-NOTE-2017-001; Buckley et al. (JHEP 19) ]

=> ATLAS (fu||) PYHF likelihoods [ Heinrich, Feickert, Stark & Cranmer (JOSS’21) ]
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Better limit settings procedures

* Signal region combination

—> CMS correlation matrices (Gaussian-approximate likelihoods)

N ( Us; + bi + ei)ni e_(ﬂ5i+bi+9i)

Zswu0) =]

i=1

[ CMS-NOTE-2017-001; Buckley et al. (JHEP'19) ]

1
cXp (—EQTV_16>

n;!

=> ATLAS (fu||) PYHF likelihoods [ Heinrich, Feickert, Stark & Cranmer (JOSS’21) ]

EEmaaaa

MADANALYSIS5: W/B constraints with

standard ewkino variables

350 CMS-SUS-16-039
[ /s=13TeV, 35.9 b, 95% CL

100

||||||||||||||||||||||

MADANALYSIS 5—expected limit
with simplified likelihood

MADANALYSIS 5—expected limit _.....,
with best signal region : :

PR
«®
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[ (zz 3s0d»S) jwea)] B 49 ‘zeay ‘ouand|y ]

Combination mandatory
* Wino/bino scenarios (W decays into EW bosons)

|00+ SRs; signal over #SRs

Gluino search with jets and MET

pp — G, §— X3

- CMS-SUS-19-006
/s =13 TeV, 137 fb~", 95% CL, @ NNLOapprox. + NNLL

[ — CMS expected limit (+10exp)

[ asesass SPEY—aposteriori expected limit
SEREEEEEE with correlated background model (£10exp)

[ eaenna. SPEY—aposteriori expected limit
R with third moment expansion (+10exp)

[ e SPEY—aposteriori expected limit
[ e with effective sigma (£10eyp)

[ (b 3sodis) zeay ]

Top-philic gluino scenarios (g decays into top and E;niss)

Sensitivity reduced with the ‘best region’ only
Covariance matrices and PYHF models crucial
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SMS-based
* SMODELS [O(100) analyses, from GITHUB]

* Validation example (ATLAS-SUSY-2018-32)

—>W/B scenario with 2 leptons and E7

—> PYHF model crucial
[ Kraml et al. (EP)C’14); Alguero et al. (JHEP’22) ]

[ Altakach et al. (SciPost’24) ]

* Dark photons: DARKCAST [from GITLAB] [ liten et al. (JHEP’18) ]
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SMS-based
* SMODELS [O(100) analyses, from GITHUB]

* Validation example (ATLAS-SUSY-2018-32)

—>W/B scenario with 2 leptons and E7

—> PYHF model crucial
[ Kraml et al. (EP)C’14); Alguero et al. (JHEP’22) ]

[ Altakach et al. (SciPost’24) ]

* Dark photons: DARKCAST [from GITLAB] [ liten et al. (JHEP’18) ]

1000
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[ Edelhauser, Kramer, Sonneveld (JHEP’15) ]
S benataiet o t— :

ATLAS-SUSY-2018-32

AT o W B

250 | I I I I l I
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SMODELS === SModelS: best SR
200 — — = SModelS: comb. 36 SRs (pyhf, simp. HF) _
—— SModelS: comb. 36 SRs (pyhf, full HF)
150 — observed exclusion __

e R
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Simulation-based; detector modelling with transfer functions
* COLLIDERBIT [O(40) analyses, from HEPFORGE]

[ Balasz et al. (EPJC'17) ]

* HACKANALYSIS [O(10) analyses, from IN2P3]

* Validation example (CMS-EXO-19-010)
—> Disappearing tracks and winos

[ Goodsell & Priya (EPJC 22) ]

—> Cut-flow comparisons

* MADANALYSISS/SFS [O(15) analyses, from GITHUB/MASDATAVERSE]

[ Araz, BF & Polykratis (EPJC 21) ; Araz, BF, Goodsell & Utsch (EP)JC 22) ]

* RIVET [O(30) analyses, from HEPFORGE]
[ Buckley et al. (2010); Bierlich et al. (SciPost 20) ]

Seeking a coherent explanation of LHC excesses for compressed spectra

Cut 700 GeV, 10cm, region 2018A
HACKANALYSIS e M3 es'™ HEPMC '™ HEPMC,
no pileup
Total 1.0+ 1.01000 1.0
Trigger 157005 x 1071 157901 x 107! 157001 x 107!
Passes p?iss filters 1.4“:8:8% x 1071 1.5“:8:8% x 107! 1.5“:8:8} x 107!
puiss > 120 GeV 141002 x 1071 1517900 x 1071 1.51000 x 107!
> 1 jet with py > 110GeV and || < 2.4 1379002 x 1071 1.370 x 1071 1.31900 x 107!
==0 pairs of jets with Agjer, jet > 2.5 L1900 x 1071 11190 x 1071 111900 x 107!
| A (leading jet, ps%)| > 0.5 1o x 1071 11fgdl x 1071 1.1F501 x 107!
> 1 track with || < 2.1 L1T0 x 1071 11190 x 1071 111900 x 107!
> 1 track with pr > 55GeV 477000 x 1072 461000 x 1072 4.67000 x 1072
> 1 track passing fiducial selections 3.1“:8:82 x 1072 3.6’:8:82 x 1072 3.6’:8:82 x 1072
> 1 track with > 4 pixel hits L7000 x 1072 271002 x 1072 2.770:02 x 1072
> 1 track with no missing inner hits 171000 % 1072 2.0%003 x 1072 2.07007 x 1072
> 1 track with no missing middle hits 151002 x 1072 201903 x 1072 2.07004 x 1072
> 1 track with relative track isolation < 5%  5.3703; x 1073 6.07023 x 1073 6.210%3 x 1073
> 1 track with |dyy| < 0.02cm 517033 x 1073 6.017073 x 1073 6.27973 x 1073
> 1 track with |d;| < 0.5cm 517031 x 1073 6.01073 x 1073 6.27073 x 1073
> 1 track with AR(track, jet) > 0.5 491031 x 1073 59902 x 1073 6.17973 x 1073
J 0.31 0.22 0.23

[ (zz Ofd3) ehid 8 |I9spooD ]
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https://gambit.hepforge.org
https://goodsell.pages.in2p3.fr/hackanalysis/
https://github.com/MadAnalysis/madanalysis5
https://dataverse.uclouvain.be/dataverse/madanalysis
https://rivet.hepforge.org/
http://dx.doi.org/10.1140/epjc/s10052-017-5285-8
https://doi.org/10.1140/epjc/s10052-021-09052-5
https://doi.org/10.1140/epjc/s10052-022-10511-w
http://dx.doi.org/10.1016/j.cpc.2018.06.023
https://dx.doi.org/10.21468/SciPostPhys.8.2.026
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://doi.org/10.1140/epjc/s10052-022-10188-1
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Simulation-based; DELPHES 3 detector modelling
* MADANALYSIS 5 [O(50) analyses, from GITHUB/MASDATAVERSE]

 CHECKMATE [O(50) analyses, from GITHUB]

* Validation example (CMS-EXO-16-022)
—> Displaced stop in an eu pair

[ Dumont, BF, Kraml et al. (EPJC’15) ]
[ Conte & BF (IJMPA'19) ]

=> Detailed information crucial [ Derks et al. (CPC'17) ]

107 ;
MADANALYSIS 5

—~ 104
c .
L CMS-EXO-16-022
'G m— (CMS observed ,'
X oo == == MadAnalysis 5 (Uncombined) //
© : MadAnalysis 5 (Combined) P
g— _ CMS expected +20 (/
2 | B CMS expected 10
2 .
= 1071

1072

200 300 400 500 600 700 800 900

Top squark mass (GeV)

[ Araz, BF, Goodsell & Utsch (EP)C’22) ]
R ———— —esemmm—eSSO
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https://github.com/MadAnalysis/madanalysis5
https://dataverse.uclouvain.be/dataverse/madanalysis
https://github.com/CheckMATE2/checkmate2/tree/v3.0beta
https://doi.org/10.1016/j.cpc.2017.08.021
https://doi.org/10.1140/epjc/s10052-014-3242-3
https://doi.org/10.1142/S0217751X18300272
https://doi.org/10.1016/j.cpc.2017.08.021
https://doi.org/10.1140/epjc/s10052-022-10511-w
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Application: Dirac gauginos at the LHC

* Model not considered by ATLAS/CMS

—> Full scan of the EVV sector of the model

—> Constraints (EVVPT, relic density, etc.)

Seeking a coherent explanation of LHC excesses for compressed spectra

300.0

[ Goodsell, Kraml, Reyes-Gonzalez & Williamson (SciPost’20) ]

Model’s coverage at the LHC
* Points excluded by SMODELS (with r = [)

= DM funnels
—> Larger set of analyses than other tools

* Comparison with full recasts (from MADANALYSIS 5)
—> SMS approach more conservative and faster
—> Full recasts sensitive to complex spectra/signatures

Benjamin Fuks - 23.10.2025 - |7



https://doi.org/10.21468/SciPostPhys.9.4.047

m&.\mm I SRR X T m@

LHC recasting ARB .”:

¢ Constraining SUSY mcdels ~ M'rm&‘mmmm R TRABOR A%
—> Beyond those addressed in LHC searches
=> Minimal and non-minimal setups

Excesses in SUSY searches at the LHC
e Quantifying
* Interpreting

* Tools needed!

Che Pivers oof the @pocaflvpac

Seeking a coherent explanation of LHC excesses for compressed spectra Benjamin Fuks - 23.10.2025 - 8



Numerous LHC searches for ewkinos with leptons and £

* Many signatures
=> 3 leptons + Ep (ATLAS-SUSY-2019-09, CMS-SUS-19-012)
—> 2 soft leptons + Ep (ATLAS-SUSY-2018-16, CMS-SUS-18-004)
=> Combination (CMS-SUS-21-008)

e Even more analyses now (conventional dilepton + £7)

Benjamin Fuks - 23.10.2025 - 19
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Numerous LHC searches for ewkinos with leptons and £
* Many signatures
—> 3 leptons + £ (ATLAS-SUSY-2019-09, CMS-SUS-19-012)
—> 2 soft leptons + Er (ATLAS-SUSY-2018-16, CMS-SUS-18-004)
— Combination (CMS-SUS-21-008)

« Even more analyses now (conventional dilepton + E7)
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Higgsinos, 37

ATLAS

Vs=13 TeV, 139 fb™
All limits at 95% CL

- - Expected Limit (+ 1o,,,)
- Observed Limit (+ 1o

— Obs. Limit off-shell

~— Obs. Limit compressed

LEP excluded

llllllllllllllllll

Compressed ewkino excesses at the LHC

Interpretations of the results
* Interpretations in various simplified models

—> Light higgsinos
= Light bino/wino (+/- = sign of the mass)

1 . . .
~0 0 0 ~+ -
~—— (A + H ) | ~ H
X1,2 /2 (:F d X1 u,d
XM ~iB,  Xa~iW?, X ~WE
Setsetapnsttlp@TT
CMS 129-137 fb™' (13 TeV)

(o))
o

’) [GeV]

» X

a1
o

1

A M

I
o

~t~0 ~0~0 . .
PP = XX, = WZ)(1)(1 (Wino/Bino)
MR x r'ﬁ;(:’ > 0, NLO-NLL exclusion

— Expected = 10, on — Observed = 1 Oiheory

[ CMS (JHEP’22) ]

Wino/Bino, 27

1 1 { | - 1 | | 1 Illllll
120 140 160 180 200 220 240 260 280 300
mg-=mge [GeV]
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https://doi.org/10.1007/JHEP04(2022)091
https://doi.org/10.1140/epjc/s10052-021-09749-7

soft Excesses compatible with a compressed spectrum

objects

 Mass differences of 10-30 GeV

optional ISR :
P * Overlapping excesses!?

* What about monojets!?

* What about complete models!?

Use LHC recasting to check out!

Seeking a coherent explanation of LHC excesses for compressed spectra Benjamin Fuks - 23.10.2025 - 20



ATLAS-SUSY-2018-16: Soft di-lepton + E7

* Selection (the second lepton could be a track)
—> | OSSF pair + E7 + at least | hard jet

—> Object isolation, m, jigsaw, etc.; bins in 1.,
—> PYHF model file

Recasting challenges

—> Using RESTFRAMES (cf. jigsaw variables) = strong impact on exclusions

—> Event generation details important for compressed spectra
—> Validated recast in HACKANALYSIS / MADANALYSIS5

* Equivalent CMS search: CMS-SUS-|8-004

Seeking a coherent explanation of LHC excesses for compressed spectra

0.05F

S

-

(F'S)
T

dr'/dmy; [GeV™!]

[ Agin, BF, Goodsell & Murphy (2024) ]

positive/negative RN

N/l \
Mmasses \

positive/

0.00 | ... ... . masses
0 5 10 15 20 25 30 35
m[f[GeV]
e —— G —— N
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https://arxiv.org/abs/2404.12423

ATLAS-SUSY-2018-16: Soft di-lepton + E7
* Selection (the second lepton could be a track)
—> | OSSF pair + Er + at least | hard jet

—> Object isolation, m, jigsaw, etc.; bins in 1.,
—> PYHF model file

* Recasting challenges

—> Using RESTFRAMES (cf. jigsaw variables) = strong impact on exclusions

—> Event generation details important for compressed spectra
—> Validated recast in HACKANALYSIS / MADANALYSIS5

* Equivalent CMS search: CMS-SUS-|8-004

[ Araz, BF, Goodsell & Murphy (2025) ]

3 « T T T T T
| MADANALYSIS 5 |+ ==~ MAS 10w, |
S0¢ Higgsinos - ALLAS

L .
“““““““
Ll —
5 ““-IIIIIIIIIII.-_——____ ---------------
L] — (LR
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—
e

HACKANALYSIS
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__//j_’_‘_’::-t —————— ---- ATLAS expected

HACKANALYSIS expected £15%

T T —— ATLAS observed
175 200 HACKANALYSIS observed +15%
m-o |GeV

70 [GeV]

e RN

[ T O[d3) Ayduanpy 8 19spooD ‘49 ‘u1dy ]

[ Agin, BF, Goodsell & Murphy (2024) ]

: ositive/negative R N
0.05F P 5 \‘,/ \\
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Recast validation

* Agreement both for exp. and obs. results
—> at lo

* Simulation details crucial
—> Ewkino decays
—> Multipartonic matrix element merging

* Cross section normalisations important
—> NLO+NLL rates (via RESUMMINO)

* Numerical accuracy important
—> Low efficiencies @ 3-20 Mevents / scenario

Seeking a coherent explanation of LHC excesses for compressed spectra
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https://arxiv.org/abs/2404.12423
https://doi.org/10.1140/epjc/s10052-024-13594-9
https://arxiv.org/abs/2507.08927

ATLAS-SUSY-2019-09: 3 leptons + E

* Selection
—> 3 leptons including | OSSF pair + small/large £ + with/without jets

—> Object isolation, lepton properties, on-shell/off-shell Z boson; bins in 71,
—> PYHF model file

* Recasting challenges
—> Event generation details important for compressed spectra
—> Validated recast in HACKANALYSIS and MADANALYSISS

* Equivalent CMS search: CMS-SUS-19-012

Recast validation

e Outstanding agreement both for exp. and obs. results

* Simulation details crucial
—> Ewkino decays
—> Multipartonic matrix element merging

* Cross section normalisations important
—> NLO+NLL rates (via RESUMMINO)

* Numerical accuracy important
—> Low efficiencies « 3-20 Mevents / scenario

- —— ATLAS (offshell)
- === MADS offshell +10y,

MADANALYSIS 5

10 Higgsinos
120 140 160 180 200 220
35 -
---- ATLAS expected
301~ HACKANALYSIS expected +15% ]
—— ATLAS observed
75 | —— HACKANALYSIS observed +15%
>
O
— 20"
=
?5 15-
S 10-
s E HACKANALYSIS
Wino/Bino

125 150 175 200 225 250 275

[ T old3) Aydunpy B 1I9spood ‘4g ‘uisy ] [ (‘dde 03) Aydunpy 3 [|I9spood ‘49 ‘zeay ]
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Monojet excesses: CMS-EXO-20-004 & ATLAS-EXOT-2018-06

* Selection
—> ATLAS: up to 3 jets, exclusive and inclusive E7 bins
—> CMS: large K7, at least one hard jet

e Signal region combination

—> No PYHF model file (ATLAS)
—> Correlation matrix (CMS) « more realistic bounds expected

* Excesses in fact clearly visible!

;Goo'lll'l"" T T T 1
[0} -
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Monojet excesses: CMS-EXO-20-004 & ATLAS-EXOT-2018-06

* Selection
—> ATLAS: up to 3 jets, exclusive and inclusive E7 bins
—> CMS: large E7, at least one hard jet

e Signal region combination
—> No PYHF model file (ATLAS)
—> Correlation matrix (CMS) « more realistic bounds expected

137 fb~1, 2016-2018 (13 TeV)

— 1200—————————— ,
>

[ CMS (JHEP’21) ]
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Recast validation

* CMS implementation achieved by CMS &
=—> |ncluding correlations

* ATLAS implementation

—> Several cut-flows (fair agreement with ATLAS)

—> Varied exclusion contours
=> No PyHF information

imit on l0g+o(M

95% CL observed upper |

[ Ag||1 (2024) ] ATLAS MadAnalysis 5-SFS
e %] ccut |%] Events e (%] 6 [%] ccut (%] Rga;

Initial (truth EJ*5 > 150 GeV) 89529 0.17

Lepton veto 94.82 85417 95.41 0.17 0.62
Njets < 89.43 76195 85.11 0.18 1.38
min[Ad(jets, EM*%)] cut 84.14 69253 77.35 0.18 8.07
Leading jet > 150 GeV and || < 2.4 58.42 47157 52.67 0.20 9.84
EST =200 GeV 17.48 39183 43.77 0.20 7.81
EMO 11.34 8509 950 0.22 16.23
EMI 9.57 7946  8.88 7.21
EM2 7.21 6226  6.95 3.61
EM3 5.33 1621  5.16 3.19
EMA 6.61 o847  6.53 1.21
EM5 3.41 2895  3.23 9.28

Benjamin Fuks - 23.10.2025 - 23
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L ‘N ¢ olf8
[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC'I1) ]

* Model building / spectrum —_ _" FEYNRULES, SARAH/SPHENO
UFO

Idea / Lagrangian

v * Hard scattering

FEYNRULES / SARAH / UFO

* Feynman diagram and amplitude generation
/ * Monte Carlo integration \ MG5 AMC
* Event generation CALCHEP (cf. MICROMEGAYS)

Matrix » Parton showers —, Detector

Elements Hadronisation Reconstruction ° QCD environment
* Parton showering
¥ .
N ¥ * Hadronisation ~ 9 PYTHIAS
Simulated collisions *Underlying event
) 5 o DELPHES
. ¢ etector simulation HACKANALYS'S
Analysis * Simulation of the detector response ~ MADANALYSIS 5 — SFS/DELPHES
—— * Object reconstruction

Scan and constraints
e Scan: BSMArt ,
* Event analysis

* LHC constraints: SMODELS  Signal/background analysis —— HACKANALYsIS / MADANALYSIS 5 / SPEY
* Higgs constraints: HIGGSTOOLS x LHC recasting

* DM constraints: MICROMEGAS
* Cross sections: RESUMMINO

Seeking a coherent explanation of LHC excesses for compressed spectra Benjamin Fuks - 23.10.2025 - 24
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Spectrum:

* Two light neutralinos M = Lomoo+mo0)
. . 1 2 12 Zl
* One chargino with mass half-way I

ATLAS/CMS ewkino searches with leptons

* Clear excesses in both experiments =~~~ CMS EWino expected

- (CMS EWino observed
> Am 10.30] GeV
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= m)?(z) ~ 180 GeV —  ATLAS EWino observed

‘\ I

I
S / >
N ' 09,
30 \\ : =

\ @
\ |
AN | ®
\ \ m
\\ \
i N \ Q)
25 \ \ ()
\ \ o
) \
N \ Q
\ \ (7]
3 R \ .
\ —
o 20 1 B \\
Q. \\\ \\ ”
~
-~
oQ +\‘\ \ 5
R 154 - ~a \ o
~ .. N \ -
'. \
15 ", S \ X
~,.'. \\ ‘| £
’o. \\4 1
e, ; AN -
10 - * RAL 7 oo
.'n. .' ‘o // / o
> / N
“0.... /’———‘ e
',. __1‘,= -= H
.." ———————— *
- -
5 '-N.-‘) ’__—;';:;’_ ———— ‘
- —— “
N —— = 2= . ‘
n--—"""\ _________ "’.
0 _————__

200 220

Seeking a coherent explanation of LHC excesses for compressed spectra

Benjamin Fuks - 23.10.2025 - 25


https://doi.org/10.1016/j.physletb.2024.138597

Spectrum:

* Two light neutralinos 1

my+ = = (m.o+m_.o)
. . 1 2 12 Zl
* One chargino with mass half-way S
ATLAS/CMS ewkino searches with leptons
* Clear excesses in both experiments =~~~ CMS EWino expected
—— CMS EWino observed
- A 1 GeV
m € [10,30] -== ATLAS EWino expected 310«
= Mg ~ 180 GeV —— ATLAS EWino observed

Significant excess in the CMS monojet search

* ATLAS monojet search insensitive (but also with excess)

—> Not exploitable in a good way (as expected)
""" ATLAS monojet expected

------ CMS monojet expected
— = (CMS monojet observed
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Spectrum:

* Two light neutralinos 1

* One chargino with mass half-way — S

ATLAS/CMS ewkino searches with leptons

* Clear excesses in both experiments =~~~ CMS EWino expected

—— (CMS EWino observed
-> A 1 GeV
m & [ 0930] === ATLAS EWino expected :I:IO'exp
> M~o ~ 180 GeV

X5 ——  ATLAS EWino observed

Significant excess in the CMS monojet search

* ATLAS monojet search insensitive (but also with excess)

—> Not exploitable in a good way (as expected)
""" ATLAS monojet expected

* Special monojet points CMS monojet expected

—> Bestfit (¢ ):u~ 1;p ~0.05
—> Most significant (® ):u ~ 1.4;p ~ 0.02
—> Other good point (¥ ):u ~ 1.5;p ~ 0.04

* Overlap with the multi-leptonic excesses not trivial

— = (CMS monojet observed

= Very few multilepton events in the special scenarios
—> Beyond simplified models
—> Favoured by DM
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

! B L I IR RN
Wino-bino models Signal features o2 — (mgg = my, Am) = (190,8) GeV
* Dark matter: bino LSP with mixings and compression * Excess in some m,, bins o0 Jdo- _
=> Sub-GeV co-annihilating DM (unlike Higgsinos) — Need for m,, in [5,20] GeV 3 | :
Q0.08— 1
—=> 70 GeV mass splitting needed « region of interest —> Tails not populated H

~0.06 — —

b _
« Mass spectrum featuring m; 70 < Mg ~ My  3-body decays mandatory im;_ I -
* Constraints: Higgs bosons; other LHC signals : | :
* Scan of the ewkino parameter space (mainly M, M2) F E
0'000_ o ; T }1 T tIS o 8j - 10
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

B
Wino-bino models Signal features 02| T (mg =y ) = (190,8) Gev ]
* Dark matter: bino LSP with mixings and compression * Excess in some m,, bins o -
—> Sub-GeV co-annihilating DM (unlike Higgsinos) —> Need for m,, in [5,20] GeV %, ;
Q0.0S— ]
—> )0 GeV mass splitting needed « region of interest —> Tails not populated F o :
~0.06 — —
. 2006 :
e Mass spectrum featuring Mg < Mg ~ Ny e 3-body decays mandatory Tb - i
* Constraints: Higgs bosons; other LHC signals : :
. . 0.02 — —
* Scan of the ewkino parameter space (mainly M;, M;) : :

, ool Lo b b T
Overlapping excess! 0 : o GoVI’ 8 L

* Significant ATLAS-2£2/CMS-monojet excesses

° ° ° ° ° 25 - VER \BUNDANT
Individual special points shown g S
= My ~ 260 — 290 GeV; Am € [7,20] GeV R e

20 A o o
* ATLAS-22 best fit point:
—> Signal strength close to |, some overlap with monojets g .|
=> Not very far from the DM band! = T
: : : . . .. T — *
* CMS best monojet points insensitive to leptonic signals SO
Point ATLAS 2¢ best fi ATLAS 2¢ most significant ® CMS monojet best fit % CMS monojet most significant &« \\\/ _________________ o
(m ig,Am) [GeV] (273,16.3) (284,20.0) (287,7.30) 258,11.8) L T
51 \\\
(p, i) [ATLAS 2¢] (0.047,1.12) (0.041,1.26) (> 0.5, < 0.1) (0.290, 0.30) CMS- N
(p, i) [ATLAS 3¢] (> 0.5, < 0.1) (0.426, < 0.1) (> 0.5, < 0.1) (> 0.5, < 0.1) \_m\onojet T
(p, A) [CMS monojet] (0.098,1.58) (0.065, 2.33) (0.049,1.15) (0.044, 1.40) : , , | LT
(p, i) [ATLAS monojet] (0.277,1.21) (0.163,2.44) (0.127,1.53) (0.277,0.879) 200 220 240 260 280
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Singlino+higgsino models

1 3
e NMSSM @ solution to the u problem Whmssu 2 ASHHa + 345

e Singlino LSP with small higgsino mixing (4 light ewkinos) Virissm 2 Aad SH Hy + %AKKS3

—> No higgsino DM under-abundance

=> Annihilations into EW bosons; co-annihilations to quarks st € [100,250] GeV
e LHC signals: mostly higgsino-driven k€ [1,20] x 1073 S/H mixing
* Constraints: properties of Higgs bosons; other LHC exclusions § € [0.01,0.20] such that
* Scan of the singlino/higgsino parameter space tanf € [8,20]
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Singlino+higgsino models

1 3
e NMSSM @ solution to the u problem Whmssu 2 ASHHa + 345

* Singlino LSP with small higgsino mixing (4 light ewkinos) Virissm 2 Aad SH Hy + %AKKSG

—> No higgsino DM under-abundance

=> Annihilations into EW bosons; co-annihilations to quarks st € [100,250] GeV
e LHC signals: mostly higgsino-driven k€ [1,20] x 1073 S/H mixing
* Constraints: properties of Higgs bosons; other LHC exclusions § € [0.01,0.20] such that
* Scan of the singlino/higgsino parameter space tang € [8,20]
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Signal features

* Tail in chargino pair production
—> Challenge for excess explanation!?

* Neutralino channels
—> Good m,, features!

l l | | I l | |
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

20.0 A

Point ATLAS 2¢ best ATLAS 2¢ second best ® CMS monojet best fit Y CMS monojet most significant
(mig, Am) [GeV] (197,17.4) (184, 15.5) (205, 6.66) (179,16.3)
) o OVERABUNDANT (p, i) [ATLAS 2¢] (0.041,0.97) (0.044,0.80) (0.435, < 0.1) (0.071,0.64)
(p, i) [ATLAS 3¢] (0.446,0.12) (> 0.5, 0.12) (> 0.5, 0.71) (> 0.5, 0.13)
=0 QI — 0.12£20% (p, i) [CMS monojet] (0.132, 3.00) (0.129,2.65) (0.712,1.91) (0.051,3.79)
(p, ) [ATLAS monoijet] (0.277,2.44) (0.277,2.02) (0.127,2.96) (0.277,2.08)
g 12.5 1 BM-UNDERABUNDANT
§ 0 -
7.5 o
Overlapping excess!
* Stronger constraints from ATLAS-30
no bounds . . . .
° from monojets! * Tension between soft dilepton and monojet points
g R 0 oh —> Not enough monojet cross section
— —> Poor monojet fit
NMSSM scan * ATLAS-2£ points @« interesting DM candidates
* 5-like LSP (cf. DM) « 4 light ewkinos * No overlap between excesses...

* Excess compatibility can accommodate DM
—> cf. best fit points

* Monojet bounds in principle complementary
—> Existing excesses
=> No constraints!
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

Scalar DM with a doublet vector-like leptons

LD x@ver +€4y;) +He.

* Non-SUSY higgsino-like setup (fermionic weak doublet)
* LHC signals: two-body decays to leptons

* Spectrum of interest: compressed by [0, 30] GeV
—> Soft leptons at the LHC
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

Scalar DM with a doublet vector-like leptons Type Il Seesaw

* Neutrino mass modelling

* Non-SUSY wino-like setup (scalar weak triplets)

—> | SM Higggs field ¢ + | BSM scalar A
* Non-SUSY higgsino-like setup (fermionic weak doublet) —> 4 CP-even scalars (h, S, 5%, St)

* LHC signals: two-body decays to leptons =—> Small splitting possible « small ¢/A mixing

* LHC signals: cascade-decays to leptons
—> Via off-shell weak bosons
—> Many (too many?) soft leptons

LD x(V'vrr +£411) +Hec.

* Spectrum of interest: compressed by [0, 30] GeV
—> Soft leptons at the LHC
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Too hard tails in the dilepton invariant mass spectra
* VLL+DM: events expected to populating high m,, bins * Type-ll: similar to

0.035 T rr [ [T T[T T T[T T T[T B B B I B T
B — (mg =my,Am) = (225,8) GeV 0.040 | ——  (mgz,Am) = (162,8) GeV —
0.030 — — - -
i : 0.035 | —
—0.025 — - -
| L B 7 0.030 — —
> L | > N } ]
) i i > N B
©.0.020 - 20025 -
§ i § S - N
5 0.015 - -
= i = - -
i i rjg T 0.015 —
© 0.010 i © -
| - 0.010 1 —
0.005 — . - .
- VLL+DM  ° 0.005 [ E
- -~ Type-ll seesaw !
0.000 [N | l I I | I | R l | I I — J N S l | I | |1 l [ I L l | 1 | | | | I a

0 5 10 15 20 25 30 0.0005 5 10 15 20 25 30

myy [GeV] myy [GeV]
e R,

ewkino models

[ Agin, BF, Goodsell & Murphy (EPJC 24) ]
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[ Agin, BF, Goodsell & Murphy (EPJC 24) ]

Too hard tails in the dilepton invariant mass spectra
* VLL+DM: events expected to populating high m,, bins * Type-ll: similar to ewkino models

0.035 'ttt LA LI L L L L L I B B BN N B »
B — (mg =my,Am) = (225,8) GeV - 0.040 ——  (mgt,Am) = (162,8) GeV —
0.030 — - - - VLL+DM
C i 0.035 — — 251
—0.025 — T .
ok 1 To0%0 - =
> B | > B * - 20 A
O B i ” N N
0©.0.020 — — 0 .0.025 — ] > 5M OVERABUNDANT
_§ B | S N n - QR =0.12£20%, M = A = .005
B | - - xX
EO 015 [ ] §0 020 — ] X © DM UNDERABUNDANT
o - 103 - - 3
| - T 0.015 — —
© 0.010 o : .
. 0.010 —
0.005 — - . 5
- VLL+DM - 0.005 — B
- ~ Type-ll seesaw i an Tl
N ENEE BT R M B R R A R B - | | [ l | . R | . . . | |
()_()()()0 5 10 T 20 25 30 0.0000 [ - L1 1 1 0 I I T I 20 L 11 T L1 1 1 20 By o . o s o s -
my [GeV] myy [GeV] . memme GVl
e ——T P S

VLL+DM model

* No leptonic excess, strong exclusion
—> 3-body BSM decays in order
* Survival of the monojet excess!

—> Very light BSM states (1 ~ 1.1 — 1.25;p ~ 0.04)
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0 <

Too hard tails in the dilepton invariant mass spectra

* VLL+DM: events expected to populating high m,, bins * Type-ll: similar to ewkino models

0.035 'ttt e T T e i L B LI I L N B L B T T 1 ] "
5 — (mg =my,Am) = (225,8) GeV 0.040 — ——  (mgx,Am) = (162,8) GeV —
0.030 — — . - VLL+DM
- - 0.035 — } - 25 -
—0.025 — T .
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§ C § § . : % QI —0.12£20%, M = A2 50003
i i - ] o B NDANT
30015 j j ?O 020 B . E": DM UNDERABU
o | . o - |
T - T 0.015 —
© 0.010 © : 0
i 0.010 —
0.005 | - - . 5
- VLL+DM i 0.005 - .
- -~ Type-ll seesaw i o]
0.000 ——+—1- Loy | I B e Ly 0.000 “——L—L 1 Lo o v b v b b IR . . . . . , .
70 5 10 15 20 25 30 Mo 5 10 15 20 25 30 125 150 175 200 225 250 275 300
myp [GeV] myp [GeV] o ———— e e —————
Type-ll model
VLL+DM model /P = A
No leptoni . s * No sensitivity (CLs > 0.05) CL{® CLY™  p-value g
® INO IeptoniC excess, strong exciusion i i
P o S —> Busy final states » small efficiencies = A1-A52¢ 0387 0.6200050 2.0
. . e EFxcess Present! CMS monojet 0.270  0.395 0.081 1.17
* Survival of the monojet excess! , ATLAS monojet ~ 0.553 0399 0277 072
—> Dedicated analyses hard —

—> Very light BSM states (1 ~ 1.1 — 1.25;p ~ 0.04)
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Theory-driven combinations
* Beyond those done in experiments

e Could be done in a good enough manner

—> Has to be conservative
—> |deas on global status of models
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[ Agin, BF, Goodsell & Murphy (EPJC 25) ]

Combination: likelihood products and impact on the wino/bino plane

* Inclusion of CMS-SUS-18-004 (2/3 soft leptons and missing transverse momentum) Best points

* All relevant searches now available o My ~ 300 GeV
|dentification of the preferred region of the parameter space e Am ~ 20 GeV

* Bayes factors: ratio of evidences for a new-physics scenario to the SM e By, ~ 60r7

—> Quantitative measurement of whether a new model is (dis)favoured compared to the SM
=> By > 1 = evidence for the new model stronger than that for the SM

40 \ \ "\ \ 40 Y Y
\ —— CMS-SUS-18-004 observed — (CMS-SUS-18-004 observed
HACKANALYSIS \ == CMS-SUS-18-004 expected — = CMS-SUS-18-004 expected
35 - Wino/Bino So \\ —— ATLAS EWino observed s | —— ATLAS EWino observed |
™\ \\ ATLAS EWino expected ATLAS EWino expected \\
\\ \ HackAnalysis CMS (observed)

[Modified simplified likelihood]

HackAnalysis CMS (expected)
[Modified simplified likelihood]

30

>
8 25
/N

\
10 >
A

150 175 200 225 250 275 300 325 350
mso (GeV)
X
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A lot of development over the past decade

* Two classes of public tools (SMS or simulation based)
* Large set of shared signatures with numerous models e Validation « detailed material

SUSY searches = excellent templates for BSM searches

e Crucial to reproduce analyses (aka LHC recasting) —> Great progress over the years!

—> Being transparent crucial
* Combination of SRs/analyses now possible
 ML-based searches = the next frontier

—> ONNX-released networks
—> Already available in some tools [not covered here]

LHC recasting paves the way to interesting studies
* Non-simplified models; non-minimal models
* Understanding excesses [ soft leptons! monojets!? |

Reproducibility
» Key principle in the scientific method

* Need for the TH/EXP communities to move together

RIBUTE TO

' x,'agstﬁ“
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