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

Data-taking highlights

ATLA

» 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).
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> Delivered an outstanding ~ 351 fb™! of proton-proton R B RRRERREZERZRY
collision data (with ~ 92% recording efficiency), Monthin Year
alongside reaching full heavy-ion goals. CMS Luminosity Public Results(Z'

» More than 500 fb~! of proton-proton collisions have o0
been delivered to both ATLAS and CMS since the
beginning of regular LHC physics operations
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

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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Collider-experiments: probing the SM broadly and deeply across all its sectors
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-017/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-004/index.html

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, T measured to 5-12%

» k framework to measure multiplicative modifiers
to the coupling strengths, assuming kinematic
distributions are preserved: nf, = UP/O"S)M

Charm coupling constrained to |k¢| < 4.1 at 95% CL
B(H — inv) < 12 % at 95% CL

. . 2.1
Higgs boson width ' = 3.6t1.6 MeV

Self-coupling constrained to —1.5 < k) < 6.5 at 95%
CL based on single and di-Higgs analyses

v vyYyywy

» Includes also differential measurements for the main
production processes
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/

Higgs boson properties in focus

The statistical combination is based on analyses that

measure the following decay channels: H — vy, H — ZZ,
H— WW,H— 77, H— bb, H— pp, H— Z~v (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: |kc| < 3.5

> [ =5.073% MeV [CMS-HIG-25-003(]

5.1fb"(7 Tev) + 107 fb’ (8 Tev) + 138 b’ (13 Tev)

CMS Preliminary

ATLASH-4l Run1+Run2
Phys. Lett. B 843 (2023) 137880

CMS H-4l Run1+Run2
Phys. Rev. D 111 (2025) 092014

ATLAS H-yy Run 1+ Run 2
Phys. Lett. B 847 (2023) 138315

i Total

=

He4  125.08%0.12 (£0.10 £ 0.05) GeV.

Hee=i 12522 %0.14 (+0.11£ 0.09) GeV

stat Syst
Tot Stat Syst

124.94 +0.18 (£ 0.17 £ 0.03) GeV

CMSH-yy Run1+Run2
CMS-PAS-HIG-24-007

Fe= 125,07 £0.13(+0.09 £ 0.10) GeV
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Most precise to date ATLAS H — vy & H — 4/

(Run 1+Run 2):

my = 125.11 4 0.09(stat.) £ 0.06(syst.) GeV
Phys.Rev.Lett. 131 (2023) 251802
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-25-003/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/index.php
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/

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 (4]

8+0.9

> Best-fit of the signal strength is 0.87 77, with obs. (exp.)

significance 1.1 (1.3)

S 4 T T T T T
ATLAS and CMS < ATLAS and CMS

LHC Run 2 a5k T ATLAS
VE=13TeV P LHC Run 2 — CMs
ofFl + ol 32810 3pVs=18TeV — Combined 4
Al other k fixed to SM
25¢ — Obs.95%CL  * Bestfit(1.8,1.0) |
oms|- s 26 26 of Exp.95%CL ¥ SM prediction
ATLAS 29 24 35
Combined|~ 25 17 28
. L
T T LCARIRSF]

95% CL upper limit on HH signal strength

»> Observed and expected 95% CL contours for the simultaneous
scan of the profile likelihood as a function of k) and koy
Kx = A/ASM (trilinear self-coupling),
Koy = cHHVV/cf/‘,jVV (coupling of two Higgs bosons to two
vector bosons)
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New ATLAS [arXiv:2607.26879 (7]

» HH — bbTT,

Run 24202242023

> Signal strength puy = 2.67%% ) significance
2.60 obs. (1.20 exp.) — sensitivity close to
Run 2 ATLAS+CMS combined result

T
[E=13/136 eV, 140 /56 1"

T T
ATLAS

HH . bB '7
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TiopThag RUN 2 26 % (135
TyagThag RUN 3 2830 (5.3
Tyadlpag RUN 2 f—et—H 234 (3, %93)
Run3 30 G D

Run2f |[+—e—H 2457 (. 53)
Combined, | #—e—H 2615 (54 %2)
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u

New CMS [arXiv:2604.27044 (]

» HH — bbbb,

Run 24202242023

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

Run 2
Obs. 7.5
Exp.38

Run 3
Obs. 4.4
Exp. 4.4

Combination
Obs. 4.7
Exp. 2.8

Tatiana Lyubushkina

138 fb” (13 TeV) + 62 fb™ (13.6 Te'

CMS — SM —Obseved i
- Expected  [1£20
I
N ‘
|
| E
|
| ’
|
|
|
|
|
L L
1 10
95% CL upper limit on Ko
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!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2025-16/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-018/

W boson measurements (CMS)

Events/GeV

Data/Pred.

High-precision measurement of the W boson

mass [Nature 652, 321-327 (2026) (7]

» Uses 13 TeV data from 2016 (Run 2)
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» Uncertainty comparable to CDF

» Good agreement with results of the EW fits
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Search for W — 3h [smp-25-011(7]

Events / GeV

Data/ Exp.

» Uses (Full Run 2 4+ Run 3 data 2016-2026)
» Rare decay, no precise theoretical prediction
> Estimate: B(W* — 37%) ~ O(10~7 — 1075)

CMS preliminary Run2+Rung, 446 f*
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» Combined result: B(W — 3h) < 2.4 x 1077

at 95% CL

» Four times better than previous results
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-002/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-011/

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 » Vector-boson scattering unitarized by Higgs couplings
» Study of inclusive ZZ production » Joint analysis of Run 2 + 2022-2024:
» Using 2022-2024 data and combining with Run 2 2 [ ans + oam
. . . . i Vs=136TeV, 1641b~" : WX?{IE\/,VV
» Inclusive polarization fraction Signal Rogion. Post it B W] QCDAINT

fyo measurement [ Misid. leptons
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f =0.080+0.017 > Joint analysis of Run 2 + 2022-2024: 4.00 (2.90

exp.) for WZ,; — first evidence

» Combination with Run 2 data: 6.50 (5.60 exp.) for
Z,; Z; production — first observation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2024-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2024-03/

Top quark physics at the LHC

» Precise measurements of top-quark

properties probe the SM and theoretical 9 ' ‘ . e s q '
predictions Ziﬂm/< :ZZZ]i ::ji 4

» Largest mass of any fundamental .

particle — The top quark mass m; is ! ' ! L ’ ! '

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

vy

Basic production modes:
QCD tt pair production: gg-fusion (~ 90%), gq annihilation

EW production of single top quarks
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

|Vey| CKM matrix element in tt events (ATLAS)

JHEP 07 (2026) 078(Z, 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 |V,,| measurement in top quark decays: on shell W bosons

> Vs>  B(W* —cb)  B(t— bbc)
|Vcb‘ -

> Va2~ BWF 5 ¢q)  B(t — bge)

» Complementary to bound-state B meson measurements
tt events with a single lepton + four jets in the final state
> 38 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

|Vep| = 5075 (stat.) 9, (syst.) x 1073

ICPPA 2026, 27 — 30 October 2026
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https://doi.org/10.1007/JHEP07(2026)078

|Ves| CKM matrix element in tt events (CMS)

CMS-PAS-TOP-26-002(4, Run 3 (2024)

CMS Preliminary 110 fb! (13.6 TeV)
S | ™= Otherbkg.  mm fi+j e mE e, o fLF t Data | Postfit
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»> New | V.| analysis from CMS

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

» The identification of ¢ and b

. . . . o] T T T =
quark-initiated jets using the Unified g1e [ Prodaa/ped [
Particle Transformer (UParT) Eh = s==

s . . - 805 . L . . s

» Distinguish the signal from various tt Event classifier score bins
background processes — machine learning . . .
classifier based on the Particle e oot 10t
Transformer (ParT) architecture -t Reference [Vop| = 4.11 £ 0.12

» 7 control regions 5.00111 (143 stot. 293 syst

T 0 o, 13 e —A
» Background: tt +jets (140 7%, 13 Tev)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-26-002/

Measurement of time-dependent CP violation in B, — J/¢ K

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

_ S¢sin(Am-t)—Cr cos(Am-t)
- cosh( % )7Df sinh( %)

acp(t)

» Clean way to access CKM phase sin(23)
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 (S¢) and direct CP
violation effects (Cr).

» The world’s best precision for the
time-dependent CP-violation in
BY — J/¥K? decays, which is used to
improve control of the penguin
contribution to sin(28)

» This result is based on a new analysis
framework that is transferable and
scalable to multiple measurements

ICPPA 2026, 27 — 30 October 2026
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world’s best measurement from LHCb
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-26-005/

b — suu differential branching ratios

BPH-24-005(7, Partial Run 3 (2022-2024)

b

uc,t et

s b s b s
W W w w NP
7120 ¢ :
14
o l [

.

b — st¢: 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~/
sensitivity to new physics

Six different channels measured
simultaneously — most precise
measurements to date

Also measured: isospin asymmetry,

R(4(25))

ICPPA 2026, 27 — 30 October 2026

Results in agreement with previous CMS & LHCb results
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-005/

Observation of a B:" meson
Phys. Rev. Lett. 137 (2026) 141901, Run 2

Testing the strong sector of the SM
> The lightest B} excitation, 135 state, is
abundant but challenging experimentally:
o M(Bi*)— M(BJ) predicted to be ~50-70
MeV — very soft photon in BT — Bly
> Semileptonic channel for B reconstruction

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

» New state observed with > 8¢ significance

7600

<
o]
8

6800

Mass (MeV)

6400

6000

Am(B:T) = 64.5 + 1.4(stat.) T19(syst.) MeV

e In agreement with theory predictions based on
QCD potential models

e Larger than recent lattice QCD calculations

ICPPA 2026, 27 — 30 October 2026

[7572 7588 7565 7571 75684
7455 7475 7387 7563
7472 7365_7376_7380 ¢
7250 1272 72 7269 7276 7271
£ 7122 7150 7164 7266
— T 7028 7041 7045 . ’/w\
6355 6887 ) - 7036 ¢
F— §750 668" q \\
28 7”" ) >
Bc* I ¥
L /mx\ B, Mass Spectrum | -
[ —— 4B,
- [PRD 70 (2004) 054017]
1 [ (2004) 054017) ? e D
Iq 3q 3 3p 3 3 3 3 ‘
S, 'S, P, P, P, D, D, 'Dy°F, F, °F,

> E T T T T T N
2 [ ATLAS ¢+ Data 1
o 40 \s=13Tev, 140 10" E];mﬂ'f; 7
) r _ By 1
ﬁ L Region 2 — - Combinatorial bkg. J
g 30 -
< [ 1
he] [ ]
g 20 |
< L ]
© r d
10 [
o g E
% 0 20 40 60 80 100 120 140 160
a m(3/pprete)-m@/ppt) [MeV]

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?

Searching for BSM particles and phenomena

ATLAS Searches Summary Plots(Z'

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: Spring 2025 JLde=(Es-195)b7  s=13,136TeV
Mode! Ly detst EPT fraw) Limit Reference

10 Mass scale [Tev]
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» Hierarchy problem?
» Nature of EW phase transition?

CMS Searches Summary Plots('

Overview of CMS EXO Results July 2026

CMs preliminary

13,1367, JL- 36203 0

95% 1. Exclusion pper Limits
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2026-004/
https://cms-summary-searches.docs.cern.ch/

BSM: Search for dilepton resonances
arXiv:2607.28334 (4, Partial Run 3 (2022-2024)

Search for high-mass Z’ vector boson: Sequential SM Z’, GUT Z; and Z,

> Analysis: > Results:
> two high-pT leptons (electrons or muons), » No globally significant deviation from the
» background dominated by Drell-Yan, background-only hypothesis
> bump hunting over smooth background spectra, » Limits on Sequential SM and E6-motivated
modeled using analytical functions grant unification model

Lower mass limits when combined with Run 2 search: Z{gy (5.5 TeV), Z, (5.1 TeV), Z/,(4.8 TeV)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2025-09/

BSM: Search for dilepton resonances

CMS-PAS-EX0-25-021(Z, Partial Run 3 (2022-2025)

. . CMS Prelimi 283 fb" (13.6 TeV, ee + p*p-,
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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™!
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

ATLASS 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

9 EETE—————@ - - - - - - H . K

Kf H

Feynman diagrams that contribute to ggF and VBF HH production at LO with coupling modifiers
affecting the Higgs boson coupling strength to fermions (k¢), to vector bosons (ky), to two vector
boson vertices (k2 V), and the Higgs boson self-coupling strength (k)

ICPPA 2026, 27 — 30 October 2026 Tatiana Lyubushkina JINR 22 /23



|Ves| CKM matrix element in tt events
CMS-PAS-TOP-26-001(Z, Run 2

» New |Vcb| analysis from 138 fb-1 (13 TeV)
>
CMS g 1ol CMs
. . & 7 Simulation Preliminary CMS Preliminary 138 fb~1 (13 TeV)
> Use BDT fOI’ tt klnematlc % 8 £ Dat; ‘- tE,V\‘Iaud(us)‘ \/+je‘ts/thN\/
. g o :
reconstruction, tag 208 S S R WG unc.
hadronically-decaying Ws &
06 i

» Multiclass DNN to
separate W — c¢b from 04
other W — qq’(+jets)

Signal: W - cb (matched)
— vs.W > cb (unmatched)  (AUC: 0.861)
vs. W - ud(us) +b/bb  (AUC: 0.935)

H H H 0.2 — vs. W - ud(us) + non-b/bb (AUC: 0.965) | 1.05 T T T T T
» Fit with 2¢ control region T e osm | 2 b
- vs. W o cs(ed) + olcé (AUC. 0.919) — 1.00 % 3 3 ¥ ¥ ¥ $ § 1
> COm p|ementary tO oo vs.W‘ACS(cd)nghl (AUC: 0.920) % 0 ‘ ‘ ‘ ‘ ‘
. . 102 107! 10° O 7704 0.5 0.6 0.7 0.8 0.9 1.0
B-physics measurements; Background efficiency Dwoco

probe at EW scale

|Vep| = 4.59795% (stat.) 7982 (syst.) x 1072
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-26-001/

