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Why search for new physics?

nonzero neutrino mass
⇒ see-saw mechanism?

dark matter
⇒ particle nature?

matter-antimatter
asymmetry ⇒ mechanism

for leptogenesis?
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Dark mesons decaying to top and bottom quarks
arXiv:2405.20061, submitted to JHEP �

dark pseudoscalar πD and
vector ρD mesons in
stealth dark matter model

b̄
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D

π+
D

search for (mostly resonant)
πD pair production in t̄ttb̄
and t̄tbb̄ final states
300 < m(πD) < 1200 GeV,
0.15 < m(πD) / m(ρD) < 0.45

0`: ≥6 jets, of which ≥ 3 b-tagged
⇒ reclustered to ≥2 large-radius jets J
1`: ≥5 jets, ≥ 3 b-tagged, =1 lepton
⇒ reclustered to Jhad + Jlep
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main backgrounds: multijet (0`), t̄t+HF (1`)
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Dark mesons decaying to top and bottom quarks
arXiv:2405.20061, submitted to JHEP �

simultaneous fit to signal and control regions, separately for 0` and 1` channels
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first LHC results
for this model
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Heavy neutral leptons in prompt trilepton events
arXiv:2403.00100, accepted by JHEP �

Majorana or Dirac heavy
neutral lepton mixed with
SM neutrinos
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search for prompt decays
with masses from 10 GeV
to 1.5 TeV

trilepton events with up to one τh (first time!),
categorized by lepton flavors
“low mass” mN < mW: W from decay off-shell
“high mass” mN > mW: W from production off-shell
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Heavy neutral leptons in prompt trilepton events
arXiv:2403.00100, accepted by JHEP �

exclusion limits for three scenarios:
exclusive electron, muon, or tau neutrino coupling
prompt trilepton from 10 GeV to 1.5 TeV, complements
displaced trilepton & dilepton below 20 GeV
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first high-mass tau limits

more HNL searches:
arXiv:2405.17605, sub-

mitted to Phys. Rept. �
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Z’ boson decaying to pair of heavy Majorana neutrinos
JHEP 11 (2023) 181 �

left-right symmetry model:
SU(2)L ⊗ SU(2)R ⊗U(1)B–L
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search for high-mass Z’
with mass gap to N
⇒ boosted N decay

same-sign dilepton events, categorized by lepton
flavor and number of large-radius jets
N’s from `+ 2 jets or 1 large-radius jet
⇒ two N’s to reconstruct Z’ mass
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Z’ boson decaying to pair of heavy Majorana neutrinos
JHEP 11 (2023) 181 �

simultaneous fit to signal and control regions, t̄t and DY background constrained
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more HNL searches:
arXiv:2405.17605, sub-

mitted to Phys. Rept. �
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Dark matter with s-channel scalar mediator
arXiv:2404.15930, submitted to Eur. Phys. J. C �
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Dark matter with s-channel vector mediator
arXiv:2404.15930, submitted to Eur. Phys. J. C �
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Dark matter in W+W– + pT
miss events

JHEP 03 (2024) 134 �

DM particle χ with U(1)
symmetry yielding Z’,
coupled to dark Higgs s
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Dark matter in W+W– + pT
miss events

JHEP 03 (2024) 134 �

simultaneous fit to signal and control regions: top, WW, DY, W+jets constrained
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more DM searches in
arXiv:2405.13778, sub-

mitted to Phys. Rept. �
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Dark matter in 2HDM with pseudoscalar mediator
arXiv:2306.00641, submitted to Sci. Bull. �

DM fermion χ coupled to pseudoscalar mediator a in extension of 2HDM (h, H, A, H±)
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Dark matter in 2HDM with pseudoscalar mediator
arXiv:2306.00641, submitted to Sci. Bull. �

consistent interpretation of searches and combination of three most sensitive channels
significant complementarity between X + pT

miss and resonance searches
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more DM searches in
arXiv:2403.09292, sub-

mitted to Phys. Rept. �
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GeV-scale dimuon resonances with scouting
JHEP 12 (2023) 070 �

search for low-mass narrow
resonance promptly
decaying to dimuon
e.g. dark photon, 2HDM + a

μ+

μ−

A′

“scouting”: high rate by
storing dimuon events at
high-level trigger
2 muons with pT > 4 GeV
from common vertex
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GeV-scale dimuon resonances with scouting
JHEP 12 (2023) 070 �

fit sliding mass window with signal+bkgd function
signal modeled analytically; mass resolution 1.3%
background modeled empirically to accomodate
resonances, different trigger acceptances
model-independent limits, and interpretations
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more scounting searches:
arXiv:2403.16134, sub-

mitted to Phys. Rept. �

more dark sector:
arXiv:2405.13778, sub-

mitted to Phys. Rept. �
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Higgs boson decays to photon and massless dark photon
arXiv:2406.01656, submitted to JHEP �

extra dark sector U(1)d:
massless dark photon γd

in ZH channel:

ℓ+

γ

ℓ−

γd

Z

H

Z

in VBF channel:

γ

γd

q

q

H

combination of searches for Higgs decays H→ γ + γd

ggF channel: γ + pT
miss search [JHEP 02 (2021) 226 �]

consider SM Higgs and new scalars above 400 GeV
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Higgs boson decays to photon and massless dark photon
arXiv:2406.01656, submitted to JHEP �

SM Higgs scenario: B > 1.3 % is excluded, from ZH and VBF combination
BSM Higgs scenario: limits cover 400 GeV to 3 TeV, from VBF and ggF combination
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more exotic Higgs:
arXiv:2405.04914, sub-

mitted to Phys. Rept. �
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Summary
ATLAS & CMS search programs
cover wide range of models,
masses, coupling strengths
some recent highlights presented

dark mesons in tttb/tttb decays
HNLs in trilepton decays
LSRM model with HNL and Z’
DM with s-channel mediators
DM in dark Higgs model
DM in 2HDM with pseudoscalar
low-mass dimuon resonances
dark photons in Higgs decays

much to come with 13.6 TeV data,
but also with new methods, final
states, models, …
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CMS-PAS-EXO-18-002 (dE/dx)Doubly-charged tau', HSCP infinite lifetime, DY production 0.0-1.46  101 fb 1
CMS-PAS-EXO-18-002 (dE/dx)stau pair production, HSCP with infinite lifetime 0.0-0.69  101 fb 1

CMS-PAS-EXO-18-002 (dE/dx)Split SUSY, HSCP gluino with infinite lifetime, fgg = 0.1 0.0-2.13  101 fb 1
CMS-PAS-EXO-23-002 ((SUEPOffline))SUEP Offline, TD = 3 GeV, m = 3 GeV, Br(A ′ ) = 100% 0.2-2.0  138 fb 1
CMS-PAS-EXO-21-017 (( + pmiss

T + ))W  Resonance leptonic 0.3-2.0  138 fb 1
CMS-PAS-EXO-22-022 (2( ))X , M = 0.02MX, ( ) merged diphoton pair 0.0-1.2  137 fb 1

CMS-PAS-EXO-19-009 (pp + , pp + )pp + Z/ + X 0.6-1.6  37 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.04) 0.108-0.34  137 fb 1
1911.04968 (3 , 4 )tt + , pseudoscalar (scalar), g2

top × BR( 2 ) > = 0.03(0.004) 0.015-0.075  137 fb 1
1911.03947 (2j)Scalar Diquark 0.5-7.5  137 fb 1

1911.03947 (2j)Color Octect Scalar, k2
s = 1/2 0.5-3.7  137 fb 1

1808.01257 (1j + 1 )Higgs  resonance 0.72-3.25  36 fb 1
2106.10509 (1j + 1 )W  resonance 1.5-8.0  137 fb 1

1712.03143 (2 + 1 ; 2e + 1 ; 2j + 1 )Z  resonance 0.35-4.0  36 fb 1
1911.03947 (2j)String resonance 0.5-7.9  137 fb 1

CMS preliminary
Overview of CMS EXO results

March 2024

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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2001.04521 (2 + 2j)Excited Lepton Contact Interaction 0.2-5.7  77 fb 1
2001.04521 (2e + 2j)Excited Lepton Contact Interaction 0.2-5.6  77 fb 1

2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-36.0  140 fb 1
2103.02708 (2 )quark compositeness ( ), LL/RR = 1 0.0-24.0  140 fb 1
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CMS-PAS-EXO-21-012 (1 + 2j + pmiss
T , 2 + pmiss

T )dark Higgs, gq = 0.25, gDM = 1, = 0.01, m = 200 GeV, mZ ′ = 700 GeV 0.16-0.352  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 7, D = 0.1 0.02-0.08  137 fb 1
CMS-PAS-EXO-20-010 (2 displaced + pmiss

T )inelastic dark matter model, y = 10 6, D = 0.1 0.003-0.08  137 fb 1
CMS-PAS-EXO-21-007 (pp + )axion-like particle, f 1 = 1.2 TeV 1 0.5-2.0  103 fb 1

1811.10151 (1 + 1j + pmiss
T )Leptoquark mediator, = 1, B = 0.1, X, DM = 0.1, 800 < MLQ < 1500 GeV 0.3-0.6  77 fb 1

1908.01713 (h + pmiss
T )Z′ 2HDM, gZ′ = 0.8, gDM = 1, tan = 1, m = 100 GeV 0.5-3.1  36 fb 1

2112.11125 (2j + pmiss
T )Z′ mediator (dark QCD), mdark = 20 GeV, rinv = 0.3, dark = peak

dark 1.5-5.1  138 fb 1
1908.01713 (h + pmiss

T )Baryonic Z′, gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.6  36 fb 1
1810.10069 (4j)complex sc. med. (dark QCD), m DK = 5 GeV, c XDK = 25 mm 0.0-1.54  16 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.42  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )pseudoscalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.3  36 fb 1

2107.13021 ( 1j + pmiss
T )pseudoscalar mediator (+j/V), gq = 1, gDM = 1, m = 1 GeV 0.0-0.47  101 fb 1

2107.13021 ( 1j + pmiss
T )scalar mediator (fermion portal), u = 1, m = 1 GeV 0.0-1.5  101 fb 1

2107.10892 (0, 1 + 2j + pmiss
T )scalar mediator (+tt), gq = 1, gDM = 1, m = 1 GeV 0.05-0.4  137 fb 1

1901.01553 (0, 1 + 2j + pmiss
T )scalar mediator (+t/tt), gq = 1, gDM = 1, m = 1 GeV 0.0-0.29  36 fb 1

2103.02708 (2e, 2 )(axial)-vector mediator ( ), gq = 0.1, gDM = 1, g = 0.1, m > mmed/2 0.2-4.64  140 fb 1
2107.13021 ( 1j + pmiss

T )(axial-)vector mediator ( ), gq = 0.25, gDM = 1, m = 1 GeV 0.0-1.95  101 fb 1
1911.03947 (2j)(axial-)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.5-2.8  137 fb 1

2103.02708 (2e, 2 )vector mediator ( ), gq = 0.1, gDM = 1, g = 0.01, m > 1 TeV 0.2-1.92  140 fb 1
1911.03761 ( 3j)vector mediator (qq), gq = 0.25, gDM = 1, m = 1 GeV 0.35-0.7  18 fb 1
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CMS-PAS-EXO-21-004 (scouting boosted trijet)RPV mass degenerated higgsinos to trijet boosted scouting 0.07-0.075 & 0.095-0.105  128 fb 1
CMS-PAS-EXO-21-004 (scouting boosted dijet)RPV stop scouting boosted 0.07-0.2  128 fb 1

1806.01058 (2j)RPV gluino to 4 quarks 0.1-1.41  38 fb 1
1806.01058 (2j)RPV squark to 4 quarks 0.1-0.72  38 fb 1

1808.03124 (2j; 4j)RPV stop to 4 quarks 0.08-0.52  36 fb 1
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CMS-PAS-EXO-22-024 ( )RS GKK( ), k/MPl = 0.1 0.0-4.8  138 fb 1
CMS-PAS-EXO-22-024 ( )ADD ( ) HLZ nED = 4 0.0-9.1  138 fb 1

2202.06075 ( + pmiss
T )split-UED, 2 TeV 0.4-2.8  137 fb 1

2201.02140 (2j)3-brane WED gKK( + g ggg), ggrav = 6, ggKK = 3, = 0.5, m( )/m(gKK) = 0.1 2.0-4.3  137 fb 1
1805.06013 ( 7j( , ))non-rotating BH, MD = 4 TeV, nED = 6 0.0-9.7  36 fb 1

CMS-PAS-EXO-20-012 ( + j)RS QBH ( j), nED = 1 2.0-5.2  137 fb 1
1803.08030 (2j)RS QBH (jj), nED = 1 0.0-5.9  36 fb 1

1911.03947 (2j)RS GKK(qq, gg), k/MPl = 0.1 0.5-2.6  137 fb 1
2103.02708 (2 )RS GKK( ), k/MPl = 0.1 0.0-4.78  140 fb 1

CMS-PAS-EXO-20-012 ( + j)ADD QBH ( j), nED = 6 2.0-7.5  137 fb 1
2205.06709 ( )ADD QBH ( ), nED = 4 0.0-5.0  137 fb 1
2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.2  137 fb 1

2205.06709 (e )ADD QBH (e ), nED = 4 0.0-5.6  137 fb 1
1803.08030 (2j)ADD QBH (jj), nED = 6 0.0-8.2  36 fb 1

2107.13021 ( 1j + pmiss
T )ADD GKK emission, nED = 2 0.0-10.8  101 fb 1

1812.10443 (2 , 2 )ADD ( , ) HLZ, nED = 3 0.0-9.1  36 fb 1
1803.08030 (2j)ADD (jj) HLZ, nED = 3 0.0-12.0  36 fb 1
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1811.03052 ( + 2 )excited muon, fS = f = f ′ = 1, = m * 0.25-3.8  36 fb 1
1811.03052 ( + 2e)excited electron, fS = f = f ′ = 1, = m *

e 0.25-3.9  36 fb 1
CMS-PAS-EXO-20-012 ( + j)excited b quark, fS = f = f ′ = 1, = m *

q 1.0-2.2  137 fb 1
CMS-PAS-EXO-20-012 ( + j)excited light quark (q ), fS = f = f ′ = 1, = m *

q 1.0-6.0  137 fb 1
1911.03947 (2j)excited light quark (qg), = m *

q 0.5-6.3  137 fb 1
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2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Singlet 0.125-0.15  137 fb 1
2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Vector like taus,  Doublet 0.1-1.045  137 fb 1

2202.08676 (3 , 4 , 1 + 3 , 2 + 2 , 3 + 1 , 1 + 2 , 2 + 1 )Type-III seesaw heavy fermions, Flavor-democratic 0.1-0.98  137 fb 1
1806.10905 ( 1j + + e)MSM, |VeNV*

N|2/(|VeN|2 + |V N|2) = 1.0 0.02-1.6  36 fb 1
1802.02965; 1806.10905 (3e; 1j + 2e)MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.43  36 fb 1

1802.02965; 1806.10905 (3 ; 1j + 2 )MSM, |VeN|2 = 1.0,  |V N|2 = 1.0 0.001-1.24  36 fb 1
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CMS-PAS-EXO-18-002 (dE/dx)Z', HSCP tau' 600 GeV mass with infinite lifetime 0.0-4.76  101 fb 1
1911.03947 (2j)Axigluon, Coloron, cot = 1 0.5-6.6  137 fb 1

1811.00806 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-3.5  36 fb 1
2307.08708 (Z′ + 1b)Z ′(B3 L2) 0.35-0.5  138 fb 1

2112.03949 (2e + 2j)LRSM WR(eNR), MNR = 0.5MWR 0.0-4.7  36 fb 1
2212.12604 ( + pmiss

T )SSM W′( ) 0.6-4.8  137 fb 1
2112.03949 (2 + 2j)LRSM WR( NR), MNR = 0.5MWR 0.0-5.0  36 fb 1

1911.03947 (2j)SSM W′(qq) 0.5-3.6  137 fb 1
1909.04114 (2j)Leptophobic Z′ 0.05-0.45  78 fb 1

2202.06075 ( + pmiss
T )SSM W′( ) 0.4-5.7  137 fb 1

2205.06709 ( )LFV Z′, BR( ) = 10% 0.2-4.1  137 fb 1
2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-4.3  137 fb 1

2205.06709 (e )LFV Z′, BR(e ) = 10% 0.2-5.0  137 fb 1
2103.02708 (2e, 2 )Superstring Z′ 0.2-4.6  140 fb 1

1905.10331 (1j, 1 )Z′(qq) 0.01-0.125  36 fb 1
1911.03947 (2j)SSM Z′(qq) 0.5-2.9  137 fb 1

2103.02708 (2e, 2 )SSM Z′( ) 0.2-5.15  140 fb 1
CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 3 × 10 6  (90% C.L.) 0.0042-0.0079  97 fb 1

CMS-PAS-EXO-21-005 (2 )ZD, narrow resonance, 2 = 7 × 10 7 (90% C.L.) 0.0011-0.0026  97 fb 1
1912.04776 (2 )ZD, narrow resonance, 2 = 4 × 10 5 (90% C.L.) 0.11-0.2  137 fb 1

1912.04776 (2 )ZD, narrow resonance, 2 = 8 × 10 6 (90% C.L.) 0.0115-0.075  137 fb 1
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