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Unexplained phenomena → Standard Model (SM) is not complete

parameters fine tuning, matter/anti-matter asymmetry, dark-matter...

Model ℓ, 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 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
√
s = 13 TeV

partial data

√
s = 13 TeV
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).
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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
√
s = 13 TeV

partial data

√
s = 13 TeV
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).
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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
√
s = 13 TeV

partial data

√
s = 13 TeV
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).
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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
√
s = 13 TeV

partial data

√
s = 13 TeV
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).

CMS results overview

Several beyond Standard Model (BSM) searches, focus here on:

Heavy Neutral Leptons (HNL), Long-Lived particles (LLP), Vector-like quarks (VLQ)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/


NEW! HNL via WW scattering in ee, eµ final states EXOT-2023-16

u
d

u
d

`′+

`+

W+

W+

N

`±`±(ee, eµ)

mjj > 500 GeV, |∆yjj | > 2

p`2
T discriminating variable

Neutrino oscillations implies non-zero ν masses

Neutrinoless double β decay: probe Majorana mass terms

BSM theories: Type-I Seesaw, LRSM, GUT,
dim-5 Weinberg operator

Observed Limit

Observed Limit

Expected Limit

Expected Limit

Limits on the mixing matrix elements |VeN |2, |VeNV
∗
µN |

Obs (exp) lim: |mee | < 24.5(23.6), |meµ| < 12.5(14.8) GeV

Comb w/ µµ: 95% CL in (|VeN |2, |VµN |2) plane 3 / 19

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-16


NEW! N → `±π∓ in B mesons leptonic and semileptonic decays EXO-22-019

Special dataset 41.6fb−1

1010bb̄ 80% purity

νMSM: predict sterile neutrino N, Majorana (LNV, LNC)
or Dirac (LNC) type. Mass mN , lifetime τN ∼ |VN |−2m−5

N

Mixing to SM ν families. Amplitudes and ratios:
|VN |2 ≡ |VeN |2 + |VµN |2 + |VτN |2, r` ≡ |V`N |2/|VN |2

Inclusive semileptonic B → `BNX (B = B0,B±,B0
s ,B

±
c )

or leptonic. Gen. 1 < mN < 3 GeV, 1 mm< cτN < 1 m

Trigger pT(µ) > 7− 12 GeV,
|η| < 1.5, dxy/σxy > 3− 6

Channels: µµ, eµ, µe (OS,SS)

Select pT(µ2(e) > 2(1.5) GeV,
|η| < 2(1.48), dxy/σxy > 1.5

par Neur Net pNN-score> 0.99

|VN |2 < 2.0 · 10−5 (mN = 1.95 GeV, Majorana), cτN < 10.5 m (mN = 1 GeV, Dirac) 4 / 19

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-019/index.html


NEW! HNL in final states with e, µ, hadronic τ EXO-22-011

q

q̄′

ℓ+
ℓ+
ℓ′−
ν̄ℓ′

W+
N W−

Heavy N: Majorana (LNV, LNC) or Dirac (LNC) type

Mixing matrix: exclusively to a single generation SM ν

Prod: Drell-Yan qq̄′ →W± → N`±; VBF qγ → N`±q′

Channels: eee, eeµ, eµµ, µµµ, eeτh, eµτh, µµτh

Event selection

= 3` tight, pT(`1) > 15 GeV

pT(τh) > 20 GeV, 1 or 3 prongs

jets pT > 25 GeV, = 0b-tags,

regions taylored to mN ≷ mW

on some, use BDT discriminant
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Limits on mixing matrix elements |VeN |2, |VµN |2, and |VτN |2 (first time for mN > mW )

Complementary to other searches, improved range of (mN , |VeN |2) exclusion limits 5 / 19

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-011/index.html


NEW! Long-lived HNL in lepton + displaced jet channel EXO-21-011
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q
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W∗+

Prompt lepton +
displaced lepton and
hadronic jet associated to
same secondary vertex

2 4 6 8 10 12 14 16 18 20

mN [GeV]

10−7

10−6

10−5

10−4

|V
eN

V
µ
N
|2 /

(|V
eN
|2
+
|V

µ
N
|2 )

Majorana

95% CL upper limits
Observed
Median expected
68% expected
95% expected

138 fb–1 (13 TeV)

CMS
Preliminary

95% CL upper limits
Observed
Median expected
68% expected
95% expected

|V
eN

V
µ
N
|2 /

(|V
eN
|2
+
|V

µ
N
|2 )

mN [GeV]

Majorana

2 4 6 8 10 12 14 16 18 20

mN [GeV]

10−7

10−6

10−5

10−4

|V
eN

V
µ
N
|2 /

(|V
eN
|2
+
|V

µ
N
|2 )

Dirac

95% CL upper limits
Observed
Median expected
68% expected
95% expected

138 fb–1 (13 TeV)

CMS
Preliminary

95% CL upper limits
Observed
Median expected
68% expected
95% expected

|V
eN

V
µ
N
|2 /

(|V
eN
|2
+
|V

µ
N
|2 )

mN [GeV]

Dirac

95% CL upper limits

Best limits to date for 11 < mN < 16 GeV

Depending on scenario, squared mixing parameters as low as 2.6× 10−7 excluded
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NEW! Long-lived bosons with displaced vertices in ID EXOT-2021-32
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More details here

“Higgs portal” neutral spin-0 boson s → q

Axion-like Nambu-Goldston boson a
associated to W/Z (a→ gg) or in tt̄ decay (a→ gg/cc̄)

→ All three models: hadronic decay vtx displaced wrt collision point

BDTj -score> 0.5, exploiting tracks |d0|, pT... to select displaced jets

First time use of new large-impact parameter tracks reconstruction

Dedicated jet pair trigger enriching vector boson fusion Higgs prod

Signal regions: split in nDV = 1(≥ 2) with BDTj0×BDTj1 > 0.9(0.7)

95% CL upper limits on all models. (∗) O(10) impr. (†) First time probed

B(H → ss → 4b) > 1% (ms = 55 GeV, cτs = 6− 68 mm) (∗)

B(H → ss → 4c) > 10% (ms = 5 GeV, cτs = 3− 20 mm)(†)

B(qq → Va) > 0.1 pb (ma > 40 GeV, cτa = 1.2− 192 mm) (†)

B(t → aq) > 0.1% (ma > 40 GeV, cτa = 4− 36 mm) (†) 7 / 19
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NEW Run-3! Low-mass LLP with displaced jets EXO-23-013

Novel trigger, machine
learning, reconstruction
techniques
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 SS→H 
b b→S 

 = 40 GeVSm

Observed

 (13 TeV)-1132 fb
Phys. Rev. D 104 (2021) 012015
CMS, disp. jets

 (13 TeV)-1117 fb
JHEP 03 (2022) 160
CMS, Z + disp. jets

95% CL upper limits with 34.7fb−1 at 13.6 TeV

Best limits to date for 15 < mLLP < 55 GeV, cτ < 1 m

First exclusions of hadronic τ lepton decays (cτ < 1 m)

B(H → SS → 4b(d)) > 1% excluded for mLLP > 40 GeV, 2(1) < cτ < 370(380) mm
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html


NEW! Heavy LLP with large ionization energy loss EXO-18-002

Search for heavy stable charged particle based on silicon dE/dx

95% CL upper limits with 101fb−1 at 13 TeV

D-Y production of τ ′ leptons pair |Q| = 1(2e) excl. below 1.20(1.47) TeV

B(Z ′ → τ ′τ ′) = 1 excl. as a function of mτ ′(2e) vs mZ ′

mZ ′
SSM

< 4.76 GeV excluded for mτ ′(2e) = 600 GeV
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-002/index.html


Long-lived dark photons (Falkowski-Ruderman-Volansky-Zupan) EXOT-2022-15

VBF produced 125 GeV Higgs boson → exotic decay to dark fermions fd
Prompt hidden lightest stable particle (HLSP) and γd from fd →HLSPγd(→ ee/µµ/qq̄)
cτγd < 7− 13 m, mγd ∼ O(MeV-GeV), kinetic mixing parameter ε < 10−5

Event selection

Trigger: tri-muon/narrow-scan/Emiss
T

≥ 2 jets, pT (jet)> 30 GeV, |∆ηjj | > 3,
mjj ≥ 1000 GeV, |∆φjj | < 2.5

0-leptons/b-jets, Emiss
T ≥ 100 GeV

non-collision bkgd veto: beam induced, cosmic

≥ 1 Dark Photon Jet (µ or calo). Respectively:

≥ 2 muon-spectrometer-only tracks (∆R = 0.4)
electromag fract< 0.4, QCD tagger> 0.5

H

HLSP

γd

fd

f̄d

fγd

f

f̄

HLSP

f̄

Combin. ggF , WH modes: 95%CL excl.
B(H→ 2γd+X)> 10% for 173 < cτγd < 1296 mm

1−10 1 10
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FRVZ Model
+X

d
γ2→H

 = 125 GeVHm

90% CL observed limits

B=10%
B=5%
B=1%
B=0.5%
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B=10%

 ATLAS -1=8-13 TeV, 20.3-139 fbs
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NEW! Emerging jets EXO-22-015

Long-lived dark mesons pair

Unflavored or flavor-aligned model

Explored: 5 < cτπdark < 500 mm, 1000 < mXdark
< 2500 GeV
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Event selection

Trigger HT > 1050 GeV

Large HT , > 4 jets, 2 tagged EJ

Agnostic and ML tagger

Exclusion

mXdark
< 1950 GeV (unflav) for cτπdark ∼ 100 mm, mπdark ∼ 10 GeV

mXdark
< 1850 GeV (flav) for cτπdark ∼ 500 mm, mπdark ∼ 10 GeV
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Vector-like quarks (VLQ)

New heavy fermions, introduced by many models

Little/Composite Higgs, string theory, large extra-dimensions...

Left-/right-handed components transform identically

Mass term included in L , independent of Yukawa couplings to H

Mix mainly to 3rd generation quarks to cancel H mass divergences
b

b

b

b

e−,µ−

e+,µ+

g

g

g
B

B

H

Z

Singlet, doublet or triplet. Charge e: T (+2/3), B(−1/3), X (5/3), Y (−4/3)

VLQ decay modes: T → tH, tZ , bW ; Y → bW ; B → bH, bZ , tW ; X → tW 12 / 19



TT̄ → WbWb, lepton+jets channel EXOT-2019-06

Optimized for T →Wb (100%)

Sensitive to all VLQs, combined BR

Explored: 1 < mVLQ < 2 TeV

Event selection

Trigger: pT (`) > 27 GeV or Emiss
T > 200 GeV

≥ 3 jets, ≥ 1 b-tagged jet, ≥ 1 large-R jet

Wlep: ∆R(`, ν) < 0.7; Whad : ∆R(Whad , bhad) > 1.0

|mlep
T −mhad

T | < 500 GeV

ST (=
∑

pT of selected objects +Emiss
T ) > 1900 GeV

Exclusion (95% CL): SU(2): mT < 1360 GeV

B(T →Wb) = 1: mT < 1700(1570) GeV

in the B(T →Wb) vs B(T → Ht) plane
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BB̄ , dileptonic and fully hadronic channels B2G-20-014

Combinations: bHbH, bHtW , bZtW , bHbZ , bZbZ

All hadronic, last two also with Z → ee/µµ

Categories in jet/large-jet multiplicities, ISR/FSR

Event selection

Trigger eff: 98% for pT (`) > 50 GeV, 99% for
HT (=

∑
pT of selected objects) > 1350 GeV

Depending on channel: 3− 6 jets, 1− 4 b/bb̄-tagged

χ2
mod = (∆mVLQ −∆mVLQ)/σ2

∆mVLQ
+∑

Z/H/W /t (∆mi −∆mi )/σ
2
∆mi

→ Used to choose channel, jet config, as discriminant

Exclusion (95% CL) in B(B → tW ) vs B(B → bH)

B(B → bH) = 1: mB < 1570 GeV

B(B → bZ ) = 1: mB < 1540 GeV 14 / 19

https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-014/index.html


Conclusions: new results, improvements, first time measurements
Heavy Neutral Leptons - HNL

Majorana neutrino in WW scattering: |mee | < 24.5, |meµ| < 12.5 GeV

Light neutrino in B decays: |VN |2 < 2.0 · 10−5, cτN < 10.5 m

Three leptons final states: improved range (mN , |VeN |2), first time |VτN |2 (mN > mW )

Long-lived N in `+jets: best limit to mixing parameters in 11 < mN < 16 GeV range

Long-Lived Particles - LLP

Bosons with displaced inner detector vertices: new (B vs cτs,a) limits for various ms,a

Higgs to neutral scalars in displaced jets: best limits for 15 < mLLP < 55 GeV, cτ < 1 m

Large silicon dE/dx deposit: mZ ′
SSM

< 4.76 GeV excluded for mτ ′(2e) = 600 GeV

Long-lived dark photons: B(H→ 2γd+X)> 10% for 173 < cτγd < 1296 mm

Long-lived dark mesons excluded in (mXdark
vs cτπdark ) plane mπdark ∼ 10 GeV

Vector-Like Quarks - VLQ

Vector-like TT̄ →WbWb exclusion in B(T →Wb) vs B(T → Ht) plane

Vector-like BB̄ exclusion in B(B → tW ) vs B(B → bH) plane 15 / 19



More details on LLP bosons with displaced vertices in ID EXOT-2021-32
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JHEP 06 (2022) 005
-1Tracker+Muon System, 36 fb

Phys. Rev. D 101 (2020) 052013
-1Tracker, 139 fb

JHEP 11 (2021) 229
-1Tracker (this result), 37.5-140 fb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-32


CMS Summary of neutrino exclusion limits
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More CMS results overview
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2403.00100 (3e)MSM, |VeN|2 = 1.0,  |V N|2 = 0.0 0.01 1.24 TeV  138 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III Seesaw Heavy Fermions, B = 1.0, Be = B = 0.0 100 890 GeV  137 fb 1

2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III Seesaw Heavy Fermions, B = 1.0, Be = B = 0.0 0.1 1.065 TeV  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III Seesaw Heavy Fermions, Be = 1.0, B = B = 0.0 100 990 GeV  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III Seesaw Heavy Fermions, Flavor Democratic 100 980 GeV  137 fb 1

1806.10905 ( 1j + 2 )MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.04 1.24 TeV  36 fb 1

CMS Preliminary

Overview of CMS HNL results
March 2024

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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2210.03082 (2 + 2j)Composite Fermions N , MN < 0.5 6.1 TeV  137 fb 1
2210.03082 (2 + 2j)Composite Fermions Ne, MNe < 0.5 6 TeV  137 fb 1

2307.06959 (2 , 4j)LRSM ZR( NR), MNR = 0.25MZR 0.1 4.1 TeV  137 fb 1
2307.06959 (2 , 4j)LRSM ZR( NR), MZR < 0.5MN ( = 100GeV) 0.1 4.38 TeV  137 fb 1

2307.06959 (2e, 4j)LRSM ZR(eNR), MNR = 0.25MZR 0.1 3.59 TeV  137 fb 1
2307.06959 (2e, 4j)LRSM ZR(eNR), MZR < 0.5MN ( = 100GeV) 0.1 2.79 TeV  137 fb 1

2112.03949 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.1 5.4 TeV  137 fb 1
2112.03949 (2 + 2j)LRSM WR( NR), MWR < MN ( = 200GeV) 0.1 5 TeV  137 fb 1

2112.03949 (2e + 2j)LRSM WR(eNR), MNR = 0.5MWR 0.1 4.8 TeV  137 fb 1
2112.03949 (2e + 2j)LRSM WR(eNR), MWR < MN ( = 200GeV) 0.1 4.7 TeV  137 fb 1
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1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.2MWR 1 3.75 TeV  36 fb 1
1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.8MWR 1 3.52 TeV  36 fb 1
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2403.04584 (BParking)Displaced HNL from B meson decay, |V N|2 = 5.0 × 10 5 1.1 3 GeV  42 fb 1
CMS-PAS-EXO-21-011 (2 , 1j)Displaced Dirac HNL, |V N|2 = 1.0 × 10 5 4 16.5 GeV  138 fb 1

CMS-PAS-EXO-21-011 (2e, 1j)Displaced Dirac HNL, |VeN|2 = 1.0 × 10 5 4.5 14.1 GeV  138 fb 1
CMS-PAS-EXO-21-011 (2 , 1j)Displaced Majorana HNL, |V N|2 = 1.0 × 10 5 3.5 15.5 GeV  138 fb 1

CMS-PAS-EXO-21-011 (2e, 1j)Displaced Majorana HNL, |VeN|2 = 1.0 × 10 5 4.1 13 GeV  138 fb 1
CMS-PAS-EXO-22-017 (e/ + MDS)Displaced Dirac HNL, |V N|2 = 1.0 × 10 3 1.3 2.1 GeV  137 fb 1

CMS-PAS-EXO-22-017 ( + MDS)Displaced Dirac HNL, |V N|2 = 5.0 × 10 5 1.45 3.1 GeV  137 fb 1
CMS-PAS-EXO-22-017 (e + MDS)Displaced Dirac HNL, |VeN|2 = 5.0 × 10 5 1.45 2.9 GeV  137 fb 1

CMS-PAS-EXO-22-017 (e/ + MDS)Displaced Majorana HNL, |V N|2 = 1.0 × 10 3 1.25 1.9 GeV  137 fb 1
CMS-PAS-EXO-22-017 ( + MDS)Displaced Majorana HNL, |V N|2 = 5.0 × 10 5 1.3 2.7 GeV  137 fb 1

CMS-PAS-EXO-22-017 (e + MDS)Displaced Majorana HNL, |VeN|2 = 5.0 × 10 5 1.3 2.6 GeV  137 fb 1
CMS-PAS-EXO-21-013 (1 , 1j)Displaced Dirac HNL, |V N|2 = 1.0 × 10 5 2.7 12.8 GeV  137 fb 1

CMS-PAS-EXO-21-013 (1e, 1j)Displaced Dirac HNL, |VeN|2 = 1.0 × 10 5 3 12.2 GeV  137 fb 1
CMS-PAS-EXO-21-013 (1 , 1j)Displaced Majorana HNL, |V N|2 = 1.0 × 10 5 2.1 12.4 GeV  137 fb 1

CMS-PAS-EXO-21-013 (1e, 1j)Displaced Majorana HNL, |VeN|2 = 1.0 × 10 5 2.9 11 GeV  137 fb 1
2201.05578 (2 + 1 )Displaced Dirac HNL, |V N|2 = 1.0 × 10 5 2.63 14.93 GeV  137 fb 1

2201.05578 (2e + 1 )Displaced Dirac HNL, |VeN|2 = 1.0 × 10 5 4.58 14.11 GeV  137 fb 1
2201.05578 (2 + 1 )Displaced Majorana HNL, |V N|2 = 1.0 × 10 5 2.37 13.24 GeV  137 fb 1

2201.05578 (2e + 1 )Displaced Majorana HNL, |VeN|2 = 1.0 × 10 5 4.36 12.52 GeV  137 fb 1
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M

VB
F 2206.08956 (2 + 2j)Type I Seesaw VBF SSWW, |V N|2 = 1.0 0.05 23 TeV  137 fb 1

Source with full table
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Overall_summary_plot/


References

“Search for heavy Majorana neutrinos via scattering of same-sign W boson pairs in the ee and eµ final states in
proton-proton collisions at

√
s = 13 TeV, EXOT-2023-16

“Search for long-lived heavy neutrinos in the decays of B mesons produced in proton-proton collisions at√
s = 13 TeV”, EXO-22-019

“Search for heavy neutral leptons in final states with electrons, muons, and hadronically decaying tau leptons in
proton-proton collisions at

√
s = 13 TeV”, EXO-22-011

“Search for long-lived heavy neutral leptons in proton-proton collision events with a lepton and a jet from a
secondary vertex at

√
s = 13 TeV”, EXO-21-011

“Search for light long-lived particles in pp collisions at
√
s = 13 TeV using displaced vertices in the ATLAS inner

detector”, EXOT-2021-32
“Search for low-mass long-lived particles using displaced jets in proton-proton collisions at

√
s = 13.6 TeV”,

EXO-23-013
“Search for heavy long-lived charged particles with large ionization energy loss in proton-proton collisions at√
s = 13.6 TeV”, EXO-18-002

“Search for light long-lived neutral particles from Higgs boson decays via vector-boson-fusion production from pp
collisions at

√
s = 13 TeV with the ATLAS detector” EXOT-2022-15

“Search for new physics with emerging jets in proton-proton collisions at
√
s = 13 TeV”, EXO-22-015

“Search for pair-production of vector-like quarks in lepton+jets final states containing at least one b-tagged jet
using the Run 2 data from the ATLAS experiment” EXOT-2019-06
“A search for bottom-type vector-like quark pair production in dileptonic and fully hadronic final states in
proton-proton collisions at 13 TeV”, B2G-20-014

19 / 19

https://cds.cern.ch/record/2892600
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-019/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-011/index.html
https://cds.cern.ch/record/2892670
https://cds.cern.ch/record/2892679
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-002/index.html
https://inspirehep.net/literature/2728869
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-22-015/index.html
https://inspirehep.net/literature/2753146
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-014/index.html

