
Sergei Shmatov(JINR, Dubna)
shmatov@cern.ch shmatov@jinr.ru

A.I. AlikhanyanNational Science Laboratory
Yerevan State University 

Yerevan, September 29,2025

https://cms.cern/ https://cms-info.web.cern.ch/

Beyond Standard Model Briefings 
from the CMS Experiment @ the LHC

mailto:shmatov@cern.ch
mailto:shmatov@jinr.ru
https://cms.cern/
https://cms-info.web.cern.ch/


Á Recent LHC Legacy and Strategy for Enriching Searches

Á New Gauge Bosons/EFT/Higgs Exotic Decays/Extra Higss/Dark 
Matter/Excited Tops

Á Summary

Content

29.09.2025Sergei Shmatov, BSM Physics Briefings from CMS@LHC  2



Today Statistics from CMS

This talk are summarized the selected (by me) the recent CMS 
results on Physics beyond the SM

Recent CMS Briefings(briefings for 2025 are given below)
LHCP2025, 3-9 May 2025, Taipei (Taiwan)
EPS HEP 2025, 7-11 July 2025 (Marseille)
Moriond/QCD2025, 23 Mar ς6 Apr2025, La Thuile (Italy)
Moriond/EW2025, 23 Mar- 30 Mar 2025, La Thuile (Italy)

1402papers based on 
collision data 
(+25 on cosmic data)

http://cern.ch/cms-results/public-results/publications-vs-time/

CMS Publications Page
https://cms-results.web.cern.ch/cms-results/public-results/publications/

CMS Public Results (newest)
https://cms-results-search.web.cern.ch/

Á Exoticaς255
Á SUSYς148 
Á B2G ς90  
Á Higgs ς206
Á Standard Model/Top/B and Quarkonia- 443
Á Forward and Soft QCDς50 
Á Heavy Ion ς154
Á Detector Performance ς51
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https://cms.cern/tags/physics-briefing?page=0
http://cern.ch/cms-results/public-results/publications-vs-time/
https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://cms-results-search.web.cern.ch/


Summary of Standard Model Tests with EWK Bosons
Summaries of CMS cross section measurements
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Agree with the Standard 
Model predictions!

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined


Recent LHCLegacy from Higgs Studies
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CMS-HIG-21-08
CMS Physics BriefingsThe legacy combination of Higgs boson studies using the full LHC Run 2 data, 

recorded between 2016 and 2018 ςthe result is the most precise and 
comprehensive measurement of the Higgs boson by CMS to date.

By combining Higgs boson measurements based on the LHC Run 2 data we 
are able to reach an unprecedented level of precision. 
Á provide a stringent test of the SM, confirming its robustness across a wide 

range of observables

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-018/index.html
https://cms.cern/news/pieces-precision-building-higgs-bosons-clearest-portrait-date


We still have room for 
New Physics

Higgs Portrait after 10 Years

Á precisions of cross section and branching ratio measurements in 

combined channel are down to 8.5% level

Á we have ~6-30% accuracy for measurements of couplings

Á spin, parity, differential distributions do not contradict the SM

Run 1 Ý discovery of Higgs boson in 2012 (h­ZZ­ 4l, gg). The first studies of Higgs boson.

Run 2 and Run 3 Ý the detailed studies

Á all main production mechanisms are observed, including h Ÿ bbar and h Ÿ ɛɛ

Á mass of Higgs boson mh is measured with an accuracy of 0.1% (!)

Á the absolute value of a width                              is getting closer to the SM 

expectations (4.1 MeV). We still need to improve an accuracy

29.09.2025

Nature 607 (2022) 60
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No break from Standard 
Model!

Accuracy of measurements 
has to be improved 
ÝRun 3, HL-LHC

Flavor Universality 

https://www.nature.com/articles/s41586-022-04892-x
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LHC Timeline and Data That We Have

Á CMS Dataset RUN2
V ~163 fb-1 of proton-proton collisions@13 TeVis delivered
V 151.78 fb-1 is recorded by CMS (data-taking efficiency ~93% )

Á CMS Dataset RUN3
V 285.42 fb-1 is already delivered @ 13.6 TeVduring the RUN3 
V 262.13 fb-1 is recorded by CMS (data-taking efficiency ~92% )
V ~93%ƻŦ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ άƎƻƻŘ ŦƻǊ ǇƘȅǎƛŎǎέ ƛƴ нлно ό91%in 2022)
V number of pp interactions per beam crossing (PU): àmð= 59 for 2025

Á ~300-350fb-1 it is expected @ 13.6 TeVfor the end of the RUN3 (>500 fb-1, in total for 
RUN1/2/3)

We are here

CMS Luminosity Information 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

Linst = 2.1×1034 cmҍнsҍм Liinst = 7.5×1034 cmҍнsҍм

CMS Data Quality Information 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQualitySergei Shmatov, BSM Physics Briefings from CMS@LHC  7

Sº450 fb-1

less than 10% of all 
expected data!!! 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality


Strategy for Enriching Searches for BSM Physics
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Higgs Boson as a Tool to Search for the New Physics

Long-Lived Particle Searches

Parking and Scouting Data

Highly boosted objects 
produce emerging jets/leptons

29.09.2025 8



When Light Turns Into Weak Heavy Bosons
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Turning the LHC into a photon collider, the CMS experiment observesfor the first
time how two photons fuse and convert into two W bosons 

Ý Tests SM predictions for self-interactions of EW gauge bosons 
from the triple gauge coupling (TGC) ςɹ ²²and from quartic 
gauge coupling (QGC) ςɹ ʴ²²

Ý Stringent limits are set on parameters that would describe 
possible deviations from the standard model (interpretation with 
an EFT approach as constraints on the dimension-8 operators

CMS SMP-24-019
CMS Physics Briefings

Inclusive cross section of the     
ʴҦɹ ²² ǇǊƻŎŜǎǎ ƛǎ

Fiducial cross section is

fully leptonic WW events

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-019/index.html
https://cms.cern/news/when-light-turns-weak-heavy-bosons


Hidden Signals of New Physics in Events with a High 
Energy Lepton Pairs
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A powerful framework to parametrize the indirect effects of BSM in a model-
independentmannerisprovidedby the effectivefield theory (EFT)framework.

Á predict non-universal coupling of the new physics to the 
fermions and could potentially explain the observed 
anomalies in some of the B-meson decays observed by the 
LHCb, BaBar, and Belle experiments. 

Á selecting those with an electron or a muon pair in 
association with 0, 1, or 2 bottom quarks.  

Á Upper limits on the product of x-section and branching 
fraction of the new physics are set. 

Á limits on the energy scale ɽof 8.3 to 9.0 TeVdepending 
on model parameters, and on the ratio of energy scale 
and coupling ɽκg ozf 2.0 to 2.6 TeV

Á Lepton flavor universality is also tested

The new physics interactions between two heavy quarks and two leptons

CMS-EXO-23-010
CMS Physics Briefings

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-010/index.html
https://cms.cern/news/hidden-signals-new-physics-events-high-energy-lepton-pair


Hunting the Heavy Z: Searching for a New Z boson by 
Studying Hadronic Decays of Top Quark Pairs
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The CMS experiment has conducted a search for heavy beyond-standard-ƳƻŘŜƭ ǇŀǊǘƛŎƭŜǎ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ ½  ōƻǎƻƴύ ǘƘŀǘ ƎƛǾŜ 
rise to a top quark-ŀƴǘƛǉǳŀǊƪ ǇŀƛǊ ŘŜŎŀȅƛƴƎ ƛƴǘƻ ƘŀŘǊƻƴǎΦ ¢ƘŜ ǎŜŀǊŎƘ ŜȄŎƭǳŘŜǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ǘƘŜ ƴŜǿ ½  ōƻǎƻƴ ǿƛǘƘ ƳŀǎǎŜǎ 

below a few TeV, and provides the most stringent constraints to date on its possible production for masses above 3 TeV.

CMS-B2G-24-003
CMS Physics Briefings

In this analysis,we consider models that predict new
particleswith enhancedcouplingto the top quarkdueto
its large coupling to the Higgsfield, yielding its large
mass.
Á LeptophobicZ gaugebosons
Á andRandall-SundrumKaluza-Kleingluons(gKK)

An analysisemploysmachine-
learning-basedtechniquesfor
top quark identification in the
fully hadronic decay channel
and achieves improved
sensitivity compared to
previoussearches.

mKK< 5 TeV; 
mZ (DM) <  3.9 TeV
mZ  (SSM) < 4.49, 5.52, and 
6.85 TeVfor 1%,  10%, and 
30% relative widths. 

Stringent limits in this 
channel to date!

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-24-003/index.html
https://cms.cern/news/hunting-heavy-z-searching-new-z-boson-studying-hadronic-decays-top-quark-pairs


On the Hunt for a Rule-breaking Heavy Boson
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The CMS Collaboration probes decays of the Z boson which 
would defy our expectations of lepton behavior

Lepton-flavor-violating (LFV) processes are not expected to occur according to the 
standard model (SM) of particle physics
Ý Could the Z boson decay to charged lepton pairs of mixed flavor, 

i.e, ½ҦŜ- +˃, ½ҦŜ- +̱, or ½Ҧ-˃ +̱? 
Ý In some models, LFV decays of the extra gauge bosons Z' are allowed and, through  

mixing with the SM Z boson, LFV decays of the Z boson could occur as well.

Á no excess of events above the SM predictions is      
observed

Á the observed (expected) 95% CL upper limit on the 
branching fraction are

1.9 (2.0) ³10-7 for ½ҦŜ˃
13.8 (11.4) ³10-6 for ½ҦŜˍ
12.0 (5.3) ³10-6 for ½Ҧ˃ˍ

ÁŦƻǊ ½  ōƻǎƻƴ ƳŀǎǎŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ммлς500 GeV, 
upper limits are set on the cross section times the 
branching fraction to eµ that extend from 0.3 to 7 fb

CMS-SMP-23-003
CMS Physics Briefings

https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-23-003/index.html
https://cms.cern/news/hunt-rule-breaking-heavy-boson


Hunting Exotic Higgs Bosons Decaying to Lightweight 
Scalar Particles
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CMS-EXO-24-034
CMS Physics Briefings

In a first search of its kind at the LHC, the 
CMS experiment looks for light beyond-the-
standard-model particles with a mass in the 
GeV range that decay into charged hadrons 

and muons. 

What does the Higgs boson have to do with dark matter?
Ý here we consider ǘƘŜ ƳƛƴƛƳŀƭ IƛƎƎǎ ǇƻǊǘŀƭ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ǘƘŜ ǎƛƴƎƭŜǘ ŬŜƭŘ { 
Ý pair of prompt or long-lived scalars with proper decay lengths up to 100 mm and masses   

within the range of 0.4-2 GeV 

It establishes that if NPs exist, they would be produced in less than 0.01% of all 
Higgs boson decays

The main strategy is
άǊŜǉǳƛǊƛƴƎ ǘƘŜ ƛƴǾŀǊƛŀƴǘ 
mass of each pair to be 
similar within a very narrow 
window is one of the crucial 
elements  in reducing the 
ōŀŎƪƎǊƻǳƴŘ ǘƻ ƴŜŀǊƭȅ ȊŜǊƻέ 
©Soumya Dansana

mh125> mX

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-034/index.html
https://cms.cern/news/hunting-exotic-higgs-bosons-decaying-lightweight-scalar-particles


One photon short: Recovering Lost Photons Using AI to 
Hunt for Exotic Higgs Boson Decays
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CMS breaks new ground by 
reconstructing challenging 
photon signatures using 

machine learning, opening new 
paths in the search for physics 
beyond the standard model.

CMS-EXO-24-025
CMS Physics Briefings

Thesimplestextensionsof the Higgssectorincludeexoticdecaysof the form h125Ҧ !!, extra pseudoscalarboson A coming 
anadditionalSM-neutralsingletor can arises in two-Higgs-doublet model (2HDM)
Ý A search for an exotic decay of the Higgs boson I Ҧ ּצּצҦ пɹ Analysis uses a more advanced graph neural 

network (GNN)
Á trained on energy deposits in the ECAL, the network 

learns to identify patterns consistent with 
overlapping or incompletely reconstructed  photons. 

What if a new exotic particle from a 
non-standard Higgs boson decay 
escaped detection?

No excess above the SM is observed, but this analysis sets the most stringent 
limits to date in the majority of the explored mass range between 1 GeV and 15 
GeV in ּצmass

full range from 0.1 GeV to 60 GeV

mh125> mX

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-025/index.html
https://cms.cern/news/one-photon-short-recovering-lost-photons-using-ai-hunt-exotic-higgs-boson-decays


CMS-EXO-24-031
CMS Physics Briefings

Chasing Light-weight Particles in Higgs Boson Decays 
Using Pairs of Electrons
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The CMS experiment sets limits for BSM particles down to tens-
of-MeV aided by machine learning techniques

Axion-like particles (ALPs) are hypothetical light-weight neutral 
bosons that could solve deep mysteries in physics
Á the strong CP problem (why is CP-symmetry conserved in strong 

interactions?) 
Á nature of dark matter 

Ý in Higgs portal scenario H ­ ALP ­ e-e+

Values of the mediator mass of up to 2.5ς4.5 TeVare 
excluded
Á depending on the mHD and 
Á couplings of gq = 0.25 between the mediator and quarks, and 

g =̝1.0 between the mediator and the DM particles

IҦŀŀҦпŜ 

No significant excess above the standard model prediction is observed

mh125> mX

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-031/index.html
https://cms.cern/news/chasing-light-weight-particles-higgs-boson-decays-using-pairs-electrons


Exploring new frontiers: Searching for a heavy Higgs 
boson decaying to four leptons
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CMS-HIG-24-002
CMS Physics Briefings

We focus on the scenario where heavier Higgs boson (X) decays into four leptons 
via two Z bosons, with leptons being electrons or muons. This is known as the 
golden channel in Higgs boson searches.

Á No significant excess with respect to 
the standard model predictions is 
observed in the examined phase space,

Á Upper limits at 95% CL on the 
production cross section of the 
resonance multiplied by the branching 
ratio of decaying to two Z bosons are 
computed. 

Furthermore, the light excess at around 
650 GeV previously seen by the CMS and 
ATLAS experiments is not observed.

The searches are performed 
over a range of resonance 
mass from 130 GeV to 3 
TeV, considering both 
narrow and wide width 
scenarios

mh125< mX

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/index.html
https://cms.cern/news/exploring-new-frontiers-searching-heavy-higgs-boson-decaying-four-leptons


Search for Boosted Higgs Advances our Understanding 
of Dark Matter
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The CMS Collaboration hunts for Higgs bosons recoiling 
against dark matter particles

We tested two simplified benchmark models, 2HDM+a 
and Baryonic-Z'

CMS-SUS-24-007
CMS Physics Briefings

In the CMS experiment, we use the fundamental law of 
momentum conservation to infer the possible presence of dark 
matter in the detector
Ý the momentum in the transverse plane should be conserved 

before and after the proton-proton collision 

mZΩ< up to 2.1 TeVare excluded 
for mDM < 1 GeV
mDM < 500GeV are excluded for 
1.25 TeVZ'.

In the 2HDM+a model, 
mA = 960ς1300 GeV are 
excluded  for ma of 350 GeV. 

Other parameters, ǎƛƴʻ
values between 0.16 and 
0.93 are excluded, while the 
ǇŀǊŀƳŜǘŜǊ ǎǇŀŎŜ ǿƛǘƘ ǘŀƴʲ 
values less than 4.0 is 
excluded

ma < 350 GeV are excluded 

mh125< mX

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-007/index.html
https://cms.cern/news/search-boosted-higgs-advances-our-understanding-dark-matter


¢ƘŜ IƛƎƎǎ ōƻǎƻƴΩǎ {ƘŀŘƻǿȅ /ƻǳǎƛƴΥ ŀ /a{ {ŜŀǊŎƘ ŦƻǊ ǘƘŜ 
Dark Higgs
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CMS-SUS-23-013
CMS Physics Briefings

Remember the media buzz when 
we finally pinned down the Higgs 
boson in 2012? Turns out it might 
have a shadowy cousin ςthe dark 

Higgs ςand CMS is chasing it down.

{ƛƳǇƭƛŬŜŘmodelsof DM 
Á pair productionof DM particles
Á a spin-0 or spin-1 bosonicmediatorproducedin the s-channel
Á a mediatorcouldbe accompaniedby someother visibleSM particle, 

often emitted asinitial-stateradiation(ISR)
Á givesάmono-·έexperimentalsignatureswherethe mediatordecaysinto

weaklyinter actingDM particles(X=g/W/Z)

CMS uses a machine-learning tagger to identify a jet likely 
originating from a bottom quark-antiquark pair, plus large MET 

Found no excess above standard-model 
expectations. 

The result excludes at 95% CL (the first 
CMS limits on this!)
Á mHDbelow 160 GeV 
Á mediator masses up to 2.5ς4.5 TeV

scenario

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-013/index.html
https://cms.cern/news/higgs-bosons-shadowy-cousin-cms-search-dark-higgs


Beyond Light: Probing Dark Matter and Extra Dimensions
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By studying events with only a 
single energetic photon, the 

CMS experiment places some of 
the most stringent constraints 
to date on dark matter models 
and theories predicting extra 

dimensions of space

Monophoton events could be a signature that indicates fascinating 
phenomena, such as 
Á dark matter particles escaping detection
Á the existence of extra dimensions, as predicted by models like ADD 

model

CMS-SUS-23-016
CMS Physics Briefings

For the simplified DM production models considered, the observed 
lower limit on the mediator mass is 1085 GeV for 1 GeV DM mass. 

For the model with extra spatial dimensions, values of the effective 
Planck scale MD up to 3.20-3.17 TeVare excluded for between 3 and 6 
extra dimensions. 

the most sensitive limits 
from the mono-gfinal
state to date 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-016/index.html
https://cms.cern/news/beyond-light-probing-dark-matter-and-extra-dimensions-cms


Dark Matter and Pencil Jets: The Search for a Low-Ƴŀǎǎ ½Ω 
Boson Using Machine Learning
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The CMS experiment conducts the first search for dark matter particles produced in 
association with an energetic narrow jetτthe pencil jet.

CMS-SUS-23-017
CMS Physics Briefings

A simplifiedDM modelis considered
Á a DM candidateparticlemDM = 0.1 to 1 TeV,
Á a mediatormassrangefrom 2 to 5 TeV
Á anadditionallight ZΩbosonwith massin the range0.3 to 3 GeV. ThishypotheticalZΩ 

bosoncouplesto both the darksectorandthe SM particles. 

Upper limits on the DM x-section are set at the 95% CL, 
excluding 
Á mmedup to Ғ4250 GeV for a DM mass of Ғ100 GeV 
Á and up to Ғ3500 GeV for a DM mass of Ғ550 GeV 

for both the vector and axial vector mediator scenarios 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
https://cms.cern/news/dark-matter-and-pencil-jets-search-low-mass-z-boson-using-machine-learning


An all-round Boosted Chase for Supersymmetry
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The CMS collaboration expands the search for 
supersymmetry by exploring a wide variety of 
final states with boosted particles, in a new 

ŀƴŀƭȅǎƛǎ ŎŀƭƭŜŘ άǊŀȊƻǊ ōƻƻǎǘέ

CMS-SUS-23-014
CMS Physics Briefings

So far, the SUSY particles have not been found experimentally
Ý to thoroughly explore this theory, we search across a broad spectrum 

of final states, aiming to uncover any possible signs of SUSY

Á previous SUSY searches have explored boosted objects, but 
typically focused on very specific final states

Á this search takes a much broader approach and explores 
SUSY containing all kinds of boosted particles: boosted W, Z, 
and Higgs bosons, t-quarks

Á we explored SUSY final states containing both quarks and 
leptons that become spatially merged ςboosted leptonic jets 
(25 unique and statistically disjoint final states) 

Razor kinematic variables have been used for analysis

with global estimator

Ý for the R-parity conservingscenarios, gluinoand top squark
massesare excluded up to 2.25-2.35 TeVand up to 1.45 TeV.

Ý for the R-parity violatingscenarios, bottom squarkand gluino
massesare excludedup to 0.97 TeVand up to 1.82 TeV.


