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Very broad topic
Dozens of new results every week
25-minute talk

Subjective choices to be made

—> A lot of interesting papers not covered

SUSY-connected picks
= |t is a SUSY conference!

—> Choices have been made...
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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 the analyses
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Searches for SUSY will continue (during Run 3 and beyond) Reinterpretation based on Simplified Model Spectra (SMS)
* Great: SUSY « test ground for many BSM theories * Decomposition of theory signatures into SMS signatures

- Sh?red sign.atures with numerous models * Fiducial cross sections on the basis of public efficiency maps
* Requires ability to reproduce the analyses e Comparison to published upper bounds

—> Validation: reproduction of existing bounds
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* Often conservative (different kinematics, asymmetric decays)
* Rather fast, fair estimates of bounds
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Searches for SUSY will continue (during Run 3 and beyond) Reinterpretation based on Simplified Model Spectra (SMS)
* Great: SUSY « test ground for many BSM theories * Decomposition of theory signatures into SMS signatures

- Sh?red sign.atures with numerous models * Fiducial cross sections on the basis of public efficiency maps
* Requires ability to reproduce the analyses e Comparison to published upper bounds

—> Validation: reproduction of existing bounds

Reinterpretation based on simulations

* Detector modelling mimicking ATLAS / CMS
* Development of full frameworks

—> |[mplementations of searches (and validation)
—> Event yields from simulated signals
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* Often conservative (different kinematics, asymmetric decays)
* Rather fast, fair estimates of bounds
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COLLIDERBIT: W/B constraints
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Excellent agreement with ATLAS
* Wino/bino scenarios (W decays into EW bosons)
* Not necessarily easy to get

* Using the ‘best expected region’
—> Often off when correlations matter
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COLLIDERBIT: W/B constraints
with recursive jigsaw

ATLAS_RJ 3lep

— GAMBIT
=3 ATLAS observed
=== ATLAS expected

Excellent agreement with ATLAS

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

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

[ (61.0[d3) ‘1€ 39 UOU YV ]

Better limit settings procedures
* Signal region combination

—> CMS correlation matrices (Gaussian-approximate likelihoods)

N (u s;+ b, + Q)" ¢~ (s +b+0)

Zsu.0) =[]

n:!
i=1 [

1
cXp <_58TV_19>

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

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

100}

MADANALYSIS5: W/B constraints with
standard ewkino variables

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

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

MADANALYSIS b—expected limit
with simplified likelihood

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

amEs
‘I
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Combination mandatory
* Wino/bino scenarios

(W decays into EW bosons)
* |00+ SRs; signal over #SRs

* 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
K | et al. (EP]JC’14); Al t al. (JHEP’22
VI [irami et al. (EPJC*14): Alguero et al. U )

[ Altakach et al. (SciPost’24) ]

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

- ATLAS-SUSY-2018-32 TN = WW+ By
)
| | | | | | |

— ATLAS official
=== SModelS: best SR
200 t— — = SModelS: comb. 36 SRs (pyhf, simp. HF) _

——— SModelS: comb. 36 SRs (pyhf, full HF)

150 observed exclusion

SMODELS

VA
100 150 200 250 300 350 400 450 500
my= [GeV]
[ Alguero et al. (JHEP’22) ]
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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. (EPJC’14); Alguero et al. (JHEP’22) ]

[ Altakach et al. (SciPost’24) ]

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

Talk by Y.Villamizar

ATLAS-SUSY-2018-32 T = WW B
| |

250 | | | | |
— ATLAS official
=== SModelS: best SR
200 t— — = SModelS: comb. 36 SRs (pyhf, simp. HF) _
——— SModelS: comb. 36 SRs (pyhf, full HF)
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[ Alguero et al. (JHEP’22) ]
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[ Goodsell, Kraml, Reyes-Gonzalez & Williamson (SciPost’20) ]

Application: Dirac gauginos at the LHC
* Model not considered by ATLAS/CMS

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

* MADANALYSISS/SFS [O(15) analyses, from GITHUB/MASDATAVERSE]
* RIVET [O(30) analyses, from HEPFORGE]

[ Balasz et al. (EPJC'17) ]

[ Goodsell & Priya (EPJC 22) ]
[ Araz, BF & Polykratis (EPJC 21) ; Araz, BF, Goodsell & Utsch (EPJC 22) ]
[ Buckley et al. (2010); Bierlich et al. (SciPost 20) ]

Beyond the Standard Model physics at colliders

Talks by A. Feike,
A. Kvellestad, T. Murphy

HACKANALYSIS

700 GeV, 10cm, region 2018A

e MS e¥'™, HEPMC '™ HEPMC,
no pileup
Total 1.01900 1.010:00 1.0+
Trigger 1.5i3;8§ x 107! 1.5“:8:8{ x 107! 1.5“:8:8% x 107!

Passes p%‘iss filters

piss > 120 GeV

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

| A¢ (leading jet, pT5)| > 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

> 1 track with relative track isolation < 5%
> 1 track with |dyxy| < 0.02cm

> 1 track with |d;| < 0.5cm

> 1 track with A R(track, jet) > 0.5

147002 x 107!
141002 x 107!
1.370.0; x 107!
111901 x 107!
11700 x 107!
11100 x 107!
4.71010 x 1072
3.17008 x 1072
171008 % 1072
171008 x 1072
1.57002 x 1072
5.31034 x 1073
5.17033 x 1073
5.17931 x 1073

4.97031 x 1073

15700 x 1071 157000 x 107!
1570 x 1071 1.51901 x 107!
137001 x 1071 137001 x 107!
L1901 x 1071 111901 x 107!
L1700 x 1071 117001 x 107!
L1R0 x 1071 111991 x 107!
467000 x 1072 4.61000 x 1072
3.6700: x 1072 3.617002 x 1072
277002 x 1072 2.770:0% x 1072
2.01008 x 1072 2.0700 x 1072
207001 x 1072 2.07007 x 1072
6.01053 x 1073 6.210723 x 1073
6.070%3 x 1073 6.27023 x 1073
6.07053 x 1073 6.27073 x 1073

59702 x 1073 6.170%3 x 1073

[ (zz Old3) ehid 8 |1I9spooD ]
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* HACKANALYSIS [O(10) analyses, from IN2P3]
* Validation example (CMS-EXO-19-010)

—> Disappearing tracks and winos
—> Cut-flow comparisons

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

Talks by A. Feike,

A. Kvellestad, T. Murphy

T 10°F
E F .
5 [
§- .
? Y e Expected limit
10 E Observed limit
— Expected = 20
[~ eeeee esees CheckMATE limit with 8 TeV efficiencies
i CheckMATE limit with modified efficiencies
10
1E
- CHECKMATE
-1 llllllllllIllllllllllllllllllllll

300 400 500

[ Desai et al. (EPJC’21) ]

600

700 800 900
M; [GeV]
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* MADANALYSISS/SFS [O(15) analyses, from GITHUB/MASDATAVERSE]

* RIVET [O(30) analyses, from HEPFORGE]

[ Balasz et al. (EPJC'17) ]
[ Goodsell & Priya (EPJC 22) ]
[ Araz, BF & Polykratis (EPJC 21) ; Araz, BF, Goodsell & Utsch (EPJC 22) ]

[ Buckley et al. (2010); Bierlich et al. (SciPost 20) ]

HACKANALYSIS

700 GeV, 10cm, region 2018A

e MS e¥'™, HEPMC '™ HEPMC,
no pileup
Total 1.01900 1.010:00 1.0+
Trigger 1.5f8:8§ x 107! 1.5“:8:8{ x 107! 1.5f8:8i x 107!
Passes piis filters 14100 x 1071 151001 x 1071 157001 x 107!
pliss > 120 GeV 1419002 x 1071 1.51700 x 1071 1.51901 x 107!

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

| A¢ (leading jet, pT5)| > 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

> 1 track with relative track isolation < 5%

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

137001 x 1071 137001 x 107!
L1901 x 1071 111901 x 107!
L1700 x 1071 117001 x 107!
L1 x 107! 11409 x 107!
467000 x 1072 4.67000 x 1072
3.6700: x 1072 3.617002 x 1072
277002 x 1072 2.7700% x 1072
207003 x 1072 2.07007 x 1072
201001 x 1072 2.07007 x 1072
6.01053 x 1073 6.210723 x 1073
6.070%3 x 1073 6.27023 x 1073
6.07053 x 1073 6.27073 x 1073

59702 x 1073 6.170%3 x 1073

[ (zz Old3) ehid 8 |1I9spooD ]

Simulation-based; DELPHES 3 detector modelling
* MADANALYSIS 5 [O(50) analyses, from GITHUB/MAS5DATAVERSE]

* CHECKMATE [O(50) analyses, from GITHUB]
* Validation example (CMS-EXO-16-022)
—> Displaced stop in an ey pair
=—> Detailed information crucial

[ Derks et al. (CPC'17) ]

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

[ Conte & BF (IJMPA"19) ]
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LHC recasting

e Constraining SUSY models
—> Beyond those addressed in LHC searches
=—> Minimal and non-minimal setups

in - f ;‘_ﬂq- .

RACAST 63 AR FOSRNIE RLSD CRAFT Cours ]

Recast Gear for the Mindcraft Course
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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

g constraints with jets, W/B constraints with jets,
leptons and MET leptons and MET
Vs =13 TeV, 36.1 - 140 fb™ 137 (129) b (13 TeV
;‘ | | | | I | | ! | I I | | | 700 3 ( 9) b ( 3 e )
o 4000 5. o5 olep. [2010.14203] ATLAS ] ;  pp— 7(:3'(2 - WZ)"(?)Z:) ..... Expected
O " G bby, =3 brjets[2211.08028] - 8 - 2/31 soft
— - = 3 b-jets + =2 lep. SS [2211.08028, 1706.03731] . — [ —
3?5_3500—_ g~ qaWy, 0lep. + 1 lep. [2010.14293, 2101.01629] i 25 600: — 2S8I/23| Observed
‘é’ g qi2'’%’ 2lep. OS SF [2204.13072] - éx L —— Jon-Z
-~ O— anZif =27-12jets + 1 lep. + =2 lep. SS ] B
3000: [2008.06032, 1708.08232, 2307.01094] ] 500— — Hadr. WX
- G qd(lvw)i, via v 2lep. OS SF += 2 lep. SS s [ ——— Combined
2500 [2204.13072, 2307.01094] 7 -
- = 11[1808.06358] - 40~ 7
- = 1y [2206.06012] . B
2000 [ Colours indicate different models ] B
- Observed limits at 95% CL . 300~ o
1500 —— W,
- // . 200— g
1000 /, \ ~ .
= ] 100 ) ) T 1 _
500 ) = e’ SN Lo »
e N T ] A N U S | O N
1000 1500 2000 2500 200 400 600 800 1000 1200
[ ATLAS (2024) ] m(@) [GeV] [ CMS (PRD*24) ] my, = mg. [GeV]
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https://doi.org/10.1103/PhysRevD.109.112001
https://doi.org/10.48550/arXiv.2403.02455

Is SUSY in bad shape !

Typical MSSM searches at the LHC (with R-parity) * Not really: MSSM-inspired simplified models
* Missing energy and visible objects (jets, leptons, etc.) —> Most superpartners decoupled
—> Stringent bounds deep in the TeV regime —> Specific decay table
—> Both for strong and EWV superpartners —> Simplistic scenarios
: D o o * Signatures typically more complex
g constraints with jets, W/B constraints with jets, > C , v th
leptons and MET leptons and MET onstraints not necessarily that strong
(5= 13TeV. 364 - 140 10" CMS 157 (129) 17 (13 TeV) * Example: EWino search recasts with SMODELS
% 4000 Iae o:ﬁ(’ Ionelo.I [201'0.14;931l  ae = > 700: PP = X%, = WZXX, e Expected => Scan over {M M. 12 tan IB }
g - G- bby, = 3 brjets [2211.08028] ATLAS a 8 - 15/3| soft m 1> 20 1>
T 3500E 5. cows? orem + 1 p. fot0 14255, 2101 o120 = } 600 25813l — Observed
E 9o ', 2. OS SF 204 1o072] . i 2 on-zZ B—LSP, non excluded scenarios .
3000:_ S [2702)2.1060321,:72).8.0822'2,23?33.01094] _: 500~ Hadr. WX 500 : ]Yvdno
- G qd(lvw)i, via v 2lep. OS SF += 2 lep. SS . N Combined .
2500F [2204.13072, 2307.01094] id 4001
N = 17 [1808.06358] i = S,
2000 s > 1y [2206.06012] E - 400F 0.8
C Cpceved imisal 95 CL . 300 ~
15001 f—/\ - : L P e v 300" 0.6
1000=— \ - ] 322001+ 04>
= - 100 . - 3 <00 0
500 ) = yo. .
B | | | | I | | | | I | )\\ | I i 0_ i I L: | | | | | | I .:l l: | | ':l SI | | | | 100— 0'2
1000 1500 2000 2500 200 400 600 800 1000 1200
ATLAS (2024 m(9) [GeV] CMS (PRD’24 My, = My, [GeV] s | | | :
[ e Lems ) % 200 400 600 800 1000 1200 }ino
My = [GeV]
[ Altakach, Kraml, Lessa, Narasimha, Pascal et al. (SciPost’24) ]
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ATLAS-SUSY-2018-16: Soft di-lepton + E _ [AsinBR Goodsell & Murphy (2024 ]

* Selection (the second lepton could be a track) 005h positive/ 2:§ative\‘/"’~\\\
—> | OSSF pair + Er + at least | hard jet I S o -
—> Object isolation, m, jigsaw, etc.; bins in 1., T% 0.04 space FPYTHIA) """ ‘\‘
=> PYHF model file S 0.03f ‘,‘ ;

* Recasting challenges g 0.025_ ‘.|
—> Using RESTFRAMES (cf. jigsaw variables) = strong impact on exclusions 5 ':
—> Event generation details important for compressed spectra O'Olf / positive / 1
—> Validated recast in HACKANALYSIS (MADANALYSISS in progress) o00f 4477 masses ]

e Equivalent CMS search: CMS-SUS-18-004 o 5 202 303

mee [GeV]
35 ——
---- ATLAS expected ¥
30| T AR NALYSIS expecied £ ATLAS-SUSY-2019-09: 3 leptons + K7

—— HACKANALYSIS observed £15%

e Selection

—> 3 leptons including | OSSF pair + small/large E7 + with/without jets
—> Object isolation, lepton properties, on-shell/off-shell Z boson; bins in 1.,
—> PYHF model file

* Recasting challenges

—> Event generation details important for compressed spectra
—> Validated recast in HACKANALYSIS (MADANALYSISS in progress)

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

[ 37207) Aydunpy 8 ||I9spooD 4g ‘uiSy ]
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https://arxiv.org/abs/2404.12423
https://arxiv.org/abs/2404.12423

A lot of pheno interests in those excesses

Talks by S. Heinemeyer, T. Murphy

* Interpretation in various 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) .

Beyond the Standard Model physics at colliders Benjamin Fuks - 14.06.2024 - |0
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A lot of pheno interests in those excesses

* Interpretation in various models
—> Realistic or less simplified MSSM scenarios

—> NMSSM setups
—> Non-SUSY models

Talks by S. Heinemeyer, T. Murphy

e Connection with other observables
—> Dark matter; Higgs and flavour physics, (g —2) .

W/B (m;, > 0) MSSM scenarios
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[ Chakraborti, Heinemeyer & Saha (2024) ]

)

15 (g—2),+Qh?
(g —2),+Qh?+DD
* Excess
10 T L— T T
200 300 400 500
myo (GeV)
T — E—

600

MSSM scan of the EVV sector

* Large set of constraints
= LHC
=—> DM relic and DD bounds

—> Aa, [ /. no new lattice results]

* Points in red
—> Could explain the excess

—> Tuning mz = new Aaq, value
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A lot of pheno interests in those excesses

* Interpretation in various models

—> Realistic or less simplified MSSM scenarios

—> NMSSM setups
—> Non-SUSY models

 Connection with other observables

Talks by S. Heinemeyer, T. Murphy

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

40 -

35 %% g

w
o
1

Am = myo — myo (GeV)

15

[ Chakraborti, Heinemeyer & Saha (2024) ]
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* Large set of constraints

—> | HC
—> DM relic and DD bounds

—> Aa, [ /. no new lattice results]

e Points in red

—> Could explain the excess
- ' > =
Tuning mz = new Aa, value

[ (37207) Aydunpy 8 ||I9spooD 4g ‘uisy ]

20.0 i’
17.5 1
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15.0
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]
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?E; 10.0
S
<
7.5 7
5.0 1
no bounds
;] .
from monojets?
1%0 léO léO 260 210
ng [GeV]
L

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
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More realistic scenarios - general features Examples: SM + g + B/W

» Several states possibly light and relevant e Three-component signal at the LHC: pp — Gg* + ¢ 7 + 77
—> Even true within simplified models

* Impact on BSM signal modelling

~/

* Impact on multijet + £ searches
—> ATLAS-SUSY-2018-22: jets, effective mass, jet/met relative properties
—> CMS-SUS-19-006: jets, inclusive H/H search Talk by A. Feike
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Examples: SM + g + BIW
* Three-component signal at the LHC: pp — gg™ + 5](*))( + vy

More realistic scenarios - general features

* Several states possibly light and relevant
—> Even true within simplified models

* Impact on BSM signal modelling

~/

* 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

Talk by A. Feike

SM +ji, + B & CMS-SUS-19-006 T SM +ii;/d, + W & ATLAS-SUSY-2018-22 =
3 s |* All signal components needed
800 2 1000 ,- : o
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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

XX XY YY
0—-% 0—5% 06— 9000
: E : X

* All signal components to be included in LHC simulations
=Y pairs (QCD + non-QCD diagrams)
=> DM pairs
—> Associated pairs (XY)

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

XX XY .
0—— % @—¢
0 :Q

_._ —......“

9—'39

—

* All signal components to be included in LHC simulations

=Y pairs (QCD + non-QCD diagrams)
=> DM pairs
—> Associated pairs (XY)

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

Naive simulations « bounds underestimated by 2 TeV!
* QCD-induced ‘squark production’: My, < 800 GeV

* Full ‘squark production’ My < 3 TeV
* Light DM: associated production important

BSM signal correct
modelling crucial
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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

P\ S 2

+#% 5 * One step further: combination of analyses

!ﬁ"/ ¢
A

/ / —> Overlap matrix = approximate correlation matrix

—> Path finding (set of non-overlapping regions)
Talk by A Feike [Weighted hereditary depth-first search algorithm]

[ Araz, Buckley, BF et al. (SciPost 23) ]
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The TACO approach - testing analysis correlations
%  * One step further: combination of analyses

e

Application |:the ATLAS 2015 pMSSM-19 scan

| 00s SRs: a few matter

* Going beyond ATLAS/CMS combinations
* Always a specific driving SR

—> Not powerful enough alone
= O(10) regions combined

/ —> Overlap matrix = approximate correlation matrix

—> Path finding (set of non-overlapping regions)
Talk by A Feike [Weighted hereditary depth-first search algorithm]
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SR,
SR,
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I

SR;
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M o >7_
[ ] Pii
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— 265 SUSY SRs 3
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04%}0](/;‘01(;:}05(/0 01{/;/00()0

-
411—-= |

SR; -
SRg -

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

27,000 ATLAS wino models
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The TACO approach - testing analysis correlations
%  * One step further: combination of analyses

e

/ —> Overlap matrix = approximate correlation matrix

—> Path finding (set of non-overlapping regions)
Talk by A Feike [Weighted hereditary depth-first search algorithm]

Application |:the ATLAS 2015 pMSSM-19 scan

| 00s SRs: a few matter
* Going beyond ATLAS/CMS combinations

* Always a specific driving SR
—> Not powerful enough alone
= O(10) regions combined

Application 2: t-channel DM
e Considered analyses: jets +£7
—> Combination possible (non-overlapping SRs exist)

* Advantage of quantified measure of overlap
—> with respect to a naive guess

0.25F

0.20F
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0.00
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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~!

1072

Fraction of Model Points

0.15r

0.10F

0.05r

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

27,000 ATLAS wino models
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VEE DR

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

The SMODELS approach

* Overlap matrix pre-defined from 3 assumptions
—> Analyses from different runs non-overlapping
—> ATLAS and CMS analyses non-overlapping
=> SR definitions scrutinised
—> |[nter-analysis correlations ignored

* Subset of most sensitive analyses => best combination

ATLAS-SUSY-2013-11
ATLAS-SUSY-2013-12
ATLAS-SUSY-2016-24
ATLAS-SUSY-2017-03
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-06
ATLAS-SUSY-2018-32
ATLAS-SUSY-2018-41
ATLAS-SUSY-2019-02
ATLAS-SUSY-2019-08
ATLAS-SUSY-2019-09

CMS-SUS-13-012
CMS-SUS-16-039
CMS-SUS-16-048
CMS-SUS-20-004
CMS-SUS-21-002
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VEE DR

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

The SMODELS approach Excluded bythle combinationl | | | bino-like LSP
400}
* Overlap matrix pre-defined from 3 assumptions |
—> Analyses from different runs non-overlapping | 5-6 analyses
—> ATLAS and CMS analyses non-overlapping

5ol | analysis &
O

=> SR definitions scrutinised 3
—> |nter-analysis correlations ignored = \
150 ~
* Subset of most sensitive analyses => best combination f
100
8
ATLAS-SUSY-2013-11 g0l \‘?
ATLAS-SUSY-2013-12 %
ATLAS-SUSY-2016-24
ATLAS-SUSY-2017-03 % 200 1200
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-06 8 analyses ~
ATLAS-SUSY-2018-32
ATLAS-SUSY-2018-41 . . .
ATLAS SUSY-2019.02 Application: the ewkino sector
ATLAS SUSY 201909 e Scan over {MI,MZ, u, tan ﬂ} [O(20k) points]
NS 10059 * Colour code = different combinations
e —> Better coverage of the different parameter space regions
AEBEEEERRREE —> Combination more relevant for light states
A EEEEEE A EEEEE —> Better assessment of the sensitivity
o e AR A —> Compensation of over/under fluctuations
< ==========C5C50 : : :
— e— * 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

o Useful for SUSY (despite of no £7)
=> Dirac gluinos!

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]

fs=0 S=1/2 S= P proportional
S _ G to m;
|8 8 u
1 1 _ ,
Ls, = EDMS?D“S? — 577’1%85%45? + 1 [ygs +1 ygp’yS] TASét

Heavy new states
* EFT operators (beyond the SMEFT)

0% = tT4t 17t SU(2). breaking
OrLr = tLY"tn trRYutR

O%R — ELTA’}/“tL ERTA’}/MtR

Heavy Mediator 0% Ol nr O i
2
Yss
S
S _ ng _ 4y§P ng
2 2 2
2m:§8 gmgs 3m§8
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New top-philic particles BSM impact on four-top production

* Non-minimal SUSY: top-philic sgluon [(pseudo-)scalar colour-octet] e Resonant effects (light states)
r A . —> Associated and pair production contributions
S=0 S=1/2 S=| proportional . . .
S - . to m —> Different kinematics « two handles
5 1 5 /61 * Non-resonant effects (heavy states)
Ls, = 5DuSyDHSE — m Sg'Sg' + T yss +i yspy®] TASE't S— :
Syt Sf/ E
A~ — <_ ,
t Ss\ ’
Heavy new states OO ;. <
* EFT operators (beyond the SMEFT) — e

0% = tT4t 17t SU(2). breaking
OrLr = tLY"tn trRYutR

O%R — ELTA’}/“tL ERTA’}/MtR

Heavy Mediator 0% Ol nr O i
2
Yss
S
8 2m§8 / /
S _ ng _ 4yzp Yip
2 2 2
2m:§8 gmgs 3m§8
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New top-philic particles BSM impact on four-top production

* Non-minimal SUSY: top-philic sgluon [(pseudo-)scalar colour-octet] e Resonant effects (light states)
r A ol —> Associated and pair production contributions
S=0 S=1/2 S=1 proportiona : : :
S - G to my —> Different kinematics « two handles
S 5 K * Non-resonant effects (heavy states)
1 Arpad 1 2 qAGA | 7 : 57 mA QA t ¢
LSS = §DI»LSS D SS - §m5858 SS + t [ySS + (4 ySP'Y ] T SS t m/ <
Sg <t SS/
t
Heavy new states T <
* EFT operators (beyond the SMEFT) —
0% = tT4t 17t SU(2). breaking
_ _ 4.5
O%/R =t Y"tL tRYulR a0] LHC13-137f7 A CMs, SM g - CMS-TOP-18-003
- - > ° MadAnalysis 5 St e e Run 2 measurement of o
O% » =t T4~ 1y, tRTA%tR 3.0 tit
22,5 . . Y T
Heavy Modiator o8 oL 08 250! |4 SRs: cf. (b-)jet/lepton multiplicities
2 e i % * Hr spectra measured
% om?_ / / 0.5 % ; I I3 L) ; i —> BSM-improvement: high-Hr bin
~ 2 A2 2 0.0 - - - , ,
Sa _2?121?; _973%’ 3?;215 o% c,Q:L 633; c% é?’ P %ng c% %Q& & gQ"O/c)Q‘ c,Q‘b‘ [ Darmé, BF & Goodsell (PLB’18) ]
— [ Darmé & BF (MPLA’21) ] >lgnal regions ¢ MADANALYSIS 5 |mP|ementat|0n
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Recasting four-top measurements

* Mass limits = .10 TeV

[ Carpenter, Murphy & Smilie (JHEP’22) ]

—> 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

Y8Ss

5,2 Ms,/10

—— Simpl. Mod. (CMS) 137 b’
Simpl. Mod. (HL-LHC) 3 ab™

EFT (CMS) 137 fb™!
EFT (HL-LHC) 3 ab™!

m;, [GeV]

—dijet pairs,

ms = 2.0 TeV,
mgz, = m;, + 300 GeV ]
Observed limits at 95% CL _

1 1 1 L 1 |
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[ Darmé, BF, Li et al. (2024) ]

Recasting four-top measurements

e Mass limits 2 |.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

Y8Ss
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[ Carpenter, Murphy & Smilie (JHEP’22) ]

Vs =13TeV, £ =139fb!
ms = 2.0 TeV,

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

—dijet pairs,

600 700 800 900
mo [GeV]

* 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
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