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Very broad topic
* Dozens of new results every week
* |-hour lecture

e Subjective choices to be made...
—> A lot of interesting topics not covered
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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

—> Signals comprising missing transverse energy

LHC Recasting - Reinterpretation of the results of the LHC

Why going beyond ?
* Practical limitations

* Conceptual issues

* Few experimental anomalies

SUPERSTRIN G

M-theory heterotic
Ga ‘olonon,

g, Frond s'uts)
Uni€ication

THOUGHT OF

w

Benjamin Fuks - 22.07.2025 - 3

[ ewedleanpy 1ysoliH ]


https://commons.wikimedia.org/wiki/File:Iceberg.jpg
http://newsline.linearcollider.org/archive/2010/20100401.html

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: 180(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)=1|B)  Q|B)=|F)

T —

[ Ben Gilliland (STFC) ]
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[ MM Mpa: — i(ﬂw MPH — b NPV 4 PP N[HT _ e M”") ’
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[TaaTb: — i.fabcTc )
[QCM,M“V: — O.;U/a,B Qﬂ ) [QdaM”V] — aﬂudg Qﬂ )

{Qa, Qa} = 20" a6 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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https://doi.org/10.1103/PhysRev.159.1251
https://doi.org/10.1016/0550-3213(75)90279-5
https://doi.org/10.48550/arXiv.1401.6277

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) Is SUSY in bad shape ?

* Missing energy and visible objects (jets, leptons, etc.) * Not really: MSSM-inspired simplified models
—> Stringent bounds deep in the TeV regime —> Most superpartners decoupled
—> Both for strong and EVV superpartners —> Specific decay table

* Signatures typically more complex
=> Constraints not necessarily that strong

g constraints with jets W/B constraints with jets, . :
leptons and MET ’ leptons and MET e Example: ATLAS pMSSM scan (20,000 scenarios)
. —> Points survival (almost) at all masses
- s=13TeV,86.1-140f°" 70OCMS 137 (129) fb™' (13 TeV)
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LHC Recasting - Reinterpretation of the results of the LHC Benjamin Fuks - 22.07.2025 - 6


https://doi.org/10.48550/arXiv.2403.02455
https://doi.org/10.1103/PhysRevD.109.112001
https://doi.org/10.1007/JHEP05(2024)106

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 Simplified Model Spectra (SMS)
Reinterpretation based on simulations

« Detector modelling mimicking ATLAS / CMS * Decomposition of theory signatures into SMS signatures

* Fiducial cross sections on the basis of public efficiency maps
* Development of full frameworks

— Implementations of searches (and validation) ) Com|:')ari.son o published Upper Pounds
— Event yields from simulated signals —> Validation: reproduction of existing bounds

Monte Carlo events

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

.
LI
.
-
.
-
.
.
.
b,
.
.

material

Experimental
Analyses

T

! Codin
e, P g. E e ) ‘\
»| Recast <- ,;‘&,\gb

Decompose ‘ ‘ ‘ ’

[ Kraml et al. (EPJC’14) ]

SM
fo, @ . .
D.,a.t.xP: ’ L|m|t Settlng Combine Compare
a Topologies with
[ Dumont, BF, Kraml et al. (EPJC’15) ] Upper Limits
S S e B e

e Often conservative: different kinematics, asymmetric decays
* Rather fast, fair estimates of bounds
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Wishlist for high-quality recasts

Picking up an experimental publication

* Reading / understanding Relatively easy

IRttt

* Background estimates
—> usually provided (not systematic)

Writing the analysis code in the tool internal language e Efficiencies

—> To be provided as tables / functional forms

Accurate information for proper validation —> To be broken down in sub-efficiencies (trigger, etc.)
* Efficiencies (trigger, e*, u*, b-tagging, JES, etc.) —> Efficiency maps for SMS-based recasting
* Detailed cut-flows for well-defined benchmarks | e Validation material (crucial):
=> |Information for all SRs ! Essentla! ’ —> SLHA files, MG5 aMC cards, PYTHIA8 cards, etc.
—> Exact definition of benchmarks (spectra) X_f)iten dﬂw' —> Cut-flows for given benchmarks
—> Event generation information (cards, tunes) —> Not systematic (sequence, details, all SRs)

* Digitised histograms (e.g. on HEPDATA)
, , Improved recast material over the years
* Reproduction of exclusion contours o .
* Publications clearer, HEPDATA widely used
e Better EXP/TH communication
e Still improvable

[ The Reinterpretation Forum (SciPost 20) ]
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http://doi.org/10.21468/SciPostPhys.9.2.022

COLLIDERBIT: W/B constraints 2
T with recursive jigsaw T, 9
0
- ATLAS_RJ 3lep 1l 2
300 = GAMBIT A
| == ATLAS observed || 2
| s ATLAS expected n
> QL
b I e
O 200
O~ —
1<
Q =
~
100
100

Excellent agreement with ATLAS

e Wino/bino scenarios (W decays into EW bosons)
* Not necessarily easy to get

* Using the ‘best expected region’
—> Often off when correlations matter

LHC Recasting - Reinterpretation of the results of the LHC

Better limit settings procedures

* Signal region combination

—> CMS correlation matrices (Gaussian-approximate likelihoods)

N n; ,—(us+b+0)
S:+ b, + 60)' e WO 1
Z(u,0) = H (s + bi + 0) exp (—EHTV_W)

i=1

ni!

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

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

MADANALYSIS5: W/B constraints with
standard ewkino variables Combination mandatory

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

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

350F CMS-SUS-16-039
/s =13 TeV, 359 fb~! 95% CL

3001 — CMS expected limit (£10exp) ]
b M s gt * 100+ SRs; signal over #3Rs
'S' [ Mﬁ}?g&NﬁLYSISﬁ—G_)XpeC’ced limit RRRTTES .
wi est signal region o o o .
S 00 o * Sensitivity reduced with the
F s ‘best region’ only

ool e Covariance matrices and

PYHF models crucial

[ (zz 3s0d»S) Jwea)] B 49 ‘Zzeay ‘ouand|y ]
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https://cds.cern.ch/record/2242860
https://doi.org/10.1007/JHEP04(2019)064

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. (EPJC’14); Alguero et al. (JHEP’22) ]

[ Altakach et al. (SciPost’24) ]

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

ATLAS-SUSY-2018-32
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| |

250 | | | | |
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% 1%~ SMODELS
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[ Alguero et al. (JHEP’22) ]
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Application: Dirac gauginos at the LHC
* Model not considered by ATLAS/CMS

=—> Full scan of the EWV sector of the model
—> Constraints (EWPT, relic density, etc.)

* Points excluded by SMODELS (with r = )

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

300.0

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

 Comparison with full recasts (from MADANALYSIS 5)

—> SMS approach more conservative and faster
—> Full recasts sensitive to complex spectra/signatures
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https://github.com/SModelS/smodels
https://doi.org/10.1140/epjc/s10052-014-2868-5
https://doi.org/10.1007/JHEP08(2022)068
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Simulation-based; detector modelling with transfer functions

COLLIDERBIT [O(40) analyses, from HEPFORGE]

HACKANALYSIS [O(10) analyses, from IN2P3]

* Validation example (CMS-EXO-19-010)

—> Disappearing tracks and winos

—> Cut-flow comparisons

E 10° =
E - -
5 I
3 .
n ol - e Expected limit
10 ; Observed limit
N Expected = 20
= e eases CheckMATE limit with 8 TeV efficiencies
i CheckMATE limit with modified efficiencies
10

| llllllll

I llllllll

lllllllllllllllllllllllllllllllll

‘O
'.
-

CHECKMATE

300 400 500

[ Desai et al. (EPJC’21) ]

600

700 800 900
M; [GeV]

e

EEEEe e e
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[ Balasz et al. (EPJC'17) ]

[ Goodsell & Priya (EP]JC 22) ]

MADANALYSIS5/SFS [O(15) analyses, from GITHUB/MASDATAVERSE]

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

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

HACKANALYSIS

700 GeV, 10cm, region 2018A

CMS es'™ HEPMC €™ HEPMC,
no pileup
Total 1.01900 1.07000 1.01000
Trigger 157005 x 1071 157900 x 1071 157001 x 107!

Passes pss filters

p%“ss > 120 GeV

> 1 jet with pt > 110GeV and |n| < 2.4
==0 pairs of jets with Agjet, jer > 2.5

| A¢ (leading jet, p™%)| > 0.5

> 1 track with [n| < 2.1

> 1 track with pt > 55 GeV

> 1 track passing fiducial selections

> 1 track with > 4 pixel hits

> 1 track with no missing inner hits

> 1 track with no missing middle hits

> ] track with relative track isolation < 5%

> 1 track with |dyxy| < 0.02cm
> 1 track with |d;| < 0.5¢cm
> 1 track with A R(track, jet) > 0.5

1419002 x 1071 1.51001 x 107!
141092 x 1071 1.51000 x 107!
1. 3+8 0 x 1071 131900 x 107!

1. 1+°01 x 1071 1170901 x 1071
471000 x 1072 4.6790° x 1072
317008 x 1072 3.67002 x 1072

+0.06 - 0. -
L7008 x 1072 271003 x 1072
+0.06 - +0 -
1.7° 06x10 2.0 004xlO
1L.5H00 x 1072 201004 x 1072
+0.34 - 0.23 -
53%034 x 1072 6.07)53 x 1073
517033 x 1073 6.07023 x 1073

111001 x 107!

117001 x 107!

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 ey pair

=>» Detailed information crucial

1.51001 x 107!
15700 x 107!
1.31001 x 107!
11900 x 107!
L1000 x 107!
117901 x 107!
4.61000 x 1072
3.67002 x 1072
2.77002 x 1072
2.07004 x 1072
2.0100% x 1072
6.270753 x 1073
6.21023 x 1073
517031 x 1073 60703 x 1073 6.27073 x 1073
491031 x 1073 591022 %1073 6.170%3 x 1073

M e

[ (zz Old3) ehid 8 |1I9spooD ]

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

[ Derks et al. (CPC'17) ]
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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/
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http://dx.doi.org/10.1016/j.cpc.2018.06.023
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https://doi.org/10.1016/j.cpc.2017.08.021
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https://doi.org/10.1142/S0217751X18300272
https://github.com/MadAnalysis/madanalysis5
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https://doi.org/10.1016/j.cpc.2017.08.021
https://doi.org/10.1140/epjc/s10052-022-10188-1
https://doi.org/10.1140/epjc/s10052-022-10188-1

m&.\mm I SRR X T m@

LHC recasting ARB

e Constraining SUSY models ~ M'rm&‘mmmm S
—> 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
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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)

L . T ~ 1 0 - -

* Interpretations in various simplified models X1 ~ ~ 7 (¢H3 + Hg) . Xi ~Hy,
—> Light higgsinos

=—> Light bino/wino (+/- = sign of the mass) ¥~ iB, 9 ~ W3, XE~ W

soft
objects

Excesses compatible with a compressed spectrum
* Mass differences of 10-30 GeV

* Overlapping excesses!

optional ISR

* What about monojets!?

* What about complete models!?

< 60 ,; —
o i ,- >
o | ' 5
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s i - - Expected Limit (+ 1o0,,,) Q
30 — Observed Limit (= 10,0,.)| =
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10—
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0 - l— ‘I- -l | —_— I | I | I | I Ll I L1l I ) - I L1l I ) -
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https://doi.org/10.1140/epjc/s10052-021-09749-7
https://doi.org/10.1007/JHEP04(2022)091

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

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

—> Obiject isolation, m, jigsaw, etc.; bins in m1,,
—> PYHF model file

* Recasting challenges

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

—> Event generation details important for compressed spectra L/
— Validated recast in HACKANALYSIS / MADANALYSIS5 000077

* Equivalent CMS search: CMS-SUS-18-004

[ Araz, BF, Goodsell & Murphy (to appear) ]
3

s === MAS 4104y, |
—— ATLAS

----
------
LI ———————
T * i

“
.
“
------------------------
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0.3

1.0

0.6,
0.4 —
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0.0
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[ Agin, BF, Goodsell & Murphy (2024) ]
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ATLAS-SUSY-2019-09: 3 leptons + Er

e Selection

—> 3 leptons including | OSSF pair + small/large £ + with/without jets
—> Obiject isolation, lepton properties, on-shell/off-shell Z boson; bins in m1,,

—> 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
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https://arxiv.org/abs/2404.12423

A lot of pheno interests in those excesses

* Interpretation in vari

ous models

—> Realistic or less simplified MSSM scenarios

—> NMSSM setups
—> Non-SUSY models

e Connection with other observables

—> Dark matter; Higgs and flavour physics, (g —2) .

W/B (m;, > 0) MSSM

40 -

BT e

354 %%s fa AR, Mad el
..~ .‘. v, ‘\" ™Y

w
o
1

15

*

- ‘. .. 3 3 B ~ - a o .a Ol
. ~-=..‘:‘f SNSRI R s —— ATLAS (observed+10w,)
s ‘. ot 4‘_. v I ”:‘i}

aa 4y Al
:‘;;&u‘.. UG oy, N

scenarios

CMS (observed+10;)

All
(9-2),

(g —2),+ Qh?

(g —2),+Qh?+DD
Excess

[ Chakraborti, Heinemeyer & Saha (EPJC'2024) ]
Am = myo — myo (GeV)

10 T L— T T
200 300 400 500 600
mys (GeV)

MSSM scan of the EVV sector

* Large set of constraints

—> LHC
—> DM relic and DD bounds

—> Ag, [ /£ no new lattice results]

 Points in red

—> Could explain the excess
= Tuning m; = new Agq, value

[ (bz0T.D[d3) Aydunyy B 119spooD ‘49 ‘uidy ]

20.0 4 -
17.5 4
DM OVERABUNDANT
15.0 4
% 12.5 DM UNDERABUNDANT
S
c}:
?E; 10.0
s
<
7.5
5.0 4
no bounds
A .
from monojets?
I%O léO léO 260 210
ng [GeV]
e

~/

« S-like LSP (cf. DM) « 4 light ewkinos

* Excess compatibility can accommodate DM

—> cf. best fit points

* Monojet bounds in principle complementary

—> Existing excesses

—> Common explanation unclear

LHC Recasting - Reinterpretation of the results of the LHC
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ng?

[ 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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0 < '

[ 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 ettt SN LI I L T TS -
- — (mp = my,Am) = (225,8) GeV - 0.040 — ——  (mgz,Am) = (162,8) GeV —
0.030 — — . - VLL+DM
i - 0.035 — } — 1
—0.025 — I -
| - 1T 0.030 - —
> = - > — * R 20 -
[} B . [} N | NT
£.0.020 [ ] 0.0.025 :— _: > DM OVERABUNDA
-§ E - S - - % QI = 0.12:£20%, M = Ao =0-005
~— i ] §O 020 :— _: E‘_?: P DM UNDERABUNDANT
o 0.015 — 1 B - 1
o u . o - |
T - ft T 0.015— —
© 0.010 — ‘i"— © . 10
- i 0.010 —
0.005 — - - - ;.
B VLL+DM i 0.005 — .
N - -~ Type-ll seesaw i e ]
oo e b v v b b e L Lol Lo Lol Lol Lol L] TR | | | | | | |
0.000 0 5 10 15 20 25 30 0.000 0 g llo 115 210 2|5 30 125 150 175 200 225 250 275 300
Myy [GCV] Mgy [GeV] My = My [GCV]
VLL+DM model Type-ll model
. . o CL;® CL3® p-value g
* No leptonic excess, strong exclusion * No sensitivity TLAS 27 38 0620 0050 206
—> 3-body BSM decays in order —> Busy final states = small efficiencies = ATLAS 3¢ 0611 0615 205 062
CMS monojet 0.270 0.395 0.081 1.17
* Survival of the monojet excess! * Excess present! ATLAS monojet 0553 0399 0277  0.72

—> Very light BSM states (1 ~ 1.1 — 1.25;p ~ 0.04)
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More realistic scenarios - general features

* Several states possibly light and relevant

—> Even true within simplified models

* Impact on BSM signal modelling

SM + i, + B & CMS-SUS-19-006

800
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[ 370T.dIHI) YzamnaN 8 uasep) ‘49 ‘Iysseld ‘o194 ]

mW [GGVJ

Examples: SM + § + B/W
* Three-component signal at the LHC: pp — gg* + Z](*))( + ¥y

 Impact on multijet + E7 searches
—> ATLAS-SUSY-2018-22: jets, effective mass, jet/met relative properties
—> CMS-SUS-19-006: jets, inclusive H/H search

SM + ii,/d, + W & ATLAS-SUSY-2018-22

-
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<
by

1000 —
1 // a — 11 (’iv g

=ur,ar,
900 — 1 o -
1 < — pp—qq", W, WW +3QCDs | &
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~/

* All signal components needed
—> pp — gy always matters
=> pp — Yy matters
(W-LSP scenarios only)
* Bounds underestimated
significantly

—> (Gain on mg: |00-1000 GeV

—> (Gain on n; |00s GeV
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. . . . ) [ Arina, BF, Panizzi et al. (2025) ]
Signal modelling even more crucial for some DM simplified models

* t-channel DM, SUSY-inspired but with relaxed couplings
—> X = Majorana DM; Y =¢g; A free

e Example: A~3.5 (cosmology favoured); CMS-SUS-19-006 (inclusive H/H) 1000

Naive simulations « bounds underestimated by 2 TeV! S

* QCD-induced 'squark production’: My S 300 GeV 500 1000 1500 2000 2500 3000 3500 4000
* Full ‘squark production’ My < 3 TeV BSM signal correct My (GeV)
* Light DM: associated production important modelling crucial P —— e —

40007 E

S3M ug observed limits 1 3

XX XY YY 3500 Breakdvan of contributions _."1 E L

X X MAS5 recast of CMS-SUS-19-006 -] B

00— % 0% 06—, 00,0 i s O -1 SR

. : " 3000 L] Combined XX+XY+YY channels 1 e
O——B 0—0 60— 00—o0 0 —22 | S g

| 2500 A=3.5 ‘ - ;’:

* All signal components to be included in LHC simulations > P 1073 3
3

=Y pairs (QCD + non-QCD diagrams) % <aeu 1 2
— DM pairs = e &
. . 1l 3

—> Associated pairs (XY) 0l
| S

2.

N

al

S

%

%

N
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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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The TACO approach - testing analysis correlations

+# 5 ¢ One step further: combination of analyses

e

—> Path finding (set of non-overlapping regions)
[weighted hereditary depth-first search algorithm]

Study |:the ATLAS 2015 pMSSM-19 scan
* |00s SRs considered
* Going beyond ATLAS/CMS combinations

* A specific SR not powerful enough alone

—> O(10) regions combined
[ Araz, Buckley, BF et al. (SciPost 23) ]

Studies 2 & 3:squarks and ewkinos; t-channel DM
» Considered analyses: jets +E7

—> Combination possible (non-overlapping SRs exist)

* Advantage of quantified measure of overlap
—> Stronger bounds by 100s GeV

[ Araz, Buckley, BF et al. (SciPost 23) ]
[ Feike, Fiaschi, BF, Klasen & Neuwirth (JHEP 24) ]

/ —> Overlap matrix = approximate correlation matrix

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

s =13 TeV, 95% CL
/3

Best expected combination

MADANALYSIS 5—expected limit ]

with best signal region :

- ATLAS-SUSY-2015-06, 3.2 fb~!
- ATLAS-SUSY-2016-07, 36.1 fb™" |
- CMS-SUS-16-033, 35.9 fb~!
- CMS-SUS-19-006, 137 fb~!

0.25F

0.20F

0.15r

0.10F

Fraction of Model Points

0.05r

0.00

[ Araz, Buckley, BF et al. (SciPost 23) ]

27,000 ATLAS wino models
265 SUSY SRs —~
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VEE DR

[ Altakach, Kraml, Lessa, Narasimha, Pascal et al. (SciPost’24) ]

The SMODELS approach Excluded bythte combinationj ' ' 1 bino-like LSP
4001
* Overlap matrix pre-defined from 3 assumptions ol
—> Analyses from different runs non-overlapping 5-6 analyses

300F

5ol | analysis &
o]

200+ \
s

1501

—> ATLAS and CMS analyses non-overlapping
=—> SR definitions scrutinised
—> |[nter-analysis correlations ignored

my [GeV]

* Subset of most sensitive analyses => best combination f
100t
U
= a
ATLAS-SUSY-2013-11 ®
ATLAS-SUSY-2013-12 >0 ‘\
ATLAS-SUSY-2016-24
ATLAS-SUSY-2017-03 % 26% 1000 1200
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-06 8 analyses
e

ATLAS-SUSY-2018-32
ATLAS-SUSY-2018-41

ATLAS-SUSY-2010-02 Application: the ewkino sector

ATLAS-SUSY-2019-08

+ Scan over {M,, M,, u,tan 3} [O(20k) points]

CMS-SUS-13-012

VS STS 6018  Colour code = different combinations

NS SUS-21.02 —> Better coverage of the different parameter space regions
AEREEEEREEE —> Combination more relevant for light states
SEEEEEEESEE EEERE . :
Pros:
AR AR R —> Better assessment of the sensitivity
é :dz :ﬁz :Eﬂz é :ﬁz :ﬁz :S: é :dz :5: % % % % % —> Compensation of over/under fluctuations

—— eee—— * Beware: overlap matrix determined from assumptions

—> Also with TACO: unavoidable
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Four-top production is coming...

e Already run 2 SM measurements
—> Large room for BSM physics

e Precision with run 3

The Four Tops in 2022

& Foto: Stefan Brending, Lizenz: Creative Commons by-sa-3.0 de () CCBY-SA3.0de
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New top-philic particles

* Non-minimal SUSY: top-philic sgluon [(pseudo-)scalar colour-octet]

BSM impact on four-top production

* Resonant effects (light states)
—> Associated and pair production contributions
—> Different kinematics « two handles

* Non-resonant effects (heavy states)

O <
Sg Y
Sy

CMS-TOP-18-003
* Run 2 measurement of o,
* |4 SRs: cf. (b-)jet/lepton multiplicities

* Hr spectra measured
—> BSM-improvement: high-Hr bin

[ Darmé, BF & Goodsell (PLB’18) ]

fs=0 S=1/2 S= P proportional
S _ G to m;
|8 g u
1 1 _ ,
Ls, = 5D,wS'g‘D“S{S4 = §m§85§45§4 +t|yss +1 y8p75] T4SE t
——SctdmEmmeSEEERE—
Heavy new states
* EFT operators (beyond the SMEFT)
0% = tT4t 17t SU(2). breaking
_ _ 4.5
O%/R — tL’)/'utL tRfY,utR 4.0 LHC13 - 137 fb™ A CMS, SM tttt
g B A B A 3.5 e MadAnalysis 5, SM tttt
Orp =tLT7 "t tRT Vutr 3.0
£22.5]
Heavy Mediator 0% Ol nr 0% o L% 2.0-
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Ss % / / 1.0 i ;
2 2
méss ; , 0.5 % I I I E I i
Ss o _4y82p s >0 VoD 5 O A ' O >
amg, 9myg, Smg, fo“‘ S fo‘z“ £ K & @Q“ & 6;23’ 9@ & (;2~ &
R Sttt ERE

[ Darmé & BF (MPLA’21) ] Signal regions

* MADANALYSIS 5 implementation

e e ——

SeseistGMmmRaEEERNTT
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Recasting four-top measurements

e Mass limits = .10 TeV
—> Pair-production driven
—> Up to [.5TeV @ HL-LHC

—> Stronger bounds for large Yukawas
* EFT approach not viable
—> Typical \/E too large wrt A

—> Overly conservative
 Competitive with other searches
—> Connection with stops
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[ Carpenter, Murphy & Smilie (JHEP’22) ]

Vs =13TeV, L =139fb""
ms = 2.0 TeV, _

m;, = mj, + 300 GeV
Observed limits at 95% CL |

—dijet pairs,

600 700 800 900
mo [GeV]

e

* Reconstruction of the four-top system

—> Reconstruction of boosted and leptonic tops

—> Tagging 3/4 tops + SS2L cases
—> 66% of all signal event tagged!

Sgluons heavy « boosted four-top production

* Tailored cuts (pair/associated production)

—> Pair of resonance constraints (pair)

—> Top relative direction constraints (single)

* Reaching 2 TeV @ HL-LHC

—> Even for small Yukawas
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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? extra scalars?]

Reproducibility
» Key principle in the scientific method

* Need for the TH/EXP communities to move together

RIBUTE TO

' x,'agstﬁ“

LHC Recasting - Reinterpretation of the results of the LHC Benjamin Fuks - 22.07.2025 - 27



