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1 Heavy Particle Searches Summary Plot

Searches for heavy new particles have been carried out with the Run 2 dataset in proton–proton collisions
at
√

s = 13 TeV.

A representative set of the most sensitive recent results is included in the summary plot shown in Figure 1.
A detailed summary of resonance searches in the diboson final state is available at Ref. [1]. Additional
plots are also available for leptoquark searches [2] and dark-matter searches [3]. Some changes are made to
include updated references and to supersede older results with new ones. New entries relative to the July
2022 version of the summary plot [4] are as follows.

• Search for excited τ-leptons in a final state with τ-leptons and jets [5].

• Search for pair production of leptoquarks in a final state with at least three light leptons and at least
one b-tagged jet [6].

• Search for pair production of third-generation leptoquarks decaying into a bottom quark and a
τ-lepton [7].
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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 BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 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 e, µ ≥1 b, ≥1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 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 ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 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 ′ → ℓν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 139 ATLAS-CONF-2021-0255.0 TeVW′ mass

SSM W ′ → tb − ≥1 b, ≥1 J − 139 ATLAS-CONF-2021-0434.4 TeVW′ 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 → ℓν ℓ′ℓ′ 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 − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−
LL 1703.0912721.8 TeVΛ

CI ℓℓqq 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 1811.023052.57 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 ATLAS-CONF-2021-036800 GeVma

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass

Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu
3 → bτ) = 1 2303.012941.49 TeVLQu

3
mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. ATLAS-CONF-2022-0522.0 TeVLQV

3
mass

Vector LQ 3rd gen 2 e,µ, τ ≥1 b Yes 139 B(LQV
3 → bτ) = 1, Y-M coupl. 2303.012941.96 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet 2210.154131.46 TeVT mass

VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass

VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass

VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass

VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ 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 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 − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 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±± → ℓℓ 2,3,4 e,µ (SS) − − 139 DY production 2211.075051.08 TeVH±± mass

Multi-charged particles − − − 139 DY production, |q| = 5e ATLAS-CONF-2022-0341.59 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10

√
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partial data

√
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full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: March 2023

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 13 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).

Figure 1: Ranges of new particle masses or energy scales excluded at the 95% confidence level.
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2 Long-lived Particle Searches Summary Plot

Searches for long-lived particles have been carried out with the Run 2 dataset in proton–proton collisions
at
√

s of 13 TeV.

Recent updates of the results are included in the summary plot shown in Figure 2. Some changes are made
to include updated references and to supersede older results with new ones. New entries relative to the July
2022 version of the summary plot [4] are as follows.

• Search for long-lived massive particles with displaced vertices and multiple jets [8].
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RPV t̃ → µq displaced vtx + muon 136 2003.119560.003-6.0 mt̃ lifetime m(t̃)= 1.4 TeV

RPV χ̃01 → eeν/eµν/µµν displaced lepton pair 32.8 1907.100370.003-1.0 mχ̃0
1

lifetime m(q̃)= 1.6 TeV, m(χ̃01)= 1.3 TeV

RPV χ̃01 → qqq displaced vtx + jets 139 2301.138660.00135-9.0 mχ̃0
1

lifetime m(χ̃01)= 1.0 TeV

GGM χ̃01 → ZG̃ displaced dimuon 32.9 1808.030570.029-18.0 mχ̃0
1

lifetime m(g̃)= 1.1 TeV, m(χ̃01)= 1.0 TeV

GMSB non-pointing or delayed γ 139 2209.010290.24-2.4 mχ̃0
1

lifetime m(χ̃01, G̃)= 60, 20 GeV, BH= 2%

GMSB ℓ̃ → ℓG̃ displaced lepton 139 2011.078126-750 mmℓ̃ lifetime m(ℓ̃)= 600 GeV

GMSB τ̃→ τG̃ displaced lepton 139 2011.078129-270 mmτ̃ lifetime m(ℓ̃)= 200 GeV

AMSB pp → χ̃±1 χ̃01, χ̃
+
1 χ̃
−
1

disappearing track 136 2201.024720.06-3.06 mχ̃±
1

lifetime m(χ̃±1 )= 650 GeV

AMSB pp → χ̃±1 χ̃01, χ̃
+
1 χ̃
−
1 large pixel dE/dx 139 2205.060130.3-30.0 mχ̃±

1
lifetime m(χ̃±1 )= 600 GeV

Stealth SUSY 2 MS vertices 36.1 1811.073700.1-519 mS̃ lifetime B(g̃ → S̃g)= 0.1, m(g̃)= 500 GeV

Split SUSY large pixel dE/dx 139 2205.06013> 0.45 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

Split SUSY displaced vtx + Emiss
T 32.8 1710.049010.03-13.2 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

Split SUSY 0 ℓ, 2 − 6 jets +Emiss
T 36.1 ATLAS-CONF-2018-0030.0-2.1 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

H → s s 2 MS vertices 139 2203.005870.31-72.4 ms lifetime m(s)= 35 GeV

H → s s 2 low-EMF trackless jets 139 2203.010090.19-6.94 ms lifetime m(s)= 35 GeV

VH with H → ss → bbbb 2ℓ + 2 displ. vertices 139 2107.060924-85 mms lifetime m(s)= 35 GeV

FRVZ H → 2γd + X 2 µ−jets 139 2206.121810.654-939 mmγd lifetime m(γd )= 400 MeV

FRVZ H → 4γd + X 2 µ−jets 139 2206.121812.7-534 mmγd lifetime m(γd )= 400 MeV

H → ZdZd displaced dimuon 32.9 1808.030570.009-24.0 mZd lifetime m(Zd )= 40 GeV

H → ZZd 2 e,µ + low-EMF trackless jet 36.1 1811.025420.21-5.2 mZd lifetime m(Zd )= 10 GeV

Φ(200 GeV)→ ss low-EMF trk-less jets, MS vtx 36.1 1902.030940.41-51.5 ms lifetime σ × B= 1 pb, m(s)= 50 GeV

Φ(600 GeV)→ ss low-EMF trk-less jets, MS vtx 36.1 1902.030940.04-21.5 ms lifetime σ × B= 1 pb, m(s)= 50 GeV

Φ(1 TeV)→ ss low-EMF trk-less jets, MS vtx 36.1 1902.030940.06-52.4 ms lifetime σ × B= 1 pb, m(s)= 150 GeV

W → Nℓ,N → ℓℓν displaced vtx (µµ,µe, ee) + µ 139 2204.119880.74-42 mmN lifetime m(N)= 6 GeV, Dirac

W → Nℓ,N → ℓℓν displaced vtx (µµ,µe, ee) + µ 139 2204.119883.1-33 mmN lifetime m(N)= 6 GeV, Majorana

W → Nℓ,N → ℓℓν displaced vtx (µµ,µe, ee) + e 139 2204.119880.49-81 mmN lifetime m(N)= 6 GeV, Dirac

W → Nℓ,N → ℓℓν displaced vtx (µµ,µe, ee) + e 139 2204.119880.39-51 mmN lifetime m(N)= 6 GeV, Majorana
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*Only a selection of the available lifetime limits is shown.

Figure 2: Ranges of new particle lifetimes excluded at the 95% confidence level.

3



References

[1] ATLAS Collaboration,
Summary of diboson resonance searches at the ATLAS experiment using full Run-2 data,
ATL-PHYS-PUB-2023-007, 2023, url: https:
//atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/
(cit. on p. 2).

[2] ATLAS Collaboration, Summary Plots from ATLAS Searches for Pair-Produced Leptoquarks,
ATL-PHYS-PUB-2022-012, 2022, url: https:
//atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
(cit. on p. 2).

[3] ATLAS Collaboration, Dark matter summary plots for s-channel 2HDM+a and Dark Higgs models,
ATL-PHYS-PUB-2022-036, 2022, url: https:
//atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
(cit. on p. 2).

[4] ATLAS Collaboration,
Summary Plots for Heavy Particle Searches and Long-lived Particle Searches – July 2022,
ATL-PHYS-PUB-2022-034, 2022, url: https://cdsweb.cern.ch/record/2815305
(cit. on pp. 2, 3).

[5] ATLAS Collaboration, Search for excited τ-leptons and leptoquarks in the final state with τ-leptons
and jets in pp collisions at

√
s = 13 TeV with the ATLAS detector, CERN-EP-2023-008, 2023,

arXiv: 2303.09444 [hep-ex] (cit. on p. 2).
[6] ATLAS Collaboration, Search for leptoquark pair production decaying into t`− t̄`+ in multilepton

final states in pp collisions at 13 TeV with the ATLAS detector, ATLAS-CONF-2022-052, 2022
(cit. on p. 2).

[7] ATLAS Collaboration, Search for pair production of third-generation leptoquarks decaying into a
bottom quark and a τ-lepton with the ATLAS detector, CERN-EP-2022-267, 2023,
arXiv: 2303.01294 [hep-ex] (cit. on p. 2).

[8] ATLAS Collaboration, Search for long-lived, massive particles in events with displaced vertices and
multiple jets in pp collisions at

√
s = 13 TeV pp with the ATLAS detector, CERN-EP-2023-002, 2023,

arXiv: 2301.13866 [hep-ex] (cit. on p. 3).

4

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-036/
https://cdsweb.cern.ch/record/2815305
http://arxiv.org/abs/2303.09444
http://arxiv.org/abs/2303.01294
http://arxiv.org/abs/2301.13866

	1 Heavy Particle Searches Summary Plot
	2 Long-lived Particle Searches Summary Plot

