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Why BSM Physics?

Several anomalies

Hope for unexpected discoveries!
Several open questions that cannot be accommodated in 
the SM framework
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Inspired by figure from J.Feng

Dark matter
?

Inspired by figure from C. Doglioni

Figure from L. Reina

LZ-event?

Small-scale structure

X-ray line   Beryllium-8

https://scipost.org/SciPostPhysLectNotes.71/pdf
https://agenda.infn.it/event/32756/contributions/202191/attachments/110757/157861/20230929_DMStudies_Doglioni_BSM_HL-LHC.pdf
https://indico.fnal.gov/event/22303/contributions/247435/attachments/158065/208160/Reina-Physics-Panel.pdf


	 	 Hidden Sectors
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SM Sector Connectors /
Portals

Hidden 
Sectors

can be strongly
or weakly coupled
i.e., dark Higgs, 
dark photon, 
dark SU(N), 
Asym DM…

Z’, SUSY particles, Higgs, 
Extra Dimensions, 
Leptoquarks, CP-odd…

We have not found any concrete sign of new physics … yet! 
Looking at unusual topologies and hidden corners of the phase space 
 → signature based searches, using benchmark models.



High-mass resonances in photon+jet final states (Run-2)
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• Search for resonant excess in -jet system invariant mass spectrum. 

• Signal interpretations on
• excited quarks with different couplings and flavours ( )
• non-thermal quantum black holes (QBH) in extra dimensions using RS & 

AHDD models (  = no.of extra spatial dimensions)

• Analysis requires  > 150 GeV,  > 150 GeV,  > 500 GeV with 
 < 1.6,  < 0.5, and  > 1.0

• 4 different signal regions: inclusive SR, SRB(b-tagged), SRC(c-tagged), 
SRL(light flavour)

• Improved capability to distinguish between jets initiated by light quarks vs 
heavy quarks, using transformers. 
• Distinguishing -jets remains more challenging  signal would populate 

SRC, SRL and SRB - simultaneous fit approach across multiple signal 
regions required.
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arXiv:2608.26935

https://arxiv.org/pdf/2505.19689
https://arxiv.org/pdf/2608.26935
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No significant excess observed.
arXiv:2608.26935

First LHC limits on  
in -jet final states!

c∗

γ

QBH exclusion limits extended 
to 5.4 TeV!

High-mass resonances in photon+jet final states (Run-2): Results

https://arxiv.org/pdf/2608.26935


Low-mass dijet resonances in pile-up
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Bunch crossing (BC)
BC rate: ~30 MHz

Recorded BC
(RBC)

Trigger Storage

proton-proton (pp)
collisions

ATLAS
Online Offline

Primary vertices
(PVs)

Trigger-based approach:
Analyse triggered collision
Discard pileup collisions

Pile-up-based approach:
Veto triggering PVs (TPVs)
Reconstruct pile-up PVs (PPVs)
Analyse PPVs of interest

LHC

Pass jet

jet jet

jet

TPV
PPV

PPV1 PV ≈ 1 pp collisionTrigger rates
(full det. readout)
2015-18:   1 kHz
2022-25:   3 kHz
2029-41: 10 kHz

Num. inelastic interactions
  2015-18:      34
  2022-25:   ~60

       2029-41: 140-200

• New technique recently developed: reconstruction of pile-up collisions to access trigger-unbiased dataset

• First, identify and remove the collision responsible for firing the trigger

• Reconstruct jets from all other primary vertices in the bunch crossing — focus on dijet events

JHEP 12 (2024) 032

https://link.springer.com/article/10.1007/JHEP12(2024)032


Low-mass dijet resonances in pile-up (Run-2)
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The pile-up dataset provides large statistics for low-momentum jet topologies
- Up to 100 times more data compared to single-jet triggers
- About 30 times more data than ZeroBias triggers
It can be used for a search for low-mass dijet resonances complementary to 
other techniques
- Fully generic with sensitivity to scenarios that other searches do not have
- Full object reconstruction with the inclusion of all calibrations

Search for “bump" in dijet mass spectrum in final states with  2 jets with 
 GeV and 

- Additional selection of  to reduce QCD multijet background

- Potentially sensitive to SM W/Z resonant decay, currently at the edge of 
sensitivity

≥
pjT > 17 |η | < 2.0

|y∗ | < 0.8
q̄

q

Z′￼

q̄′￼

q′￼

arXiv:2606.03222

https://arxiv.org/abs/2606.03222


Low-mass dijet resonances in pile-up (Run-2): Results
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No excess found  exclusion limits for  and generic Gaussian-like bumps→ Z′￼
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JHEP 01 (2025) 099
Dijet + ISR photon

Dijet + ISR photon (exp.)

ATLAS
-1 = 13 TeV, 1.30 pbs

95% CL upper limits

For simplified dark matter ′models, 
mZ’ = 135 - 185 GeV are excluded 
for quark couplings 𝑔  = 0.6
Lowest excluded coupling 𝑔 = 0.28 
at mZ’= 150 GeV

https://arxiv.org/abs/2606.03222


Soft Unclustered Energy Patterns
Quasi-conformal dark sector with large ‘t Hooft coupling 𝜆 ≡  ≫ 1

- Showering process is efficient over a larger energy range than SM QCD 

- Momenta of dark mesons expected to follow approximately thermal 
distribution  modeled using Maxwell-Boltzmann spectrum parameterized 
by temperature, T.

- Other model parameters: Scalar mass ( ), dark pseudo-scalar mesons 
mass ( ), dark photon mass ( )

- Typical jet structures may be absent  
 Emission of many low pt particles, i.e. signatures with isotropic 

distribution of soft particles 
 Very challenging to reconstruct experimentally

Analysis targets scenarios scalar mediator produced via ggF (S = 125, 400 and 
750 GeV) and decays into a quasi-conformal hidden sector with dark mesons  
decaying into pairs of dark photons 

g2Ncolours

→

MS
MΦ MA′￼

→

→

ϕ
A′￼

arXiv:2605.20015

Picture credits: Matthew Strassler
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https://arxiv.org/abs/2605.20015
https://profmattstrassler.com/2024/03/15/searching-for-suep-at-the-lhc/


Soft Unclustered Energy Patterns (Run 2) arXiv:2605.20015

Complementary searches by CMS target hadronic SUEPs 
produced together with high-momentum particles


This search:

-  decay to SM particles ( ) with mass-dependent BRs

- Exploit  decays for triggering and analysis 


Analysis selects events with low-momentum multi-muon triggers


- Further require  and  GeV to suppress 
background


- Small transverse impact-parameter significance of leading muon 
to suppress heavy-flavor particle displaced decays into muons


Background modelling with ABCD method parameterised in muon 
sphericity and number of tracks

A′￼ e/μ/π
A′￼ → μ+μ−

Nμ ≥ 5 ⟨pμ
T⟩ < 10
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https://arxiv.org/abs/2605.20015


Soft Unclustered Energy Patterns (Run 2): Results
No significant excess found. First limits on SUEPs in multi-muon final state!
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Exclusions set for 0.05 fb for a mediator mass of 𝑚 = 
750 GeV, 0.4 fb for 𝑚 = 400 GeV, and 70 fb for 𝑚 = 
125 GeV, upper limit on BR(H SUEP) ~ 0.2%→



Soft Unclustered Energy Patterns (Run 2): Results
No signifi
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R-Parity Violating SUSY (Full Run-2 + Partial Run-3)

Search for charginos and neutralinos, motivated by MSSM extended with 
gauged B−L symmetry → B−L symmetry broken by RH sneutrino acquiring 
VEV → spontaneously breaks R-parity (Allows for existence of single type 
of SUSY particles)

Analysis targets Higgs channel, with branching fractions expected above 
80% in most scenarios of the model. h → bb ̄(58% of decays)

Chargino pair: Both Higgs-lepton assignments are tried, and one giving 
smaller mass asymmetry is kept.

Chargino-neutralino: Only transverse mass of neutralino ( ) can be 
built, since neutrino's longitudinal momentum is unknown. Pairing chosen 
maximises ΔR between Higgs candidate and lepton. 

mN,T

AC =
|mC1 − mC2 |
mC1 + mC2

Phys. Rev. D 114 (2026) 052007
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https://journals.aps.org/prd/abstract/10.1103/rp69-xgkd


SR2 : ≥3 b-jets, both Higgs candidate masses near 125 GeV,  > 400 GeV, 
 well away from Z mass,  < 0.2 and  > 200 GeV

SR1 : tighter and single-binned with  > 800 GeV, > 150 GeV,  > 100 
GeV, and min. transverse mass of any 3 leading -jets and MET,  > 80 
GeV.

Several CRs and VRs defined to control backgrounds (Details in backup)

ℓ HT
mℓℓ AC mrej

C2

ℓ HT Emiss
T mℓ

T
b mb−jets

T,min
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R-Parity Violating SUSY (Full Run-2 + Partial Run-3)



SR2 : ≥3 b-jets, both Higgs candidate masses near 125 GeV,  > 400 GeV,  
well away from Z mass,  < 0.2 and  > 200 GeV

SR1 : tighter and single-binned with  > 800 GeV, > 150 GeV,  > 100 
GeV, and min. transverse mass of any 3 leading -jets and MET,  > 80 GeV.

Several CRs and VRs defi

ℓ HT mℓℓ
AC mrej

C2

ℓ HT Emiss
T mℓ

T
b mb−jets

T,min

Charginos and neutralinos with masses between 150 GeV and 1100 GeV 
excluded, with BR assumed to be equal, for hypothesis where charginos 

are equally likely to decay into each flavour of charged lepton

Phys. Rev. D 114 (2026) 052007
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R-Parity Violating SUSY (Full Run-2 + Partial Run-3)

https://journals.aps.org/prd/abstract/10.1103/rp69-xgkd


SR2 : ≥3 b-jets, both Higgs candidate masses near 125 GeV,  > 400 GeV,  
well away from Z mass,  < 0.2 and  > 200 GeV

SR1 : tighter and single-binned with  > 800 GeV, > 150 GeV,  > 100 
GeV, and min. transverse mass of any 3 leading -jets and MET,  > 80 GeV.

Several CRs and VRs defi

ℓ HT mℓℓ
AC mrej

C2

ℓ HT Emiss
T mℓ

T
b mb−jets

T,min

Phys. Rev. D 114 (2026) 052007
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R-Parity Violating SUSY (Full Run-2 + Partial Run-3)

https://journals.aps.org/prd/abstract/10.1103/rp69-xgkd


SUSY - where we stand right now
Current collider analyses have probed a lot of the 
natural SUSY parameter space (bounds are subject 
to specific parameter choices)
- Most strongly coupled SUSY models assume 

existence of discrete R-parity symmetry [even 
parity for SM, odd parity for SUSY partners]  
leads to stability of LSP (neutral & DM candidate)  
[gluino bounds > 2 TeV]

- R-parity violation possible (can explain flavour 
anomalies)  leads to highly hadronic/leptonic 
decays of heavy coloured SUSY particles  
[bounds > 1 TeV]

- Weakly interacting SUSY bounds is  
O(100 GeV) - 1 TeV

- Stringent limits for squarks and gluinos with large 
mass difference b/w relevant states

→

→

17ATL-PHYS-PUB-2026-003

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-003/
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Model !, γ Jets† Emiss
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ADD GKK + g/q 0 e, µ, τ, γ 1 → 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ → → 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH → 2 j → 139 n = 6 1910.084479.4 TeVMth

ADD QBH 1 e, µ 1 j → 165 n = 6 2604.194959.4 TeVMth

ADD BH multijet → ≥3 j → 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.6 TeVMth

RS1 GKK → γγ 2 γ → → 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass
Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass
Bulk RS gKK → tt 1-2e, µ ≥1 b, ≥1 J/4 j Yes 140 Γ/m = 30% 2512.178564.1 TeVgKK mass

2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ## 2 e, µ → → 139 1903.062485.1 TeVZ′ mass
SSM Z ′ → ττ 2 τ → → 36.1 1709.072422.4 TeVZ′ mass
Leptophobic Z ′ → bb → 2 b → 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass
SSM W ′ → #ν 1 e, µ → Yes 139 1906.056096.0 TeVW′ mass
SSM W ′ → τν 1 τ → Yes 139 2402.165765.0 TeVW′ mass
SSM W ′ → tb 0-1 e, µ 0-1 b, ≥1 JYes(1#) 139 2308.085214.6 TeVW′

R
mass

HVT W ′ →WZ model B 0-2 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass
HVT W ′ →WZ → #ν #′#′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 2207.03925340 GeVW′ mass
HVT Z ′ →WW model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146363.9 TeVZ′ mass
LRSM WR → µNR 2 µ 1 J → 139 m(NR) < 1 TeV, gL = gR 2304.095536.4 TeVWR mass

CI qqqq → 2 j → 37.0 η→LL 1703.0912721.8 TeVΛ
CI ##qq 2 e, µ → → 139 η→LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b → 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b → 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.6 TeVΛ

Axial-vector med. (Dirac DM) → 2 j → 139 gq=0.25, gχ=1, m(χ)=10 TeV ATL-PHYS-PUB-2022-0363.8 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 → 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.0 TeVmZ′

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV 2306.00641800 GeVma

Scalar LQ 1st gen 1 e ≥1 j Yes 140,55 B(S̃1 → je) = 1, λje = 1 2507.036503.4 TeVLQ1 mass

Scalar LQ 2nd gen 1 µ ≥1 j Yes 140,55 B(S̃1 → jµ) = 1, λjµ = 2.5 2507.036503.4 TeVLQ2 mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.2 TeVLQ3 mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b → 139 B(LQd
3 → tτ) = 1 2101.115821.4 TeVLQ3 mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 → 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.3 TeVLQ3 mass

Scalar LQ 3rd gen ≥2 e,µ,τ → → 140 B(S̃1 → bτ) = 1, λbτ = 2.5 2503.198362.1 TeVLQ3 mass
Scalar LQ mix gen 1 e ≥1 j, ≥1 j, ≥1 b → 140,55 B(S̃1 → be) = 1, λbe = 2.5 2507.036502.6 TeVLQmix mass
Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. 2306.176422.0 TeVLQ3 mass
Vector LQ mix gen 1 e, µ ≥4 j, ≥1 b Yes 139 B(Ũ1 → bµ) = 0.5, Y-M coupl. 2210.045172.0 TeVLQ3 mass

Vector LQ 3rd gen multi-channel → Yes 139 B(Ũ1 → bτ) = 0.5, λbτ = 2.5 2503.198362.5 TeVLQ3 mass
Vector LQ mix gen 1τ 1 b Yes 140 B(U1 → bτ) = 0.25, λcν = 2.5 CERN-EP-2026-1363.0 TeVLQmix mass

Vector LQ 3rd gen multi-channel ≥1 j, ≥1 b → 139 B(Ũ1 → tτ) = 1, Y-M coupl. 2401.119281.8 TeVLQ3 mass

VLQ TT → Ht/Zt + X 1e,µ ≥5 j, ≥2 b Yes 139 SU(2) doublet CERN-EP-2026-1311.6 TeVT mass
VLQ XX →Wt/Zb + X multi-channel 139 SU(2) doublet (X T) 2212.052631.5 TeVX mass
VLQ T → Ht/Zt multi-channel Yes 139 SU(2) singlet, ΓT /mT= 20% 2408.087892.0 TeVT mass
VLQ Y →Wb 1 e,µ ≥1 j, ≥1 b → 139 B(Y →Wb)= 1, ΓY /mY = 20% 2506.155152.3 TeVY mass
VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J → 139 SU(2) doublet, ΓB/mB= 20% 2308.025951.8 TeVB mass
VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ mass
VLL µ′ → Zµ/Hµ multi-channel → → 140 SU(2) doublet 2411.071431.3 TeVµ′ mass
VLL e′ → Ze/He multi-channel → → 140 SU(2) doublet 2411.071431.2 TeVe′ mass

Excited quark q∗ → qg → 2 j → 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass
Excited quark q∗ → qγ 1 γ 1 j → 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass
Excited quark b∗ → bg → 1 b, 1 j → 139 Λ = m(b∗) 1910.084473.2 TeVb∗ mass
Excited lepton τ∗ 2 τ ≥2 j → 139 Λ = 4.6 TeV 2303.094444.6 TeVτ∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j/1 J → 139 m(WR ) = 4.8 TeV, gL = gR 2304.095533.6 TeVNR mass
Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ## 2,3,4 e,µ (SS) → → 139 DY production 2211.075051.1 TeVH±± mass
Multi-charged particles → → → 139 DY + γγ fusion, |q| = 6e 2303.136131.6 TeVmulti-charged particle mass
Magnetic monopoles → → → 138 γγ fusion, |g | = 1gD , spin 1/2 2308.048353.6 TeVmonopole mass

Mass scale [TeV]10→1 1 10

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

√
s = 13.6 TeV

partial data

√
s = 13, 13.6 TeV

combined data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: Spring 2026

ATLAS Preliminary∫
L dt = (3.6 – 195) fb→1

√
s = 13, 13.6 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).

Heavy resonances - where we stand right now

ATL-PHYS-PUB-2026-004

http://cds.cern.ch/record/2961522


Conclusions

• Several avenues of BSM sector open for exploration at the LHC!

• General effort moving towards final-state signature driven 
searches with some benchmark signal models

• Alternative data-sets being utilised to probe EW-scale 
resonances

• Challenging/unconventional signatures being probed

• None of the results discussed today have a significant excess of 
events over expected SM background

• Stay tuned for full Run-3 and combined Run-2+3 results!
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BACKUP
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RPV SUSY (Full Run-2 + Partial Run-3)
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