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Where is new physics?

• signature-based generic searches
• model-driven targeted searches

We don’t know  

Exploring the unknown 

New technique to explore new ground 
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We don’t know  

Z

Exploring the unknown 

Warped Extra Dimension: 
Integration of gravity in SM and 
solution to the hierarchy problem

Where is new physics?
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We don’t know  

Exploring the unknown 

New gauge bosons: Z/W-like
Z’ as Dark Matter mediator
 

Where is new physics?
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In this talk, focus on…
Many Beyond SM theories predict new resonances at the TeV mass scale
This talk focuses on recent BSM results with full 13 TeV dataset

• Dilepton 
• Dijet  
• Diboson —> Di-scalar

SM 

SM BSM bSM 

aSM 

m(ab) 
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DILEPTON RESONANCES
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Z’→ ll

Look for a peak on top of the SM 
background

3 TeV
q

q̄
Z’

p

p

ℓ−

ℓ+

Phys. Lett. B 796 (2019) 68
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https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub
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Lower Z’ mass searches arXiv:2402.15212
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https://arxiv.org/abs/2402.15212
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W’→ 𝜏ν

Neutrinos are partially reconstructed 
assuming momentum conservation in the 
transverse plane

MET+lepton transverse mass used to 
extract the signal
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Phys. Rev. D 109 (2024) 112008
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112008
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Results

Z’ and W’ tested up to 6 TeV in Sequential Standard Model 

Z’→ ll W’→ 𝜏ν
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Phys. Rev. D 109 (2024) 112008
Phys. Lett. B 796 (2019) 68

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112008
https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub


DIJET RESONANCES

Dijet mass 
8.12 TeV
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Dijet resonances

• A classic program at hadron colliders
• Sensitive to several scenarios

• excited quarks, strings, new 
bosons, gravitons, DM
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Figure B.10: Representative Feynman diagrams showing the pair produc-
tion of dark matter particles in association with a radiated gluon from the
initial state (left) and the pair production of quarks (right) via a vector or
axial-vector Z0

B
mediator. The cross section and kinematics depend on the

mediator and dark matter masses, and the mediator couplings to dark mat-
ter and quarks respectively: (mmed, mDM, gDM, g

0
q) [255].

the minimal decay width of the mediator is given by the sum of the partial
widths for all decays into DM particles and quarks that are kinematically
accessible:

Gtot = Gcc + 3 Â
q

Gqq (B.4)

The partial widths are given by:
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where mmed is the mediator mass, mDM is the mass of the DM particle,
which is assumed to be a Dirac fermion, and mq is the quark mass. The two
different types of contribution to the total width vanish for mmed < 2mDM

and mmed < 2mq, respectively.

To derive the limit on g
0
B

in this model in the case of a nonzero mediator
decay width to DM particles Gcc, it is simplest to begin with the limit on gB

q/g q/g

q/gq/g

              
                            X

two small radius jets 
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FIG. 1. Leading experimental limits in the coupling gB versus mass MZ′

B
plane for Z ′

B resonances. Values of gB

above each line are excluded at the 95% C.L.

note that an update of the “scouted data” anal-

ysis [23] with more luminosity by CMS (and AT-

LAS) would also push sensitivity to lower cou-

plings in the several hundred GeV mass range.

The plot is not extended above gB = 2.5,

because the U(1)B coupling constant is already

large, αB = g2B/(4π) ≈ 0.5, so that it is diffi-

cult to avoid a Landau pole. For that large cou-

pling, the current mass reach is around 2.8 TeV.

The 14 TeV LHC will extend significantly the

mass reach, and can probe smaller couplings once

enough data is analyzed. Note that couplings of

gB ≈ 0.1 can be viewed as typical (the analogous

coupling of the photon is approximately 0.3), and

even gB as small as 0.01 would not be very sur-

prising.

We also present the coupling–mass mapping

for colorons in Figure 2. For clarity, we only

show the envelope of the strongest tan θ upper

limits from all available analyses at each coloron

mass. This mapping is performed again using

leading order production. The NLO corrections

to coloron production have been computed re-

cently [48], and can vary between roughly −30%

and +20%. We do not take the NLO corrections

into account as we do not have an event gen-

erator that includes them; furthermore, there is

some model dependence in the NLO corrections
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universal quark coupling 
to leptophobic ZB’
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the minimal decay width of the mediator is given by the sum of the partial
widths for all decays into DM particles and quarks that are kinematically
accessible:

Gtot = Gcc + 3 Â
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where mmed is the mediator mass, mDM is the mass of the DM particle,
which is assumed to be a Dirac fermion, and mq is the quark mass. The two
different types of contribution to the total width vanish for mmed < 2mDM

and mmed < 2mq, respectively.

To derive the limit on g
0
B

in this model in the case of a nonzero mediator
decay width to DM particles Gcc, it is simplest to begin with the limit on gB

L / gB
6
Z 0
Bµq̄�

µqL / gB
6
Z 0
Bµq̄�

µq

Spps Explored @ 
LHCTevatron
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accessible:
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where mmed is the mediator mass, mDM is the mass of the DM particle,
which is assumed to be a Dirac fermion, and mq is the quark mass. The two
different types of contribution to the total width vanish for mmed < 2mDM

and mmed < 2mq, respectively.

To derive the limit on g
0
B

in this model in the case of a nonzero mediator
decay width to DM particles Gcc, it is simplest to begin with the limit on gB
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Spps Explored @ 
LHCTevatron

trigger limited @LHC, but…
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Classic dijet search
Classic resonance search for Mjj in the range 1.1–8 TeV
Low mass analysis for 450-1800 GeV (Trigger Limited Analysis)
• lower trigger thresholds by recording only information necessary to perform analysis

Phys. Rev. Lett. 121 (2018) 081801
JHEP 03 (2020) 145

14

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.081801
https://link.springer.com/article/10.1007/JHEP03(2020)145
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Light dijet resonances: Z’+ISR

• ISR γ allows to lower jet pT threshold 
• The search is performed in the 250–

650 GeV dijet mass range

arXiv:2403.08547

15

https://arxiv.org/abs/2403.08547
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X→HH

H(bb̄)H(bb̄) most sensitive channel 
for mX > 400/500 GeV
H(γγ)H(bb̄) complement in the low 
mass

H(γγ)H(bb̄) 

H(bb̄)H(bb̄) 

Phys. Rev. Lett. 132 (2024) 231801

17

https://link.aps.org/doi/10.1103/PhysRevLett.132.231801
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X→SH(γγ)
Search for the production of spin-0 resonances 
with masses between 0.3 and 2.0 TeV
• both in the leptonic and hadronic final states

arXiv:2404.12915 

• hadronic

leptonic

arXiv:2405.20926
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https://arxiv.org/abs/2404.12915
https://arxiv.org/abs/2405.20926
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Vector Like Quarks
19
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Vector-Like Quarks
Vector-like quarks are extra family of quarks 
with symmetric “vector-like” couplings to W,Z
Production via 
• QCD (pair) is model independent
• EW (single) interactions depends on the 

mixing with SM quarks
Both charged- and neutral-current decays are 
possible for B(-1/3) and T(2/3) 
 
 T  →  bW,  tZ,  th   

B  → bZ,  bh, tW  

b-tagging in boosted topology leads to high 
sensitivity also in the fully hadronic final state

arXiv:1211.5663

QCD pair production

single production with t
single production with b

20
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TT→WqWq

• Considering VLQ mixing with light quarks
• Limits as a function of BR(W/Z/Hq)

arXiv:2405.19862
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https://arxiv.org/abs/2405.19862
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tZ(ll)+X
Phys. Rev. D 109 (2024) 112012

• Both leptonic and hadronic top decay included
• Limits for singlet and doublet representations
• Strongest experimental limits for singlet case

22

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112012
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ATLAS has well-developed searches in place for new physics
The 13/13.6 TeV dataset should increase by a factor 2 by the end of Run 3 in 2025
• LHC will probe smaller couplings with more data
Improvements are also possible from :
• optimized events selection and improved object reconstruction
• include theory improvements on SM predictions
• new analysis techniques as the low-mass-dijet search

Conclusions & Perspectives

Stay Tuned
23
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2020 2021 2022 2023 2024 2025 2026 2027 2028

Upgrade of accelerator 
and experiments 

HL-LHC installation 
ATLAS Upgrade

LHC HL-LHC

2019

Run 2 Run 3 Run 4/5

2039…

TODAY
Phase-2 HL-LHC detector 
upgrades are being built 



Caterina Vernieri  ・ LCWS 2024 ・ Tokyo

HL-LHC
• Increased tracking acceptance and 

granularity, and timing will be key to 
identify forward jets and preserve 
resolution

• Significant gains in rare BSM 
processes from x10 more luminosity
• Long lived particle signatures will 

benefit from dedicated data 
streams and new detector 
capabilities

25
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