
Highlights of physics results from ATLAS and CMS

Tatiana Lyubushkina1

on behalf of ATLAS and CMS Collaboration

1Joint Institute for Nuclear Research
Tatiana.Lyubushkina@cern.ch

The 8th International Conference on Particle Physics and Astrophysics

Moscow, Russia
27 – 30 October 2026



Outline

Both experiments feature a rich physics programme

▶ Higgs Physics

▶ Standard Model
▶ Precision QCD, electroweak

▶ Top Physics

▶ Heavy-flavour physics
▶ Spectroscopy, fragmentation, CP violation, Rare decays

▶ Beyond the Standard Model physics

▶ Heavy Ion Physics (talk by Sergey Petrushanko)

Explore ∼ 3000 ATLAS� and CMS� physics papers
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Data-taking highlights

▶ Run 3 successfully completed:
▶ Data taking officially concluded on June 29, 2026,

marking the end of the third LHC run.
▶ Completed on August 31, 2026, transitioning the CERN

accelerator complex into Long Shutdown 3 (LS3).

▶ Legacy Run 3 dataset:
▶ Delivered an outstanding ∼ 351 fb−1 of proton-proton

collision data (with ∼ 92% recording efficiency),
alongside reaching full heavy-ion goals.

▶ More than 500 fb−1 of proton-proton collisions have
been delivered to both ATLAS and CMS since the
beginning of regular LHC physics operations

25 fb−1 (7 & 8 TeV) 156 fb−1 (13 TeV) 351 fb−1 (13.6 TeV)
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LHC Delivered
ATLAS Recorded

LHC Run 1

 = 7, 8 TeVs
-1Delivered: 28 fb
-1Recorded: 26 fb

LHC Run 2

 = 13 TeVs
-1Delivered: 156 fb
-1Recorded: 147 fb

LHC Run 3
 = 13.6 TeVs

-1Delivered: 351 fb
-1Recorded: 332 fb

-1Total delivered: 536 fb
-1Total recorded: 505 fb

9/25 calibration

CMS Luminosity Public Results�
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Probing the Standard Model of particle physics

SM is extremely successful in describing collider-based measurements over many orders of magnitude
(from soft QCD to rare EW production)
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Standard Model Production Cross Section Measurements
Status: July 2026
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CMS
13.6 TeV (L 5 fb 1)
13 TeV (L 138 fb 1)
8 TeV (L 19.6 fb 1)
7 TeV (L 5 fb 1)
5.02 TeV (L 302pb 1)
2.76 TeV (L 231nb 1)
95% CL limit at 
13 TeV (L 138 fb 1)
Theory prediction

13.6 TeV (L 5 fb 1)
13 TeV (L 138 fb 1)
8 TeV (L 19.6 fb 1)
7 TeV (L 5 fb 1)
5.02 TeV (L 302pb 1)
2.76 TeV (L 231nb 1)
95% CL limit at 
13 TeV (L 138 fb 1)
Theory prediction

Physics Report 1115 (2025) 3�

Collider-experiments: probing the SM broadly and deeply across all its sectors
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Higgs boson properties in focus

Detailed and precise measurements of Higgs production,
decays, and couplings from combination of 26 single and
di-Higgs analyses from ATLAS

▶ Couplings to W , Z , t, b, τ measured to 5-12%

▶ κ framework to measure multiplicative modifiers
to the coupling strengths, assuming kinematic
distributions are preserved: κ2p = σp/σSM

p

▶ Charm coupling constrained to |κc | < 4.1 at 95% CL

▶ B(H → inv) < 12 % at 95% CL

▶ Higgs boson width Γ = 3.6+2.1
−1.6 MeV

▶ Self-coupling constrained to −1.5 < κλ < 6.5 at 95%
CL based on single and di-Higgs analyses

▶ Includes also differential measurements for the main
production processes

arXiv:2608.07332�, Run 2

0.8 1 1.2 1.4 1.6 1.8
68% CL interval

|γZκ|

|γκ|

|gκ|

|µκ|

|τκ|

|bκ|

tκ

Wκ

Zκ ATLAS 
-1 140 fb− = 13 TeV, 126 s

| < 2.5
H

y = 125.09 GeV, |Hm

 = 0u.B = inv.B

 = 78%
SM

p, γZκ,γκ,gκEffective 

 = 77%
SM

p, γZκ,γκ,gκResolved 

SM prediction

eν µν τν u c t
Leptons Quarks

e µ τ d s b

g γ Z W H

Force carriers Higgs boson

0 1 2 3 4 5
95% CL upper limit

|cκ|
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Higgs boson properties in focus
The statistical combination is based on analyses that
measure the following decay channels: H → γγ, H → ZZ ,
H →WW , H → ττ , H → bb, H → µµ, H → Zγ (Run 2)

▶ Coupling precisions 5% for EW bosons, 10% for 3rd
generation fermions and 6-7% for massless bosons

▶ Invisible B < 12%; undetected B < 30%

▶ Best limits on the charm quark coupling: |κc | < 3.5

▶ Γ = 5.0+2.0
−1.8 MeV [CMS-HIG-25-003�]

122 123 124 125 126 127 128
 (GeV)Hm

  Run 1 + Run 2l4→ATLAS H
Phys. Lett. B 843 (2023) 137880

  Run 1 + Run 2l4→CMS H
Phys. Rev. D 111 (2025) 092014

  Run 1 + Run 2γγ→ATLAS H
Phys. Lett. B 847 (2023) 138315

  Run 1 + Run 2γγ→CMS H
CMS-PAS-HIG-24-007

 0.03) GeV± 0.17 ± 0.18 ( ±124.94 

 0.05) GeV± 0.10 ± 0.12 ( ±125.08 

 0.09) GeV± 0.11 ± 0.14 ( ±125.22 

 0.10) GeV± 0.09 ± 0.13 ( ±125.07 

CMS Preliminary

 (13 TeV)-1 (8 TeV) + 138 fb-1 (7 TeV) + 19.7 fb-15.1 fb

Tot Stat Syst

Total Stat Syst

CMS-PAS-HIG-24-007�

Most precise to date ATLAS H → γγ & H → 4ℓ
(Run 1+Run 2):
mH = 125.11± 0.09(stat.)± 0.06(syst.) GeV
Phys.Rev.Lett. 131 (2023) 251802�

Rep. Prog. Phys. 89 (2026) 087801�

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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W
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pSM = 0.11 pSM = 0.20 pSM = 0.20

138 fb 1 (13 TeV)CMS
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68% CL (stat  syst)
95% CL (stat  syst)

BBSM = 0
Binv, Bundet float., | V| 1
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SM expected
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Di-Higgs production
▶ Probe of Higgs self-coupling: crucial to understand the nature of

the EW phase transition and the stability of the EW vacuum,
important test of the Higgs potential shape

▶ First combination of ATLAS and CMS Higgs pair-production
searches [Phys.Rev.Lett. 137 (2026) 13, 131803�]

▶ Best-fit of the signal strength is 0.8+0.9
−0.7, with obs. (exp.)

significance 1.1 (1.3)
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Best fit (1.8, 1.0)

SM prediction

▶ Observed and expected 95% CL contours for the simultaneous

scan of the profile likelihood as a function of κλ and κ2V
κλ = λ/λSM (trilinear self-coupling),
κ2V = cHHVV /c

SM
HHVV (coupling of two Higgs bosons to two

vector bosons)

New ATLAS [arXiv:2607.26879�]
▶ HH → bbττ , Run 2+2022+2023

▶ Signal strength µHH = 2.6+1.4
−1.0, significance

2.6σ obs. (1.2σ exp.) – sensitivity close to
Run 2 ATLAS+CMS combined result
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ATLAS
-τ+τ b b→HH 

-1 = 13 / 13.6 TeV, 140 / 56 fbs

New CMS [arXiv:2604.27044�]
▶ HH → bbbb, Run 2+2022+2023

▶ Observed (exp.) upper limit µHH 4.7 (2.8) at
95% CL – the most stringent constraints from
4b final state to date

1 10
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CMS
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ICPPA 2026, 27 – 30 October 2026 Tatiana Lyubushkina JINR 7 / 23

https://doi.org/10.1103/27s7-2frt
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-37/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-010/


Higgs boson properties in focus
arXiv:2608.07332�
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▶ Our understanding of the Higgs boson (and the
Standard Model) is getting gradually more precise

▶ What can we expect for HL-LHC – Projection of
observation of HH in each experiment, with 3 ab−1

Rep. Prog. Phys. 89 (2026) 087801�
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W boson measurements (CMS)

High-precision measurement of the W boson
mass [Nature 652, 321–327 (2026)�]

▶ Uses 13 TeV data from 2016 (Run 2)
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Phys. Rep. 532 (2013) 119
D0 80375 ± 23
PRL 108 (2012) 151804
CDF 80433.5 ± 9.4
Science 376 (2022) 6589
LHCb 80354 ± 32
JHEP 01 (2022) 036
ATLAS 80366.5 ± 15.9
EPJC 84 (2024) 1309
CMS 80360.2 ± 9.9
This work

80353 ± 6

mW = 80360.2± 9.9 MeV

▶ Uncertainty comparable to CDF

▶ Good agreement with results of the EW fits

Search for W → 3h [SMP-25-011�]
▶ Uses (Full Run 2 + Run 3 data 2016-2026)

▶ Rare decay, no precise theoretical prediction

▶ Estimate: B(W± → 3π±) ∼ O(10−7 − 10−5)
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Median expected
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▶ Combined result: B(W → 3h) < 2.4× 10−7

at 95% CL

▶ Four times better than previous results
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Gauge boson polarization: inclusive ZZ and VBS WZ (ATLAS)
arXiv:2607.12879�, arXiv:2607.20246 �

Gauge boson longitudinal polarization closely related to EW symmetry breaking

▶ Goldstone equivalence theorem: at high energy scale
Goldstone bosons ←→ longitudinally polarized gauge
bosons

▶ Study of inclusive ZZ production

▶ Using 2022-2024 data and combining with Run 2

▶ Inclusive polarization fraction
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▶ Combination with Run 2 data: 6.5σ (5.6σ exp.) for
ZLZL production – first observation

▶ Vector-boson scattering unitarized by Higgs couplings

▶ Joint analysis of Run 2 + 2022-2024:
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▶ Joint analysis of Run 2 + 2022-2024: 4.0σ (2.9σ
exp.) for WZLjj – first evidence
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Top quark physics at the LHC
▶ Precise measurements of top-quark

properties probe the SM and theoretical

predictions
▶ Largest mass of any fundamental

particle – The top quark mass mt is
a fundamental parameter, sensitive
to EW physics

▶ Yukawa coupling ∼ 1
▶ Decays before it hadronises
▶ Structure of the CKM matrix,

couplings and higher-order effects
can be probed via top decays

Basic production modes:
QCD tt̄ pair production: gg -fusion (∼ 90%), qq annihilation

EW production of single top quarks

s-channel t-channel associated tW
LHCTopWGSummaryPlots:�

165 170 175 180 185
 [GeV]topm

ATLAS+CMS Preliminary 13 TeV− = 1.96 s summary, topm

* Preliminary

WGtopLHC
May 2026

 [1]WGtopLHCLHC comb. (Feb 2024), 7+8 TeV 
statistical uncertainty
total uncertainty

total  stat

 recoil) [GeV]± syst ± total (stat ± topm L dt     Ref.∫
LHC comb. (Feb 2024), 7+8 TeV      [1]-120 fb≤ 0.30)± 0.33 (0.14 ±172.52 

World comb. (Mar 2014), 1.9+7 TeV     [2]-18.7 fb≤ 0.67)± 0.76 (0.36 ±173.34 

ATLAS, l+jets, 7 TeV       [3]-14.6 fb 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton, 7 TeV       [3]-14.6 fb 1.31)± 1.42 (0.54 ±173.79 

ATLAS, all jets, 7 TeV       [4]-14.6 fb 1.2)± 1.8 (1.4 ±175.1 

ATLAS, dilepton, 8 TeV     [5]-120.3 fb 0.74)± 0.84 (0.41 ±172.99 
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|Vcb| CKM matrix element in tt̄ events (ATLAS)
JHEP 07 (2026) 078�, Run 2

▶ SM does not predict the values of its elements, precise
experimental determinations enable stringent tests of this unitarity
and, consequently, the internal consistency of the SM

▶ First |Vcb| measurement in top quark decays: on shell W bosons

|Vcb|2 =
|Vcb|2∑
q |Vcq |2

=
B(W+ → cb̄)

B(W+ → cq̄)
=
B(t → bb̄c)

B(t → bq̄c)

▶ Complementary to bound-state B meson measurements

▶ tt̄ events with a single lepton + four jets in the final state

▶ 8 tagging categories defined, based on numbers of
tagged b- and c-jets in 4-jet events

▶ NN separation of signal from background, with in-situ
c-tagging calibration

|Vcb| = 50+7
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|Vcb| CKM matrix element in tt̄ events (CMS)
CMS-PAS-TOP-26-002�, Run 3 (2024)

▶ New |Vcb| analysis from CMS

▶ Complementary to B-physics
measurements; probe at EW scale

▶ The identification of c and b
quark-initiated jets using the Unified
Particle Transformer (UParT)

▶ Distinguish the signal from various tt̄
background processes – machine learning
classifier based on the Particle
Transformer (ParT) architecture

▶ 7 control regions

▶ Background: tt̄ +jets
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Reference |Vcb| = 4.11 ± 0.12
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4.59+0.78
0.90  (+0.44

0.48 stat, +0.64
0.76 syst)

3.76+0.58
0.73  (+0.36

0.39 stat, +0.46
0.61 syst)

ICPPA 2026, 27 – 30 October 2026 Tatiana Lyubushkina JINR 13 / 23

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-26-002/


Measurement of time-dependent CP violation in B0
(s) → J/ψK 0

s
BPH-26-005�, Partial Run 3 (2022-2025)

aCP(t) =
Sf sin(∆m·t)−Cf cos(∆m·t)
cosh(∆Γ·t

2 )−Df sinh(∆Γ·t
2 )

▶ Clean way to access CKM phase sin(2β)
from the time-dependent CP asymmetry
(the first CMS measurement)

▶ Testing the SM and searching BSM

through loop effects in neutral B mixing
▶ Mixing-induced (Sf ) and direct CP

violation effects (Cf ).

▶ The world’s best precision for the
time-dependent CP-violation in
B0
s → J/ψK0

s decays, which is used to
improve control of the penguin
contribution to sin(2β)

▶ This result is based on a new analysis
framework that is transferable and
scalable to multiple measurements
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Compatible precision to the world’s best measurement from LHCb
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b → sµµ differential branching ratios
BPH-24-005�, Partial Run 3 (2022-2024)

1

1 Introduction
The decays of b-flavored hadrons corresponding to the quark-level transition b → sωω, with
ω = e, µ, and the final state containing an oppositely charged lepton pair, provide sensitive
probes of physics beyond the standard model (SM). In the SM, these flavor-changing neutral
current processes are forbidden at tree level. They proceed through higher-order electroweak
loop diagrams, as shown in Fig. 1 (left and center). Measurements of their branching fractions,
angular observables, and lepton-universality ratios provide stringent tests of the SM. Poten-
tial deviations between the SM predictions and the experimental measurements may indicate
contributions from new physics (NP) processes, as illustrated in Fig. 1 (right).

Figure 1: Feynman diagrams for the decay of a b quark into a s quark and a lepton pair in the
SM (”penguin” diagram - left and ”box” diagram center) and in a NP scenario (right).

Decays of b-flavored hadrons, corresponding to b → sωω transitions, have been extensively
studied experimentally by several experiments [1–11]. The LHCb Collaboration has reported
measurements of the differential branching fraction of b → sµµ vs q2 = m2(µµ) which are
lower than predictions from theoretical calculations. Similar differences between measure-
ments and SM predictions have been observed for several decays of b-flavored hadrons, Xb →
Υsωω, where Xb denotes a meson or baryon containing a bottom quark and Υs denotes a meson
or baryon containing a strange quark. Examples include B0 → K↑0ωω [12], B0 → K0

Sωω and
B+ → K↑+ωω [13], Bs → φωω [14], and Λ0

b → Λωω [15].

The CMS Collaboration has previously reported measurements of dB/dq2 of B0 → K↑0µµ [16],
B+ → K+µµ [17] and Bs → φµµ [18] decays confirming the suppression with respect to the SM
prediction. The present analysis extends the study of rare b → sµµ transitions by measuring
the differential branching fractions of six decay modes of the form Xb → Υsµµ: B+ → K+µµ,
B+ → K↑+µµ, B0 → K0

Sµµ, B0 → K↑0µµ, Bs → φµµ, and Λ0
b → Λµµ, including their charge-

conjugate modes. In all decays, with the exception of B+ → K+µµ, the Υs particle is unstable
and reconstructed through its decay products. The K↑0 meson is reconstructed through the
decay K↑0 → K+π↓, the K0

S meson through K0
S → π+π↓, the K↑+ meson through K↑+ →

K0
S(→ π+π↓)π+, the φ meson through φ → K+K↓, and the Λ baryon through Λ → pπ↓.

The current work considers only decays to dimuon final states, since electrons have signif-
icantly lower trigger and reconstruction efficiencies, resulting in much smaller event yields
than the dimuon ones. Throughout this note, the shorthand µµ denotes an oppositely charged
µ+µ↓ pair, and charge-conjugate processes are implied unless otherwise stated.

To reduce systematic uncertainties in the measurements, the branching fractions of the six de-
cays are normalized to the corresponding resonant decay modes Xb → J/εΥs(→ µµ), in which
the lepton pair originates from the J/ε meson rather than directly from the Xb hadron. The dif-
ferential branching fraction is therefore determined according to Eq. 1:

▶ b → sℓℓ: Flavor - Changing Neutral
Currents (FCNCs)

▶ Transitions are forbidden in SM at tree
level and proceed only through
higher-order electroweak loop diagrams
=⇒ highly suppressed: B ∼ 10−7

sensitivity to new physics

▶ Six different channels measured
simultaneously – most precise
measurements to date

▶ Also measured: isospin asymmetry,
R(ψ(2S))

Results in agreement with previous CMS & LHCb results
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Figure 6: Comparison of measured differential Branching Fraction with the theoretical predic-
tion taken from the Flavio package for (a) B+ → K+µµ, B+ → K↑+µµ, (c) B0 → K0

Sµµ, (d)
B0 → K↑0µµ, (e) B0

s → φµµ, and (f) Λ0
b → Λµµ.
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Observation of a B∗+
c meson

Phys. Rev. Lett. 137 (2026) 141901�, Run 2

Testing the strong sector of the SM

▶ The lightest B∗+
c excitation, 13S1 state, is

abundant but challenging experimentally:

• M(B∗+
c )−M(B+

c ) predicted to be ∼50–70
MeV → very soft photon in B∗+

c → B+
c γ

▶ Semileptonic channel for B+
c reconstruction

▶ Soft converted photons reconstructed from
tracks down to 100 MeV on preselected set of
events

▶ New state observed with > 8σ significance

∆m(B∗+
c ) = 64.5± 1.4(stat.) +1.0

−1.4(syst.) MeV

• In agreement with theory predictions based on
QCD potential models

• Larger than recent lattice QCD calculations

BD - threshold

Bc*

2S

1P

[PRD 70 (2004) 054017]

B+
c

µ+

µ+
µ−

p p

γ

νµ

e+

e−

B∗+
c

0

10

20

30

40

C
an

di
da

te
s 

/ 2
.5

 M
eV Data

Total fit
γ+

c B→*+
cB

Combinatorial bkg.

ATLAS
-1 = 13 TeV, 140 fbs

Region 2

0 20 40 60 80 100 120 140 160

 [MeV])+µψ)-m(J/-e+e+µψm(J/

2−
0
2

σ
(D

at
a 

- 
F

it)
 /

ICPPA 2026, 27 – 30 October 2026 Tatiana Lyubushkina JINR 16 / 23

https://doi.org/10.1103/vrxp-zkbs


A lot of open questions

▶ What is dark matter?

▶ Origin of the matter/antimatter asymmetry?

▶ Why 3 fermion generations?

▶ Hierarchy problem?

▶ Nature of EW phase transition?

Searching for BSM particles and phenomena

ATLAS Searches Summary Plots�
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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 QBH 1 e, µ 1 j − 165 n = 6 2604.194959.4 TeVMth

ADD BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.6 TeVMth
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3 → tν) = 1 2004.140601.2 TeVLQ3 mass
Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd

3 → tτ) = 1 2101.115821.4 TeVLQ3 mass
Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd

3 → bν) = 1 2101.125271.3 TeVLQ3 mass
Scalar LQ 3rd gen ≥2 e,µ,τ − − 140 B(S̃1 → bτ) = 1, λbτ = 2.5 2503.198362.1 TeVLQ3 mass
Scalar LQ mix gen 1 e ≥1 j, ≥1 j, ≥1 b − 140,55 B(S̃1 → be) = 1, λbe = 2.5 2507.036502.6 TeVLQmix mass
Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. 2306.176422.0 TeVLQ3 mass
Vector LQ mix gen 1 e, µ ≥4 j, ≥1 b Yes 139 B(Ũ1 → bµ) = 0.5, Y-M coupl. 2210.045172.0 TeVLQ3 mass
Vector LQ 3rd gen multi-channel − Yes 139 B(Ũ1 → bτ) = 0.5, λbτ = 2.5 2503.198362.5 TeVLQ3 mass
Vector LQ mix gen 1τ 1 b Yes 140 B(U1 → bτ) = 0.25, λcν = 2.5 CERN-EP-2026-1363.0 TeVLQmix mass
Vector LQ 3rd gen multi-channel ≥1 j, ≥1 b − 139 B(Ũ1 → tτ) = 1, Y-M coupl. 2401.119281.8 TeVLQ3 mass

VLQ TT → Ht/Zt + X 1e,µ ≥5 j, ≥2 b Yes 139 SU(2) doublet CERN-EP-2026-1311.6 TeVT mass
VLQ XX →Wt/Zb + X multi-channel 139 SU(2) doublet (X T) 2212.052631.5 TeVX mass
VLQ T → Ht/Zt multi-channel Yes 139 SU(2) singlet, ΓT /mT= 20% 2408.087892.0 TeVT mass
VLQ Y →Wb 1 e,µ ≥1 j, ≥1 b − 139 B(Y →Wb)= 1, ΓY /mY = 20% 2506.155152.3 TeVY mass
VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, ΓB/mB= 20% 2308.025951.8 TeVB mass
VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ mass
VLL µ′ → Zµ/Hµ multi-channel − − 140 SU(2) doublet 2411.071431.3 TeVµ′ mass
VLL e′ → Ze/He multi-channel − − 140 SU(2) doublet 2411.071431.2 TeVe′ 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 Λ = m(b∗) 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/1 J − 139 m(WR ) = 4.8 TeV, gL = gR 2304.095533.6 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 2211.075051.1 TeVH±± mass
Multi-charged particles − − − 139 DY + γγ fusion, |q| = 6e 2303.136131.6 TeVmulti-charged particle mass
Magnetic monopoles − − − 138 γγ fusion, |g | = 1gD , spin 1/2 2308.048353.6 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 13 TeV

partial data

√
s = 13 TeV
full data

√
s = 13.6 TeV

partial data

√
s = 13, 13.6 TeV

combined data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: Spring 2026

ATLAS Preliminary∫
L dt = (3.6 – 195) fb−1

√
s = 13, 13.6 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 Searches Summary Plots�

10 2 10 1 100 101

Mass scale [TeV]

1 quark compositeness 2j 138
2 quark compositeness 2j 138
3 quark compositeness 2 138
4 quark compositeness 2 138
5 Excited-lepton CI 2  + 2j 77
6 Z′ mediator (dark QCD) 2j + MET 138
7 (Axial-)vector mediator 2e,2 138
8 (Axial-)vector mediator 2j 138
9 Z′ 2HDM h + MET 36
10 Baryonic Z′ h + MET 138
11 emerging jets (dark QCD) 4j 138
12 scalar mediator (fermion portal) 1j + MET 101
13 2HDM+a (H) 2  + MET 138
14 Leptoquark mediator 1  + 1j + MET 77
15 pseudoscalar mediator 1j + MET 101
16 dark Higgs 1,2  + 2j + MET 138
17 inelastic dark matter model 2  + MET (displaced) 138
18 gluino (displaced) displaced vertices 138
19 gluino (prompt) 6j 128
20 stop (displaced) displaced vertices 138
21 stop (prompt) 4j+b 138
22 neutralino (displaced) displaced vertices 138
23 squark to 4 quarks 2j 38
24 mass-degen. higgsinos 3j (boosted) 128
25 ADD HLZ 2j 138
26 non-rotating BH ( , ) + 7j 138
27 ADD GKK emission 1j + MET 101
28 ADD QBH 2j 138
29 RS QBH 2j 138
30 RS GKK 138
31 3-brane WED 2j 138
32 split-UED  + MET 138
33 excited light quark 2j 138
34 excited muon  + 2j 77
35 excited electron e + 2j 77
36 excited tau + / 138
37 excited b quark  + j 138
38 HNL (Majorana) 3 138
39 Vector like taus 3 (+ ) 138
40 Type-III seesaw heavy fermions 3 (+ ) 138
41 Axigluon, Coloron 2j 138
42 SSM W′( )  + MET 62
43 SSM W′( )  + MET 138
44 SSM W′(qq) 2j 138
45 SSM Z′( ) 2e,2 283
46 SSM Z′(qq) 2j 138
47 LFV Z′ e 138
48 LRSM WR 2  + 2j 138
49 Superstring Z′ 2e,2 283
50 Z ′(B3 L2) 2  + 1b 138
51 Leptophobic Z′ 2j 78
52 ZD, narrow resonance 2 138
53 Z′(qq) 1  + 1j 138
54 String resonance 2j 138
55 Diquark (paired dijets) 4j 90
56 Scalar diquark 2j 138
57 HSCP Z′ dE/dx 101
58 Z  resonance 2e/2 /2j + 36
59 Color-octet scalar 2j 138
60 Higgs  resonance 1  + 1j 36
61 LQ pair production 2 + 2j 138
62 gluino dE/dx 101
63 axion-like particle  (pp) 103
64 SUEPs ggH Scouting SUEP 138
65 W  resonance 1  + 1j 138
66 pp + Z/ + X ,  (pp) 37
67 X 2( ) 138
68 tt + 3 , 4 138

# Model Final state L [fb 1] 95% C.L. Exclusion Upper Limits
LL/RR    37 TeV
+
LL/RR    17 TeV
LL/RR    36 TeV
+
LL/RR    24 TeV

    0.2-5.7 TeV
Mmed    1.5-5.1 TeV
Mmed    0.2-4.64 TeV
Mmed    1.8-2.8 TeV
Mmed    0.5-3.2 TeV
Mmed    2.25 TeV
Mmed    1.95 TeV
Mmed    1.5 TeV

MH    1.2 TeV
Mmed    0.3-0.6 TeV
Mmed    0.47 TeV
Mmed    0.16-0.352 TeV
Mmed    0.003-0.08 TeV

Mg    0.3-2.7 TeV
Mg    0.07-1.7 TeV
Mt    0.3-1.85 TeV
Mt    0.5-0.8 TeV

M 0    0.3-1.3 TeV
Mq    0.1-0.72 TeV
MH    0.07-0.075, 0.095-0.112 TeV
MS    15.9 TeV
Mth    11 TeV
MD    10.7 TeV
Mth    8.5 TeV
Mth    6.3 TeV
MG    4.8 TeV

m(gKK)    2-4.3 TeV
1/R    0.4-2.8 TeV
Mq *     0.5-6.3 TeV
M *     0.2-5.7 TeV
Me *     0.2-5.6 TeV
M *     0.175-4.7 TeV
Mb *     1-2.2 TeV
MX    0.01-1.6 TeV
M ′    0.1-1.045 TeV
M     0.1-0.98 TeV

Moct    0.5-6.6 TeV
MW ′    0.4-5.9 TeV
MW ′    0.6-4.8 TeV
MW ′    0.5-3.6 TeV
MZ ′    0.2-5.55 TeV
MZ ′    0.5-2.9 TeV
MZ ′    0.2-5 TeV

MWR    5 TeV
MZ ′    0.2-4.95 TeV
MZ ′    0.35-0.5 TeV
MZ ′    0.05-0.45 TeV
MZD    0.11-0.2 TeV
MZ ′    0.01-0.15 TeV
MS    0.5-7.9 TeV

Mdq    2-7.5 TeV
MX    0.6-7.5 TeV
MZ ′    4.57 TeV
MX    0.35-4 TeV

Moct    0.6-3.7 TeV
MX    0.72-3.25 TeV

MLQ    0.3-2.12 TeV
Mg    2.08 TeV
Ma    0.5-2 TeV
M     0.2-2 TeV
MX    0.3-2 TeV
MX    0.6-1.6 TeV
MX    1.2 TeV
M     0.015-0.075, 0.108-0.34 TeV
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CMS Preliminary Overview of CMS EXO Results July 2026

s = 13, 13.6 TeV,  L = 36 283 fb 1

https://cms-summary-searches.docs.cern.ch/exo_all_bar/

Dataset
Run 2 (13 TeV) Run 3 (13.6 TeV)
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BSM: Search for dilepton resonances
arXiv:2607.28334�, Partial Run 3 (2022-2024)

Search for high-mass Z ′ vector boson: Sequential SM Z ′, GUT Z ′
χ and Z ′

ψ

▶ Analysis:
▶ two high-pT leptons (electrons or muons),
▶ background dominated by Drell-Yan,
▶ bump hunting over smooth background spectra,

modeled using analytical functions

▶ Results:
▶ No globally significant deviation from the

background-only hypothesis
▶ Limits on Sequential SM and E6-motivated

grant unification model

Lower mass limits when combined with Run 2 search: Z ′
SSM(5.5 TeV), Z ′

χ(5.1 TeV), Z ′
ψ(4.8 TeV)
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BSM: Search for dilepton resonances
CMS-PAS-EXO-25-021�, Partial Run 3 (2022-2025)

Search for resonances between 200-6000 GeV in the dilepton (ee,
µµ) mass spectra, explore SSM and GUT Z ′ and Kaluz-Klein
graviton GKK

Analysis: Two high-pT leptons, bump search in sliding mass window of
±4σ around hypothesized mass or larger, normalizing to SM
Z to reduce systematic effects

Results: No significant excess, 95% CL lower mass limits of 5.55
(4.95) TeV are set for Z ′

SSM (Z ′
ψ)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-25-021/


Summary

▶ LHC Run 3 Legacy: Data-taking successfully completed, delivering an outstanding ∼ 351 fb−1

of pp collision data at
√
s = 13.6 TeV to both experiments. The CERN complex has smoothly

transitioned into LS3.

▶ Many Run 3 results already out, and many more to come (with the full dataset)!

▶ With continued improvements in analysis techniques and new HL-LHC detectors, we can expect
to surpass our own projections

▶ Preparing for the next generation of experimental particle physics

ATLAS� CMS�
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms-results.web.cern.ch/cms-results/public-results/publications/


Thank you!



Di-Higgs production
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Feynman diagrams that contribute to ggF and VBF HH production at LO with coupling modifiers
affecting the Higgs boson coupling strength to fermions (κf ), to vector bosons (κV ), to two vector

boson vertices (κ2V ), and the Higgs boson self-coupling strength (κλ)
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|Vcb| CKM matrix element in tt̄ events
CMS-PAS-TOP-26-001�, Run 2

▶ New |Vcb| analysis from
CMS

▶ Use BDT for tt̄ kinematic
reconstruction, tag
hadronically-decaying W s

▶ Multiclass DNN to
separate W → cb from
other W → qq′(+jets)

▶ Fit with 2ℓ control region

▶ Complementary to
B-physics measurements;
probe at EW scale
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Signal: W cb (matched)
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