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Introduction

3
Graph by Holly Pacey

BSM physics searches is a huge topic

This talk selects latest and interesting results of

exotic physics by CMS and ATLAS.

Latest: most results are in preprint or PAS 

(physics analysis summary) status

Interesting: using novel technique or observed 

hint of excess

Exotic: SUSY, BSM higgs etc will be covered in

dedicated sessions

https://www.physics.ox.ac.uk/our-people/pacey


4

link

Other models

Compositeness

Dark matter

RPV SUSY

Extra Dimensions

Excited fermions

Heavy fermions

Heavy gauge bosons

https://cms-summary-searches.docs.cern.ch/exo_all_bar/
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link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/


Search for heavy fermions

6



Search for heavy stable charged leptons
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Strong theoretical motivation, e.g.

[Phys. Rept. 438 (2007) 1], [Phys. Lett. B 690 (2010) 280]

Long history of searches

CERN LEP [1] -> Fermilab Tevatron [2] -> CERN LHC [3]

[1] ALEPH Collaboration, “Search for pair production of 
longlived heavy charged particles in e+e− annihilation”, 
Phys. Lett. B 405 (1997) 379
[2] CDF Collaboration, “Search for long-lived massive 
charged particles in 1.96 TeV pp collisions”, Phys. Rev. 
Lett. 103 (2009) 021802
[3] CMS Collaboration, “Search for heavy stable charged 
particles in pp collisions at 7 TeV”, JHEP 03 (2011) 024

[arXiv:2601.20063] searches for TeV scale 

charged leptons (noted as tau’) in

ppàZ’àtau'tau' heavy resonance

ppà tau'tau'  direct pair production

Challenges

1. Small cross section, low statistics

using traditional trigger

2. Slow-moving, detector hits across

several LHC bunch crossings (BX)

http://dx.doi.org/10.1016/j.physrep.2006.10.002
http://dx.doi.org/10.1016/j.physletb.2010.05.032
http://arxiv.org/abs/2601.20063


Solution
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• [arXiv:2601.20063] the first analysis using L1 scouting data

• LHC collides at 40MHz = L1 input rate = L1 scouting rate

• Pros: high rate, saves all BXs in an orbit, perfect for slow-

moving particles

• Cons: only L1 information, no tracker, no PF reconstruction

http://arxiv.org/abs/2601.20063


Search strategy
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Results
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Limits
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ppàZ’àtau‘tau’ heavy resonance ppà tau'tau'  direct pair production



Search for heavy gauge bosons
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Search for heavy 4-lepton resonance
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Many models predict BSM processes of X à YY à 4-lep and X à YZ à 4-lep

where X, Y, Z are new bosons, e.g.

• U(1) extension of SUSY (UMSSM), [PRD 85 (2012) 055030]

• 2HDM, [Phys. Rep. 516 (2012) pp. 1-102]

• Dark photon models, [JHEP 02 (2015) 157]

EXO-24-006-pas

https://link.aps.org/accepted/10.1103/PhysRevD.85.055030
https://www.sciencedirect.com/science/article/abs/pii/S0370157312000695
https://link.springer.com/article/10.1007/JHEP02(2015)157
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-006/index.html


Challenges
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• Collimated electrons merged via (super)cluster

• Collimated muons share tracker hits, trajectory cleaner removes either of the two tracks

à the missing track observed as missing ET (MET)



Solution
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• 4-lep (truth) observed in detector as

1. 4-lep, 2. eME + ll, 3. mu+MET+ll,

4. 2 eME , 5. eME + mu+MET

• Merged electrons (eME)

• Match secondary track to (super)cluster

based on track pT, dZ to PV,

number of hits, track quality, etc

• Modify electron MVA reconstruction

• Merged muons (mu+MET)

• use mu+MET to reconstruct mass of Y boson



Results
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Search for heavy scalar X→SH
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• Many models predict processes of heavy scalar X to light scalar S + SM higgs, e.g.

• One complex singlet extension of SM [PRD 79 (2009) 015018]

• Two real scalar singlet extension of SM [EPJC 80 (2020) 151]

• NMSSM [Phys. Rept. 496 (2010) 1], etc

• [arXiv:2510.02857] focuses on X→SH→bbɣɣ final state

• Signal-background discriminant based on Parameterised neural network (PNN) [EPJC 76 (2016) 235]

• Traditional NN: learns a function of event characteristics 𝑥⃗

• PNN: learns a function of event characteristics 𝑥⃗ and phase space parameters 𝜃⃗ (mX and mS in this case)

• Able to interpolate between trained parameter points

• Suitable for searches where both mother and daughters mass unknown

https://doi.org/10.1103/PhysRevD.79.015018
https://doi.org/https:/doi.org/10.1140/epjc/s10052-020-7655-x
https://doi.org/https:/doi.org/10.1016/j.physrep.2010.07.001
https://arxiv.org/abs/2510.02857
https://doi.org/10.1140/epjc/s10052-016-4099-4


Results
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Using PNN, search sensitivity increased
by 15-73% w.r.t. previous analysis



Search for Soft Unclustered
Energy Patterns
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Soft Unclustered Energy Patterns
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• Motivated by Hidden Valley Model

• [PRL 96 (2006) 231802], [Phys. Lett. B 651 (2007) 374],

[Phys. Lett. B 696 (2011) 262]

• Probe the dark sector extension of SM,

dark parton showing similar to QCD

• Soft Unclustered Energy Patterns (SUEPs) searche for

unique detector signatures

• Large t’ Hooft coupling: large number of particles and 

large angle emission in the shower

• Final state looks like plain QCD, or pileup

Signal events usually rejected by trigger 

SUEP signal in lab frame (up) and CoM frame (down)

http://dx.doi.org/10.1103/PhysRevLett.96.231802
http://dx.doi.org/10.1016/j.physletb.2007.06.055
http://dx.doi.org/10.1016/j.physletb.2010.12.047


Signal Models
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PRL 133 (2024) 191902 EXO-23-003-pas EXO-24-030-pas

• The scalar mediator (S) showers into several dark mesons (Φ).

• Φ are the lightest bounded state of dark QCD, akin to SM pions.

• Shower modeled with Boltzmann distribution with an effective temperature TD

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.191902
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-030/index.html


Search strategy - ggF
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Signal looks like soft QCD, hardly pass trigger

Require high pT ISR jet to recoil the entire system

Cluster SUEP candidates from selected tracks using 

anti-kt algorithm with R=1.5

SUEP candidate signatures:

(1) cluster shape close to sphere

(2) high number of constituents in cluster



Results - ggF

23

PRL 133 (2024) 191902

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.191902


Search strategy - ZH
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trigger on Z boson, i.e.
OS double electron / muon

ABCD background prediction method using Ak4 jet pT and AK15 jet number of consituents



Results - ZH
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EXO-23-003-pas

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-003/index.html


Search strategy - WH
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Results - WH
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EXO-24-030-pas

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-030/index.html


Combined results
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arXiv:2604.05996 combined results for SUEP searches

https://arxiv.org/abs/2604.05996


ggH with HLT scouting
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EXO-23-001-pas

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-001/index.html


ggH with HLT scouting
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Better limits with HLT scouting EXO-23-001-pas

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-001/index.html


General search
dijet and 4-jet resonance
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Search for dijet resonance
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• General search for resonances of two wide jets

• Long history in hadron colliders

• CERN SPS [1] -> Fermilab Tevatron [2] -> CERN LHC [3]

• Benchmark models

• New gauge bosons [Rev. Mod. Phys. 58 (1986) 1065]

• Randall–Sundrum gravitons [PRL 83 (1999) 4690]

• Dark matter mediators [JHEP 1507 (2015) 089]

• Search strategy

• Reconstruct two wide (AK11) jets from the two leading 

AK4 jets in each event, for final-state radiations

• Fit the dijet invariant mass in data with a smooth curve 

modeled with QCD

[1] UA1 Collaboration, Two-jet mass 
distributions at the CERN proton-
antiproton collider, Phys. Lett. B 209 
(1988) 127.
[2] CDF Collaboration, Two-jet invariant 
mass distribution at √s=1.8 TeV, Phys. Rev. 
D 41 (1990) 1722.
[3] CMS Collaboration, Search for Dijet 
Resonances in 7 TeV pp Collisions at CMS, 
Phys.Rev.Lett. 105 (2010) 211801.

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.56.579
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.83.4690
https://doi.org/10.1007/JHEP07%282015%29089


Results
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Search for paired dijet resonance
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• General search for resonances of paired dijets

• Benchmark models

• Resonant production: Suu diquark model [ref]

• Nonresonant production: RPV top squark model [ref]

• Three possible pairings of dijets:

(J12, J34), (J13, J24) and (J14, J23)

• Traditional pairing:

• Minimize dR of the two jets in dijets

Works well for boosted signals (i.e. low mass points)

• Minimize dijets mass asymmetry |"!" #"!#|
"!"$"!#

Relatively flat accuracy for different mass points

https://arxiv.org/abs/1810.09429
https://arxiv.org/abs/hep-ph/0406039


Two candidate event at 8 TeV
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Results
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Two candidate events at 8 TeV result in a local 
significant of 3.9σ, highlighted in CERN newsJHEP 07 (2023) 161

https://home.cern/news/news/physics/cms-lookout-new-physics
https://link.springer.com/article/10.1007/JHEP07(2023)161


ATLAS results
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PRD 108 (2023) 112005The highest four jet mass observed by ATLAS in Run2 is 6.5 TeV

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005


ATLAS results
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PRD 108 (2023) 112005 JHEP 07 (2023) 161

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112005
https://link.springer.com/article/10.1007/JHEP07(2023)161


Run3 results
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EXO-25-004-pas

Latest result using 2024 data (CMS 2022, 2023 data unusable because of trigger prefiring)

The highest four jet mass observed is 6.5 TeV

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-004/index.html


Search for paired dijet with b-tag
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EXO-24-039-pas

Benchmark models
D2D [arXiv:1912.13155]
RPV [JHEP 04 (2013) 028]

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-039/index.html
https://arxiv.org/abs/1912.13155
https://link.springer.com/article/10.1007/JHEP04(2013)028


Results
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EXO-24-039-pas

The highest four jet mass observed is 5.5 TeV, local significance ~2σ

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-039/index.html


Dijet Search with Angular Analysis
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arXiv:2603.25458

Benchmark models

• Quark compositeness

[PRL 50 (1983) 811]

• Dark matter simplified model

[arXiv:1506.03116]

• Quantum black holes (QBHs)

[Phys. Lett. B 441 (1998) 96]

• Axion-like particles (ALPs)

[Phys. Lett. B 169 (1986) 73]

https://arxiv.org/abs/2603.25458
https://link.aps.org/doi/10.1103/PhysRevLett.50.811
https://arxiv.org/abs/1506.03116
http://dx.doi.org/10.1016/S0370-2693(98)01184-8
https://www.sciencedirect.com/science/article/abs/pii/037026938690688X


Results
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Two largest excesses in 3–3.6 TeV and >7 TeV bins, with local significance of 2.0 and 2.4σ

arXiv:2603.25458

https://arxiv.org/abs/2603.25458


Summary

• Presented latest and interesting results of exotic searches by CMS
and ATLAS
• Search for heavy fermions - first search using L1 scouting data

• Search for heavy gauge bosons - novel reconstruction and signal

discrimination techniques

• Search for Soft Unclustered Energy Patterns - unique detector signature,
using HLT scouting data

• General search - dijet and 4-jet resonance - observed hints of excess

• Thanks for your attention
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Backup Slides
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Search for Majorana neutrino
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arXiv:2508.20929

https://arxiv.org/abs/2508.20929


Anomaly detection with multilepton
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Eur. Phys. J. C 86, 247 (2026)
published last month

https://link.springer.com/article/10.1140/epjc/s10052-025-15218-2


Results
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