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Where do we stand?

Where do we stand?

Higgs-like particle with a mass of 125 GeV, properties match the Standard
Model (SM) Higgs

Not the end but a whole new window of experimental and theoretical
possibilities!

Excellent agreement between very precise measurements of SM processes and
predictions (lots of progress on the theory side also!)

Few anomalies in flavour physics, g-2, etc. but no clear sign that the SM
breaks

The SM is not the end of the story! Many open questions!

With the completion of the SM: No certainty - and no clear indication of the
energy scale of new phenomena
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Where do we stand?

The tasks of the ATLAS and CMS experiments

What?

Study with highest precision what has not yet been scrutinized in depth: Higgs
boson, the top quark

Revisit areas of previous precision experiments with a great deal of scrutiny:
Electroweak, QCD, flavour

Explore the unknown: Extend the scope of searches for new phenomena at high
energies: new data-taking strategies, new triggers, new AI applications

How?

Exploiting the LHC collisions at the energy frontier (searches at the TeV scale) and
the intensity frontier (Higgs and EW precision program)

Exploting the capabilities of the experiments as flavour experiments (top quark
physics + dedicated data streams for b, c, and τ), heavy ion experiments (PbPb and
pPb LHC runs) and photon-photon collider experiments (ultra-peripheral heavy ion
collisions, proton tagging in pp, ...)

→ Here: just a (tiny) selection of latest results in QCD, EWK, top quark, Higgs
and BSM searches!
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Where do we stand?

Where are we now? Run 3 data taking

First phase of the LHC program to be
completed soon

Reach already the goal of >300 fb−1

(Run2 + Run3) by the end of 2025!

Nearly 100 fb−1 of delivered
proton-proton luminosity at 13.6 TeV
this year

Working on upgrading the detector for
the High-Luminosity phase (target is
3000 fb−1 by 2041)

Pushing detectors beyond their limits:
Recording up to 63 simultaneous
collisions/event (2.5x design, 45% of
HL-LHC)
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A glimpse of performance

Few words on performance

Improvements in precison, reach of searches driven by improvements in trigger,
performance, methods (huge progress thanks to ML)

New trigger strategies

Gain in acceptance with looser
ParticleNet b-trigger
Lower threshold for large-radius jets
with scouting (trigger-level object

reconstruction)

Flavour tagging performance transformed
through the use of advanced ML techniques

4x background rejection improvement
with graph neural network tagger
(GN2) compared to Run 2 in ATLAS
Also huge improvements in CMS by
using graph-nets and transformers

... and many more!
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Highlights of physics results

Measurements of SM processes
Scrutinising the SM predictions over O(10) orders of magnitude in cross section

Increasing precision, observation of rare processes
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Highlights of physics results

QCD and Electroweak (precision)
Physics
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Jet Physics

Jet physics

QCD multijet production: dominant
high-pT process at hadron colliders

Test of QCD at highest available
energies in the laboratory
→ signs of new physics?

Sensitive to the strong coupling
constant and its running at much
higher energy scales than other
strategies

Important inputs to parton distribution
function (PDF) fits (high-x gluon PDF)

Important background at the LHC:
many other processes with multijet
signatures (top quark, Higgs, ...)
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Jet Physics

Jet cross-section ratios [arXiv:2405.20206]

Measure jet cross-section ratios
between bins of jet multiplicity

Double differential: Dijet invariant
mass or angular radiation (< 10%
precision)

Triple differential: scalar sum of pT of
two leading jets, HT2 (<few %)

Relies on improved JES uncertainty
(< 1%)
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Electroweak physics

Testing the Electroweak sector

Rich variety of electroweak interaction derived from symmetry principles
SU(2)L × U(1)Y → W±,Z , γ

Mass of electroweak gauge bosons and
interaction strength predicted precisely
from g, g’, v , λ

ρ =
m2

W

m2
Z
cos2 θW

Testing the EWK theory

Precision measurements of single
W /Z bosons
At high energy in multiboson
production
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Measurement
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[ATL-PHYS-PUB-2024-011]
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Electroweak physics

Testing the Electroweak sector

The precision frontier

Radiative corrections modify
propagators and decay vertices

m2
W (1− m2

W

m2
Z
) = πα√

2GF
(1 + ∆)

sin2 θW → κf sin
2 θW = sin2 θfeff

Sensitivity to a wide range of physics
through quantum loops

The energy frontier

Tests of the electroweak theory
through gauge cancellations at
high energy
Deviations can lead to potentially
large effects
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Electroweak physics

W -boson properties [arXiv:2403.15085]

First measurement of the W width at the LHC, together with an improved W mass
using 7 TeV data

Improved method: profile-likelihood fit of mT and pℓ
T using W → ℓν events

mW = 80366.5± 15.9 MeV
(CT18 parton distribution functions)

Largest systematic uncertainties:
calibration, the theoretical modeling
and the PDFs
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Electroweak physics

Z/γ∗ → ℓℓ and the weak mixing angle [arXiv:2408.07622]

sin2 θℓeff extracted from pp → ℓℓ
forward-backward (AFB) asymmetry at 13 TeV
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Electroweak physics

W -boson hadronic decay branching fractions [CMS-PAS-SMP-24-009]

RW
c = B(W → cq)/B(W → qq̄′) from top

quark pair (tt̄) events in single-lepton final
states

Jets tagged as originating from the
hadronization of c quarks by the
presence of a muon inside the jet →
dedicated c → Xµτ tagger

RW
c = 0.498± 0.005(stat)± 0.019(syst)

Most precise measurement (4%)
Dominant systematic uncertainty: charm
tagging efficiency

Also measured |Vcs | = 0.959± 0.021
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Electroweak physics

Lepton flavour universality in W -boson decays [arXiv:2403.02133]

Universality of the coupling of ℓ± to W
boson is a fundamental property of the SM

Exploits clear selection of W boson in tt̄
pairs

Tested via
R(µ/e) = B(W → µν)/B(W → eν)

R(µ/e) = 0.99995± 0.0045 - higher
precision than current world average!

Complements W → τν results [e.g Nature

Phys. 17 (2021) 7, 813-818]: Some disagreement
(2.7σ) of the on-shell W → τν results seen
at LEP, but excellent agreement with LHC
measurements
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Electroweak physics

Production of τ -leptons from photons [arXiv:2406.03975]

Observed γγ → ττ production in pp
collisions, for the first time

Constrain anomalous magnetic and electric
dipole moments: Probed τ g-2 with
unprecedented precision
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Electroweak physics

Top quark Physics
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Top quark physics

Top quark physics

Most massive elementary particle known

Short-lived, decays before hadronizing,
allows studying the properties of a bare
quark

Precision tests of perturbative QCD (αs ,
PDFs, mt)

Other properties: spin correlations,
couplings, asymmetries predicted by the SM

Essential to study Higgs properties, measure
top Yukawa coupling

Potential portal to New Physics:
Production & decay sensitive to anomalous
couplings, charged lepton flavour and
baryon number violation, CP violation,
flavour changing neutral currents...
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Top quark physics

Top quark cross sections

All decay channels and centre-of-mass energies

Stringent tests of pQCD via inclusive and differential cross sections
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Top quark physics

Top quark + X

Evidence for rare(r) processes such as tWZ

Moving towards combined measurements tt̄Z + tWZ

Detailed studies of less rare processes such as t̄tγ
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Top quark physics

Associated top quark pair production (t̄tγ) [arXiv:2403.09452]
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Radiative production: probe structure of tγ coupling

NN to enhance separation between photons from
production and decay

Sensitive to top quark anomalous dipole moments,
EFT interpretations (dim-6 operators - CtW, CtB)
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Top quark physics

Top quark mass

Indirect measurements from cross section:
∼ 1% precision (clear interpretation)

Direct measurements from top quark decays:
better precision

Mass from boosted top-jet: Future prospects in

precision & theoretical interpretability

Alternative measurements: sensitive to

different systematics
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Run-1 top quark mass
combination [arXiv:2402.08713]

Combination of 15 input
measurements
(6 ATLAS + 9 CMS)

Detailed study of correlations

Consistency checks among
measurements
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Top quark physics

Observation of top quark entanglement [arXiv:2406.03976,arXiv:2311.07288]

Sufficient condition for entanglement from spin correlation matrix

Using diagonal elements: ∆ = C33 + |C11 + C22| > 1
Entanglement proxy D = −∆/3 = −Tr [C ]/3 (for small mtt̄) can be extracted
from angle between decay products
1
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Top quark physics

Taking it a step further [CMS-PAS-TOP-23-007]

Measuring the correlation matrix in single-lepton
tt̄ events

All coefficients of polarization vectors and
correlation matrix from fit to the angles of two
decay products

Using NN to reconstruct the tt̄ system

∆ from the full matrix, or from two proxies: D
and D̃ = 3(C33 − C11 − C22) for high masses

Higher mtt̄ reach - why is it relevant?

Large fraction of events with space-like
separation
Prospects for Bell inequality tests
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Top quark physics

Charged-lepton-flavour violation (cLFV) [CMS-PAS-TOP-22-011]

Lepton flavour conservation arises due to an
accidental symmetry of the SM

Violation possible in the SM via neutrino mixing
at loop level (BR(µ → eγ) < 10−55!)

cLFV featured in several BSM models
(leptoquarks, SUSY, 2HDM) and interpreted in
terms of EFT

Searches for eµtq and τµtq vertices, both in
production and decay
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Top quark physics

Baryon number violation (BNV) [PRL 132 (2024) 241802]

Search for BNV interactions in top quark
production (first time) and decay

Selection: two oppositely-charged leptons (e, µ),
exactly one b-tagged jet and high missing
transverse momentum

Upper limits on the strength of the BNV
couplings and translated to limits on the BRs for
the BNV top quark decays
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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[5] arXiv:1610.03545 subm. to JHEP [6] EPJC 76 (2016), 12
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from arXiv:1311.2028
Theory predictions
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all other processes are zero
Each limit assumes that
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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from arXiv:1311.2028
Theory predictions
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all other processes are zero
Each limit assumes that
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!

g

g

W

b
Z

u / c

g
t

t
Branching ratio

16−10 13−10 10−10 7−10 4−10 1−10

Zu→t

Zc→t

gu→t

gc→t

uγ→t

cγ→t

Hu→t

Hc→t

SM 2HDM(FV) 2HDM(FC)

MSSM RPV RS

[9]

[7]

[8]

[7]

[6]

[5]

[6]

[5]

[4]

[4]

[3]

[1]

[2]

[1]

  ATLAS   CMS95%CL upper limits
[1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
[5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
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from arXiv:1311.2028
Theory predictions
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LHCtopWG

September 2018

all other processes are zero
Each limit assumes that
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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Top quark physics

Searches for Flavour Changing Neutral Currents over time

Top quark couples to up-type quark (u or c) and neutral boson (γ, Z, H, g)

Forbidden at tree-level in SM

Heavily suppressed at higher
orders via GIM suppression

BSM can enhance FCNC BRs
up to ∼ 10−4

Any observation of FCNC can
indicate new physics!
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Theory predictions
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Each limit assumes that

*Preliminary

No signs of flavour physics associated to top quarks,
approaching sensitivity to BSM
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Top quark physics

The Higgs sector
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Higgs sector: precision and searches

The SM Higgs boson: status

Mass from Run 1+2 ATLAS combination:
mH = 125.11± 0.11 GeV (syst: 0.09 GeV)

Indirect Higgs width from offshell:
ΓH = 4.6+2.6

−2.5 MeV

Probe couplings by measuring accessible
production and decay modes

Ongoing studies include:

Detailed kinematic studies of observed
modes
Searches for rarer production/decay
modes (bbH, tH, cc and µµ)
Higgs self-couplings
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Higgs sector: precision and searches

SM Higgs boson production and decay
[Nature 607 (2022) 60-68, Nature 607, 52-59 (2022)]

Main production and decay processes observed, measured with better precision than
10-20%
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Higgs sector: precision and searches

Higgs bosons at 13.6 TeV [CMS-PAS-HIG-24-013, CMS-PAS-HIG-23-014]

Inclusive/differential measurements in H → γγ and H → ZZ

Using data from 2022: measurements statistically limited
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Higgs sector: precision and searches

Open questions where the Higgs boson can help

What is the origin of quark and lepton masses?

Fermion flavour violating Higgs boson decays
Are there modified Higgs couplings to other particles

Why is the EW interaction much stronger than gravity?

Are there anomalies in interactons with W, Z bosons?
New particles at the TeV scale
Is the Higgs boson elementary?

What is dark matter?

Can the Higgs boson provide a portal to dark matter?
New decay modes of the Higgs boson?
Higgs lifetime consistent with the SM?

Why is there more matter than antimatter?

Higgs boson self-coupling: strong first-order Electroweak Phase Transition?
Are there multiple Higgs sectors?
Are there CP-violating Higgs boson decays

From N. Berger, ICHEP2024 based on G. Salam et al, Nature 607, 41-47 (2022)
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Higgs sector: precision and searches

Precision Higgs - VH to bb/cc [ATLAS-CONF-2024-010]

H → bb: largest Higgs BR (58%)

H → cc: largest BR to 2nd gen. fermions (2.9%)

Require b-jets or c-jets, split signal in Nℓ = 0 (Z → νν), 1 (W → ℓν) or 2 (Z → ℓℓ)

Cross-check analysis: observation of VZ(bb), VZ(cc)
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bb
VH

µ

b b→Comb. VH, H

b b→ZH, H

b b→WH, H

0.14−
+0.16  0.91    , 0.10−

+0.10                               0.11−
+0.12                                          (           )         

0.20−
+0.23  0.87    , 0.15−

+0.15                               0.14−
+0.18                                          (           )         

0.19−
+0.21  0.95    , 0.14−

+0.14                               0.13−
+0.15                                          (           )         

  Tot. ( Stat., Syst. )Total Stat.

ATLAS Preliminary -1=13 TeV, 140.0 fbs, c/cb b→VH, H

First observation of WH → bb (5.3σ)

0.4 0.6 0.8 1 1.2 1.4 1.6

bb
VH

µ

25−

20−

15−

10−

5−

0

5

10

15

20

25

cc V
H

µ

Observed 95% CL.
Expected 95% CL.
Observed 68% CL.
Expected 68% CL.

SM
Observed Bestfit

)=(0.91,1.0)cc
VH

µ,bb
VH

µ(

ATLAS Preliminary
-1 = 13 TeV, 140 fbs

c/cb b→VH, H
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Higgs sector: precision and searches

Search for pp → H(→ γγ) + c production [CMS-PAS-HIG-23-010]

07-12-24
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Potential to constrain κc , also large
contributions from non-κc -dependent diagrams

Large backgrounds: focus on H → γγ decay

σ(cH) ∼ 90 fb×BR(H → γγ) ∼ 0.2% → 0.2 fb

κc -dependent part: µcH < 243 (355),
|κc | < 38.1 (72.5) at 95% CL

Also new ATLAS measurement, target inclusive

H + c: σ(H + c) = 5.2± 3.0 pb (SM: 2.9 pb),

< 10.4 pb at 95% CL [arXiv:2407.15550]
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Higgs sector: precision and searches

Higgs width from tt̄tt̄ + on-shell Higgs [arXiv:2407.10631]

Higgs couplings from on-shell cross-sections and
BRs: assume SM Higgs width (4.1 MeV) or an
SM-like dependence

Processes like tt̄tt̄ with an off-shell Higgs have
negligible width dependence: width-free
determination of couplings

→ Combined on- and off-shell measurements:
constraint on the Higgs width (Nature 607, 52-59

(2022) + EPJC 83 (2023) 496, EPJC 84 (2024) 156)
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Higgs sector: precision and searches

Higgs boson pair production at the LHC

HH production to directly probe Higgs self-coupling and hence electroweak symmetry
breaking (EWSB) mechanism

Access to shape of the Higgs potential

L ⊃ −λv2H2+λvH3−
1

4
λH4 =

1

2
mHH

2+
m2

H

2v
H3 −

m2
H

8v2
H4

Very small SM cross-section due to
destructive interference with diagrams with
Yukawa coupling: σSM(HH) = 33.5 fb at
13TeV →1000 smaller than pp → H

Also accesses other interactions,
e.g. VVHH (κ2V )

See new result: CMS-PAS-HIG-24-001

Nature 607, 41-47 (2022)
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Higgs sector: precision and searches

Higgs boson self-coupling [arXiv:2406.09971]

Focusing on the two major production
modes: gluon-gluon fusion (ggF) and
vector boson fusion (VBF)

Combine HH → bbττ + bbγγ +
bbbb +multileptons + bbℓℓ+ /ET:

Using cut-based and multivariate
techniques
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Higgs sector: precision and searches

Higgs boson self-coupling: Results [arXiv:2406.09971]

Close to within 1σ of the SM

µHH < 2.9 (obs) and 2.4 (exp)
at 95% CL
Sensitivity dominated by ggF mode
Also Effective field theory
interpretation to probe low energy
dynamics of EWSB with 3 Wilson
coefficients
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Higgs sector: precision and searches

Search for HH → bb̄VV [CMS-PAS-HIG-23-012]

Search for HH → bb̄VV production in fully
hadronic final states (unexplored before)

Boosted regime: merged large-radius jets

Use H → bb̄ and new H → VV → qq̄qq̄ taggers

µHH < 142 (69 exp.) and −0.04 < κ2V < 2.05
at 95% CL

ATLAS: search in VBF HH → bb̄bb̄,

0.55 < κ2V < 1.49 at 95% CL [arXiv:2404.17193]
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Direct Searches

Searches

* Courtesy of J. Knolle (LHCP2024)
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Direct Searches

LHC experiments search strategies

Precision measurements & searches for rare process and unconventional final
states

No BSM evidence yet: sensitivity on a wide range of phase space established

Gain in luminosity and improvements in detector technology enhance potential
for discoveries during Run 3

Probing various scenarios: Dark Sector, exotic signatures, heavy particles
Exploiting standard and exotic signatures: Boosted jets, disappearing jets,
emerging jets (with AI taggers), showers in muon detector, etc
Data scouting / trigger analysis level allows to extend reach in the low masses
regime (heavy neutral leptons, long-lived light particles...)

C. Diez Pardos LI - International Meeting on Fundamental Physics 41/47



Direct Searches

In pictures: Search for BSM processes
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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

Model Signature
∫
L dt [fb−1] Mass limit Reference
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q̃q̃, q̃→qχ̃0
1 0 e, µ 2-6 jets Emiss

T 140 m(χ̃0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 140 m(q̃)-m(χ̃0

1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃0
1 0 e, µ 2-6 jets Emiss

T 140 m(χ̃0
1)=0 GeV 2010.142932.3g̃

m(χ̃0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃0
1 1 e, µ 2-6 jets 140 m(χ̃0

1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃0
1

ee, µµ 2 jets Emiss
T 140 m(χ̃0

1)<700 GeV 2204.130722.2g̃

g̃g̃, g̃→qqWZχ̃0
1 0 e, µ 7-11 jets Emiss

T 140 m(χ̃0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 140 m(g̃)-m(χ̃0
1)=200 GeV 2307.010941.15g̃

g̃g̃, g̃→tt̄χ̃0
1 0-1 e, µ 3 b Emiss

T 140 m(χ̃0
1)<500 GeV 2211.080282.45g̃

SS e, µ 6 jets 140 m(g̃)-m(χ̃0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 140 m(χ̃0

1)<400 GeV 2101.125271.255b̃1
10 GeV<∆m(b̃1,χ̃0

1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃0
2 → bhχ̃0

1 0 e, µ 6 b Emiss
T 140 ∆m(χ̃0

2 , χ̃
0
1)=130 GeV, m(χ̃0

1)=100 GeV 1908.031220.23-1.35b̃1b̃1 Forbidden
2 τ 2 b Emiss

T 140 ∆m(χ̃0
2 , χ̃

0
1)=130 GeV, m(χ̃0

1)=0 GeV 2103.081890.13-0.85b̃1b̃1

t̃1 t̃1, t̃1→tχ̃0
1 0-1 e, µ ≥ 1 jet Emiss

T 140 m(χ̃0
1)=1 GeV 2004.14060, 2012.037991.25t̃1

t̃1 t̃1, t̃1→Wbχ̃0
1 1 e, µ 3 jets/1 b Emiss

T 140 m(χ̃0
1)=500 GeV 2012.03799, 2401.134301.05t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1-2 τ 2 jets/1 b Emiss
T 140 m(τ̃1)=800 GeV 2108.076651.4t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→cχ̃0
1 / c̃c̃, c̃→cχ̃0

1 0 e, µ 2 c Emiss
T 36.1 m(χ̃0

1)=0 GeV 1805.016490.85c̃
0 e, µ mono-jet Emiss

T 140 m(t̃1,c̃)-m(χ̃0
1)=5 GeV 2102.108740.55t̃1

t̃1 t̃1, t̃1→tχ̃0
2, χ̃0

2→Z/hχ̃0
1 1-2 e, µ 1-4 b Emiss

T 140 m(χ̃0
2)=500 GeV 2006.058800.067-1.18t̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ 1 b Emiss
T 140 m(χ̃0

1)=360 GeV, m(t̃1)-m(χ̃0
1)= 40 GeV 2006.058800.86t̃2t̃2 Forbidden

χ̃±1 χ̃
0
2 via WZ Multiple ℓ/jets Emiss

T 140 m(χ̃0
1)=0, wino-bino 2106.01676, 2108.075860.96χ̃±

1 /χ̃
0
2ee, µµ ≥ 1 jet Emiss

T 140 m(χ̃±1 )-m(χ̃0
1 )=5 GeV, wino-bino 1911.126060.205χ̃±

1 /χ̃
0
2

χ̃±1 χ̃
∓
1 via WW 2 e, µ Emiss

T 140 m(χ̃0
1)=0, wino-bino 1908.082150.42χ̃±

1
χ̃±1 χ̃

0
2 via Wh Multiple ℓ/jets Emiss

T 140 m(χ̃0
1)=70 GeV, wino-bino 2004.10894, 2108.075861.06χ̃±

1 /χ̃
0
2

χ̃±
1 /χ̃

0
2 Forbidden

χ̃±1 χ̃
∓
1 via ℓ̃L/ν̃ 2 e, µ Emiss

T 140 m(ℓ̃,ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) 1908.082151.0χ̃±

1

τ̃τ̃, τ̃→τχ̃0
1 2 τ Emiss

T 140 m(χ̃0
1)=0 2402.006030.5τ̃ [τ̃Rτ̃R] 0.35τ̃ [τ̃Rτ̃R]

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e, µ 0 jets Emiss

T 140 m(χ̃0
1)=0 1908.082150.7ℓ̃

ee, µµ ≥ 1 jet Emiss
T 140 m(ℓ̃)-m(χ̃0

1)=10 GeV 1911.126060.26ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 140 BR(χ̃0

1 → hG̃)=1 2401.149220.94H̃
4 e, µ 0 jets Emiss

T 140 BR(χ̃0
1 → ZG̃)=1 2103.116840.55H̃

0 e, µ ≥ 2 large jets Emiss
T 140 BR(χ̃0

1 → ZG̃)=1 2108.075860.45-0.93H̃
2 e, µ ≥ 2 jets Emiss

T 140 BR(χ̃0
1 → ZG̃)=BR(χ̃0

1 → hG̃)=0.5 2204.130720.77H̃

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Emiss

T 140 Pure Wino 2201.024720.66χ̃±
1

Pure higgsino 2201.024720.21χ̃±
1

Stable g̃ R-hadron pixel dE/dx Emiss
T 140 2205.060132.05g̃

Metastable g̃ R-hadron, g̃→qqχ̃0
1 pixel dE/dx Emiss

T 140 m(χ̃0
1)=100 GeV 2205.060132.2g̃ [τ( g̃) =10 ns]

ℓ̃ℓ̃, ℓ̃→ℓG̃ Displ. lep Emiss
T 140 τ(ℓ̃) = 0.1 ns ATLAS-CONF-2024-0110.74ẽ, µ̃

τ(ℓ̃) = 0.1 ns ATLAS-CONF-2024-0110.36τ̃
pixel dE/dx Emiss

T 140 τ(ℓ̃) = 10 ns 2205.060130.36τ̃

χ̃±1 χ̃
∓
1 /χ̃

0
1 , χ̃±1→Zℓ→ℓℓℓ 3 e, µ 140 Pure Wino 2011.105431.05χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±1 χ̃
∓
1 /χ̃

0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 140 m(χ̃0
1)=200 GeV 2103.116841.55χ̃±

1 /χ̃
0
2 [λi33 , 0, λ12k , 0] 0.95χ̃±

1 /χ̃
0
2 [λi33 , 0, λ12k , 0]

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq ≥8 jets 140 Large λ′′112 2401.163332.34g̃ [m(χ̃0
1)=50 GeV, 1250 GeV] 1.6g̃ [m(χ̃0
1)=50 GeV, 1250 GeV]

t̃t̃, t̃→tχ̃0
1, χ̃0

1 → tbs Multiple 36.1 m(χ̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
=2e-4, 1e-2] 0.55t̃ [λ′′

323
=2e-4, 1e-2]

t̃t̃, t̃→bχ̃±1 , χ̃±1 → bbs ≥ 4b 140 m(χ̃±1 )=500 GeV 2010.010150.95t̃̃t Forbidden
t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 140 BR(t̃1→be/bµ)>20% 2406.183670.4-1.85t̃1
1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±1 /χ̃
0
2/χ̃

0
1, χ̃0

1,2→tbs, χ̃+1→bbs 1-2 e, µ ≥6 jets 140 Pure higgsino 2106.096090.2-0.32χ̃0
1

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
July 2024

ATLAS Preliminary√
s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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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 (2e + 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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F 2206.08956 (2 + 2j)Type I Seesaw VBF SSWW, |V N|2 = 1.0 0.05 23 TeV  137 fb 1
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Searches:
-1Muon System (2 Vtx Only), 139 fb

Phys. Rev. D 106 (2022) 032005
-1Muon System (1 Vtx + 2 Vtx), 36 fb

Phys. Rev. D 99 (2019) 052005
-1Calorimeter, 139 fb

JHEP 06 (2022) 005
-1Tracker+Muon System, 36 fb

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

JHEP 11 (2021) 229
-1Tracker (b-tag), 36 fb

JHEP 10 (2018) 031
-1Monojet, 139 fb

ATL-PHYS-PUB-2021-020
 inv, 7-8-13 TeV combination→H

ATLAS-CONF-2020-052
-1Tracker, 37.5-140 fb

arXiv:2403.15332
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Direct Searches

Search for long-lived heavy neutrinos [JHEP 06 (2024) 183]

Search for HNLs in B decays

Based on the special data stream recorded in
2018, designed to collect O(1010) bb̄ events

Parametric NN for optimal signal/background separation to different HNL masses

Limits set in Dirac and Majorana scenarios
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Signal - 2.0 GeV, 100.0 mm
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 > 150, OS
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mN (GeV)
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2

CMS (re, r , r ) = (0, 1, 0)
Majorana

41.6 fb 1 (13 TeV)

CMS, JHEP (2022) 081
CMS, arXiv:2402.18658
ATLAS, Phys. Rev. Lett. (2023) 061803
LHCb, Phys. Rev. Lett. (2014) 131802
Belle, Phys. Rev. D (2013) 071102

Observed
Median expected
95% expected
68% expected

Observed
Median expected
95% expected
68% expected

Strongest limits on sum of squares of light-heavy mixing amplitudes from a collider for
1 GeV< mN <1.7 GeV

C. Diez Pardos LI - International Meeting on Fundamental Physics 43/47

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


Direct Searches

Resonances decaying to displaced jets [CMS-PAS-EXO-23-013]

Search for displaced jets with Run 3 data (2022)

Model: Higgs boson decay to two long-lived neutral scalars

Sensitivity significantly improved thanks to

displaced vertex reconstruction
novel displaced dijet identification based on graph NNs
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New limits: improved sensitivity with respect to Run 2 with 1/4 of the luminosity!
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Direct Searches

Dark mesons decaying to top and bottom quarks [arXiv:2405.20061]

Dark pseudoscalar πD and vector ρD
mesons in stealth dark matter model
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Direct Searches

Magnetic monopole pair production [arXiv:2408.11035]

Search for magnetic monopole pair
production as highly ionizing particles
in ultraperipheral Pb+Pb collisions

New data from 2023 with new triggers
→ Up to x8 improvement at masses
below 120 GeV
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Summary

Summary and outlook

Well into Run 3 with very efficient data taking in 2024, excellent performance

Improvements in operations and performance play a key role to fully exploit
the potential of the LHC data

Entering the era of precision measurements

Several results on EWK physics now competitive with those from e+e−

Investigating subtle effects as in tt̄ spin correlations

Continue to search for physics beyond the SM

Exploring new areas of phase space
Exploiting novel performance and analysis techniques

In parallel, good progress with HL-LHC upgrades transitioning into production
mode
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Summary

BACK UP
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Upgrade

This is just the beginning

Phase-II upgrade activities continually progress into production

The phase of testing, integration, and planning for the installation is starting
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Upgrade

Credits and more information

Latest CMS results: https://cms.cern/news/cms-ichep-2024

ATLAS results: https://atlas.cern/tags/physics-results

Nice ATLAS and CMS overview talks at the LHCP24 and ICHEP24 conferences:

M. Pierini, M. Dunford, W. Adams, H. Gray, N. Berger, P. Sommer, etc.
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https://indico.cern.ch/event/1291157/contributions/5958001/attachments/2901064/5087563/CMSHighlights.pdf
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https://indico.cern.ch/event/1253590/contributions/5814450/attachments/2869480/5023453/LHCP2024-CMS-wa.pdf
https://indico.cern.ch/event/1253590/contributions/5814445/attachments/2869555/5023791/LHCP_atlas_hgray.pdf
https://indico.cern.ch/event/1291157/contributions/5958057/attachments/2901051/5087675/Higgs_Experimental_Overview.pdf
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Upgrade

Precision Higgs - VH to bb/cc [ATLAS-CONF-2024-010]
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