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• A rich program of new physics searches by ATLAS 

and CMS has been underway, to address the many 

questions left unanswered by the Standard Model.

• Under a myriad of new physics scenarios, new 

phenomena could manifest itself via resonant or non-

resonant effects in a wide energy range.

Introduction

• This overview covers new results by ATLAS and CMS, targeting:

• Hadronic, dilepton and lepton+jets, and diboson final states.

• Wide variety of final states that are generic probes for many models of new physics…

• …as well as final states that are motivated by particular classes of models.

• Powerful programs with large focus on re-interpretability of results.

• Many results include excellent LHC full Run 2 dataset: 140-150/fb of 13 TeV collisions. 

SM

Resonant new physics

Non-resonant 
new physics

Mass

Not covering 
SUSY or Dark 

Matter searches!
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• A probe for heavy gauge bosons, excited quarks, quantum black holes, Kaluza-Klein 
gravitons, chiral excitations of the W boson, SSM Z’, top-assisted-technicolor Z’, Z’ 
dark matter mediators, …

• A wide range of masses, from 350 GeV to 10 TeV.

Highlights:

• New trigger technique for low mass acceptance.

• New and improved b-tagging algorithms at high-pT.

• Dedicated techniques to identify high-pT (boosted) top-jets.

Searches for hadronic resonances

top-pair event 
with mtt=4.83 TeV

di-jet event 
with mjj=8 TeV
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• Inclusive result and in events with 1 or 2 b-jets.

• Jets close in |Δy| (to reject background).

• Background from sliding-window fit to data. 

• Exclusions on several benchmarks: e.g. excited quarks, 
chiral excitation of the W, leptophobic Z’ DM mediator.

• For reinterpretation: 95% CL cross-section limits on 
gaussian-shaped signals of various widths (up to 15%) 
as a function of the mass.

Di-jet resonances Full Run 2 dataset ATLAS: JHEP03(2020)145

1st application of new deep 
neural network for b-tagging 
[Eur.Phys. J.C79(2019)970]

A search for di-jet resonances in events with a 
charged lepton not covered here: EXOT-2018-32

Dijet event with mjj=9.5 TeV

https://link.springer.com/article/10.1007/JHEP03(2020)145
https://arxiv.org/abs/1907.05120
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-32/
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• "Wide" jets by combining R=0.4 close-by jets: reduce analysis 
sensitivity to final state radiation.

• Parametric fit to signal region data for 1.5 < mjj < 2.4 TeV.

• New "ratio method" for mjj > 2.4 TeV: using control regions with 
larger Δη values and MC-to-data transfer factors.

Di-jet resonances Full Run 2 dataset CMS: JHEP05(2020)033
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https://link.springer.com/article/10.1007/JHEP05(2020)033
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• How to get sensitivity at lower masses?

• E.g. to dark matter mediators.

• Data-scouting: 3-jet events reconstructed 
and recorded at higher rate in a compact 
form (only calorimeter-based jets) with lower 
pT thresholds.

• Background from parametric fit to data.

Di-jet resonances CMS: PhysLettB(2020)135448

Dijet mass from the two pT  leading jets in the event.
Limits for vector 

resonance decaying to 
quark-anti-quark pair.

https://www.sciencedirect.com/science/article/pii/S0370269320302525?via=ihub
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Fully-hadronic top-pair resonances
Full Run 2 datasetATLAS: EXOT-2018-48

• What if couplings to third generation are favored? 

• Search for resonances from top-pairs with masses > 1.4 TeV.

• Fully-hadronic top decays are captured in a large-radius jet.

• New DNN top tagger: substructure variables as features.

• b-tagging with variable-radius track-jets: two signal regions with 
1 or 2 b-tagged jets.

• Background from SM multijet and top-pair production from fit to data.

• Z’TC2 with Γ/m=1%(3%) excluded for masses up to 3.9 (4.7) TeV.

Improved analysis 
techniques lead to 

65% improvement in 
exp. limits at 4 TeV.

Spurious-signal uncertainties 
dominate above 4.5 TeV.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-48/
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Dilepton and lepton+jets final states

• Dilepton signatures: the cleanest final states 
to probe for new physics!

• Typical benchmarks: Z’ bosons in the 
Sequential Standard Model (SSM), Heavy 
Vector Triplet (HVT) and E6 GUT models.

• Lepton+jets as probes for excited leptons 
and leptoquarks.

di-muon event 
mμμ = 2.75 TeV

Highlights:

• Increasing use of generator-only MC 
samples or fully data-driven approaches for 
background estimation.

• More data leads to better understanding of 
the detector: e.g. improved treatment of 
relative alignment of sub-detectors, critical 
for high-pT muons.

Searches in ℓ±ν final states not covered here: 
EXOT-2018-30 (ATLAS) and EXO-16-033 (CMS)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/index.html
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• Narrow and broad in range: 250 GeV to 6 TeV.

• Data-driven background estimation above Z peak.

• Generic signal shape at various widths: Breit-
Wigner convolved with detector resolution.

• Cross-sections for spin-0, 1 and 2 benchmarks 
obtained in fiducial volume for compatibility with the 
definition of the generic signal model.

Dilepton resonances Full Run 2 dataset

ATLAS: PhysLettB796(2019)68 CMS: EXO-19-019

• Narrow resonances in range 200 GeV to 5.5 TeV.

• Main backgrounds from simulation.

• Search in mass window of assumed Z’SSM or Z’Ѱ 
resonance mass.

• 95% CL limits on ratio of cross-section for new 
signal wrt SM Z boson: cancels experimental and 
theoretical uncertainties common to both.
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https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub
https://cds.cern.ch/record/2684757/files/EXO-19-019-pas.pdf


10

• Search for enhanced dilepton rates for masses 
above 2 TeV: can be interpreted with 2q2l contact 
interaction (CI) framework.

• First use of data-driven background estimate and 
single-bin high-mass signal region.

• Functional form fit to data in control region and 
extrapolated to signal region.

• Lower limits on the CI scale for different chiral 
structure and interference sign.

Dilepton non-resonant

For destructive 
interference only: gap 
between CR and SR 
to avoid cancellation.

Strongest limits on combined 
LL constructive model.

Full Run 2 dataset

ATLAS: EXOT-2019-16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
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lepton+jet resonances CMS: JHEP05(2020)052

• Search for excited muon or electron decaying to 1l + 2jets.

• Contact interaction for production and decay with energy scale Λ.

• Main backgrounds (top-pair and DY) from simulation, validated in 
dedicated regions in low Mll events.

l* produced in association with a 
lepton of the same flavour.

Excited electrons (muons) 
excluded up to masses of 5.6 

(5.7) TeV, under Ml* = Λ.

In terms of substructure scale 
Λ, limits of 11 (12) TeV for 

excited electrons (muons) of 
mass ~2 TeV.

https://link.springer.com/article/10.1007/JHEP05(2020)052
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Searches for diboson resonances

• Targeting O(100 GeV) to multi-TeV resonances (radions, gravitons, new 
vector bosons, extended Higgs sector) in different BSM scenarios:

• Warped extra-dimensions, composite Higgs, technicolor, …

V/H/y/?

V/H/y/?

V/H/y/?

V/H/y/?

V/H/y/?

V/H/y/?

Highlights:

• Improved tagging algorithms for high-pT V→qq, 
H→bb, H→ττ decays:

• Dense environment: critical to combine 
calorimeter with superior angular resolution of 
trackers.

• Novel analysis methods: 3D likelihood fits and 
anomaly detection techniques for broadening 
scope of the searches.
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• Search for massive resonances decaying to WW, WZ or ZZ.

• Boosted W/Z decaying into single large-radius jets and within |Δη|<1.3.

• W/Z tagging with high-purity and low-purity selections: recovering 
acceptance where background is small.

VV→qqqq resonances CMS: EurPhysJC80,237(2020)

W/Z-tagging with N-subjettiness, 
after mass decorrelation.

• New analysis method: 3D fit to masses of the two jets and dijet 
invariant mass ⇒ up to 30% improvement in sensitivity.

• Benchmarks: Randall-Sundrum gravitons and Heavy Vector Triplets

• Under HVT Model B, exclusions for W’ (Z’) resonances with 
masses below 3.8 (3.5) TeV.

https://doi.org/10.1140/epjc/s10052-020-7773-5
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• Search for massive resonances decaying to WW, WZ or ZZ boson pairs via gg 
fusion (ggF), Drell-Yan (DY) or vector boson fusion (VBF).

• Wide mass range: 300 GeV to 5 TeV.

• V → qq reconstructed as 2 small-R jets or a single large-R jet depending on pT(V).

• Recurrent neural network with 4-momentum of small-radius jets for 
categorizing between ggF/DY or VBF:

• VBF production typically accompanied of well-separated jets with large dijet 
invariant mass.

Semi-leptonic VV resonances (I) ATLAS: HDBS-2018-10

Full Run 2 dataset

Boosted W/Z tagging via 
mass and substructure (D2) 

cuts: larger signal acceptance 
where background is small.

Three distinct channels: 

• ZV → ννqq (0-lepton)

• WV → lνqq (1-lepton)

• ZV → llqq (2-lepton)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-10/
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• Separate WW+ZZ and WZ fits are performed for the ggF/
DY and VBF production modes, but including signal and 
control regions from both categories.

• Dominant backgrounds from simulation: simultaneous fit to 
mVV (or mT,VV) in signal regions and Z+jets, W+jets and top-
pair control regions.

Semi-leptonic VV resonances (II) ATLAS: HDBS-2018-10

Full Run 2 dataset

Largest excess in RS radion 
fit at mT ~ 1.5 TeV (2.8σ)

Obs (exp) 95% CL lower 
limits on the mass in TeV:

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-10/
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VH→qqbb resonances ATLAS: HDBS-2018-11Full Run 2 dataset

• Fully-hadronic final state: two large-radius jets, jet substructure, track 
multiplicity and b-tagging to identify H→bb and V→qq(') candidates.

• Variable-radius track-jets for b-tagging: pT-dependent radius to 
resolve highly boosted bb pairs from Higgs boson decay.

• Signal regions with 1 or 2 b-tagged jets.

• Background (dominated by multijet) estimated from region with 0-tag: 
BDT trained on control region data to estimate extrapolation 
corrections to 1 and 2-tag.

Substantial improvement in sensitivity at high 
masses (e.g. due to improved H→bb tagging) 

Limits in coupling plane 
for HVT framework.

HVT Model B exclusions of W’ (Z’) up to 3.20 (2.65) TeV.
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HH→bbττ resonances ATLAS: CONF-2020-012Full Run 2 dataset

• Targets boosted Higgs boson decays into bb-pair and two 
hadronically decaying τ-leptons.

• New method for reconstructing and identifying the ττ pair.

• b-tagging of variable-radius track-jets for H→bb.

• Relative fractions of Z+jets (light vs heavy flavor) adjusted 
from control region in data.

• Observed cross-section limits on heavy, narrow-width, scalar 
resonance between 88 and 46 fb (1.2-3 TeV).

BDT with calorimeter, tracking and vertexing 
information, trained on G→HH→ττττ 
simulation vs multi-jet enriched data.
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• Fits performed to a portion of the mjj distribution after cut 
on NN outputs (one per signal region) at selection 
efficiencies of 1% and 10%.
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A→BC with weak supervision
Full Run 2 dataset

ATLAS: HDBS-2018-59

• Generic search for new resonances via anomaly detection 
procedure, targeting dijet topology with large-radius jets.

• CWoLa method: Classification WithOut LAbels for generic new 
physics in A→BC topology.

• Using data in a series of mjj regions, train NNs to distinguish 
signal region from sidebands (jet masses as input features).

mA: O(1 TeV)
mB, mC: O(100 GeV)

Cross section limits for 
narrow-width A, B, and C 

particles for different 
values of mA, mB, mC.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-59/


• Huge effort by CMS and ATLAS to cover a wide 
kinematic range and final states.

• Producing re-interpretable limits to increase the 
longevity of each result.

• Broadening the scope by minimizing direct 
theory biases.

• Making the most out of the full dataset, with 
improved knowledge of the detector and novel 
analysis techniques leading to improved 
sensitivity.

Many more details will be covered in parallel talks:
• Searches for heavy resonances at ATLAS and CMS, by Oscar Gonzalez Lopez
• Diboson resonance and vector-like quark searches at ATLAS and CMS, by Miaoran Lu
• Boosted object identification in searches in ATLAS and CMS, by Pantelis Kontaxakis
• Search for heavy resonances decaying to Higgs bosons at ATLAS & CMS, by Ke Li 

Summary and outlook
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Backup
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ATLAS summary plot
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CMS summary plot
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ATLAS: di-jet resonances
ATLAS: JHEP03(2020)145

https://link.springer.com/article/10.1007/JHEP03(2020)145
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CMS: di-jet resonances CMS: JHEP05(2020)033

Fit method:

Ratio method:

https://link.springer.com/article/10.1007/JHEP05(2020)033
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CMS: low mass di-jet resonances
CMS: PhysLettB(2020)135448

https://www.sciencedirect.com/science/article/pii/S0370269320302525?via=ihub
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ATLAS: EXOT-2018-48

Fully-hadronic top-pair resonances
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CMS: dilepton resonances
CMS: EXO-19-019

https://cds.cern.ch/record/2684757/files/EXO-19-019-pas.pdf
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ATLAS: dilepton non-resonant ATLAS: EXOT-2019-16

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/
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CMS: lepton+jets CMS: EXO-18-013

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-013/
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CMS: VV→qqqq resonances (I)
CMS: EurPhysJC80,237(2020)

https://doi.org/10.1140/epjc/s10052-020-7773-5
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CMS: VV→qqqq resonances (II)
CMS: EurPhysJC80,237(2020)

https://doi.org/10.1140/epjc/s10052-020-7773-5
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ATLAS: semi-lep VV resonances ATLAS: HDBS-2018-10

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-10/
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VH→qqbb resonances ATLAS: HDBS-2018-11

CR

VR1

VR2

NOT ALLOWED

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-11/
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HH→bbττ resonances ATLAS: CONF-2020-012
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-012/
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A→BC with weak supervision ATLAS: HDBS-2018-59

Non-ATLAS figures taken from CERN seminar.

https://indico.cern.ch/event/853615/attachments/2037283/3411394/CWoLa_5.13.20_v2.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-59/
https://indico.cern.ch/event/853615/attachments/2037283/3411394/CWoLa_5.13.20_v2.pdf

