
Recent Physics Results from CMS
John Strologas

University of Ioannina
(For the CMS Collaboration)

XIII International Conference
on New Frontiers in Physics

Kolymbari, Aug 30, 2024



The LHC (with CMS)
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• Run2 total recorded luminosity: 138 fb-1 (Run3 so far: 142 fb-1)
• Unless otherwise noted, the presented analyses are Run2 with total 

recorded luminosity



The CMS detector
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• 3.8 T magnet
• Silicon pixel + strip tracker
• Lead/Tungstate EM 

calorimeter
• Brass/Scintillator Had 

calorimeter
• Muon system embedded in 

return yoke
• Tungsten/quartz forward 

calorimeter



Outline of this talk
• We present all new post-ICHEP CMS results
• They were all released last 30 days 

• Covering a variety of physics
• Lepton Flavor Violation
• Dineutrino measurement in top pairs
• SUSY searches in dileptons+MET
• Phenomenological MSSM interpretation of CMS results
• Search of Dark matter associated to Higgs to taus
• Search for HHWW couplings in Vector-Boson Scattering WWH 
• Search for t-channel leptoquarks
• Search for Rare Charm Decay into 2 muons
• Study of  Small-Angle Emissions in charm jets
• Energy-Energy Correlations in PbPb and pp collisions
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Charged-Lepton Flavor Violation
in tuμτ interactions

• 138 fb-1, single-muon triggers, pt>24-27

• Exactly 1 isolated muon pT>50 GeV and 
exactly 1 hadronic tau with pT>40 GeV
with opposite charge and ΔR>0.4 away

• VETO on additional leptons

• ≥3 jets, 1 b-tagged
• Main backgrounds: t-tbar (to l+jets

and dileptons) and single top (much lower)

• Jet → τh fake rates are determined 
with the ABCD method and applied on all MC

• Top and hadronic W are reconstructed from
chi-squared constructed from bjj and jj masses

• Deep NN with score 10% P(ttbar CLFV) and 
90% P(single-top SLFV) divided by P(background)

• Data NN score is fitted to signal and background 
scores and limits on Wilson coefficients for 
CLFV are set
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CMS-PAS-TOP-22-011

pT of muon, tau,

leading and 

Subleading jet



Charged-Lepton Flavor Violation
in tuμτ interactions (2)
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Top and W
reconstruction

Fit of DNN 
score

BR limits for 
3 kind of operators

Wilson coefficient limits
3 kind of operators

MOST STRIGENT RESULTS TO DATE



Measurement of dineutrino system in 
t-tbar production
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• 138 fb-1, single-lepton and dilepton triggers
• Signal: Top pairs to dileptons
• Opposite charge ee, μμ, eμ pairs with 

pT>25, 20 GeV and |η|<2.4
• VETO on additional leptons with pT>15 GeV

• mll>20 GeV and 15 GeV away from Z boson mass
• ≥2 jets (pT>30 GeV, |η|<2.4), 1 b-tagged
• Main backgrounds: t-tbar to lepton+jets (or taus),

single top, DY+jets, Diboson, t-tbar+W/Z, W+jets

• Observables: !"#$%% and &'([*+ !"#$%%, - ]
• In one dimension but also 2-dimensional

• Resolution of !"#$%% improved with a Deep Neural 
Network

• Good agreement between observation and SM expectation
• Extraction of differential cross sections as a function of 
!"#$%% and #$/[01 !"#$%%, 2 ] requiring at least 2 b-jets
• First, backgrounds are removed from data and then spectra are 

unfolded 

SM top pair SUSY stop pair

CMS-PAS-TOP-24-001



Measurement of dineutrino system in 
t-tbar production (2)
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1D comparisons: Best prediction from Powheg+Pythia
2D comparisons: Best prediction from NNLO pQCD



SUSY searches in OS dilepton + !"#$%%
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• 138 fb-1, single-lepton and dilepton triggers

• BSM signal: chargino-neutrlino or slepton production

• Opposite charge ee, μμ, eμ pairs with 
pT>25, 20 GeV and |η|<2.4
• VETO on additional leptons with pT>10 GeV

• mll>20 GeV and 15 GeV away from Z boson mass

• &'()**>160 GeV

• Main backgrounds: t-tbar, tW, WW

• Observable:

• Presents end point at the W mass only for backgrounds

• Further subdivisions of data based on bins of &'()**, 
Same-Flavor/Different-Flavor, b-veto or jet-veto 

• Good agreement between observation and SM 
backgrounds in Control Regions

• Simultaneous fit of mT2 in Signal and Control Regions

CMS-PAS-SUS-23-002
+,- < &'()**<220 GeV

NO JETS
+,- < &'()**<220 GeV

NO b-tag

/0- < &'()**<380 GeV &'()** > 20- GeV



SUSY searches in OS dilepton + !"#$%% (2)
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Chargino-pair limits
limits, chargino to slepton

Chargino-pair limits
chargino to W+neutralino Slepton-pair limits



Search for Dark Matter in association  
with Higgs → τ+τ
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• 101 fb-1 (for the Z’ study 138 fb-1)

• Signature: Two taus (at least one hadronic) + !"#$%%
• Single-electron and electron+tau triggers for eτh, single-muon 

trigger for μτh, and tau-tau trigger for τhτh

• Final objects have opposite charge and are ΔR>0.5 away

• e, μ (>25, 29 GeV) are isolated and their channel has τh above 30 
GeV, b-jet veto and additional- lepton veto with pT > 10 GeV

• In τητh channel the pT are above 55 and 45 GeV and the pT of they 
ditau system above 65 GeV

• All channels: &'()**>105 GeV, visible ditau pT below 125 GeV, total 
transverse mass above 100 GeV and ΔR(τ,τ)<2

• Main backgrounds: faked taus in {W+jets, multijet, ttbar}
• Fake factor determination, validated in control regions

• Observable: Total Transverse mass (>100 GeV to reduce DY)

• Signal is extracted with simultaneous fits in all 3 signal regions CMS-PAS-SUS-23-012

CMS-PAS-SUS-23-012



Search for Dark Matter in association  
with Higgs → τ+τ (2)

8/30/24 John Strologas, ICNFP-XIII, Kolymbari 12

mZ’ >1050 GeV
at 95% CL
(1150 GeV expected)



Phenomenological MSSM interpretation of 
CMS searches
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• 138 fb-1

• pMSMS with 19 parameters

• Scan of the parameter space with 600 Markov chains, about 40k 
pMSSM points each à 24 million pMSSM points
• 500k points were randomly chosen for the studies

Analyses used:

• Soft Opposite Sign Λepton : low pT (<30 GeV), dileptons or trileptons, 
bins of !"#$%% and dilepton mass (CMS-SUS-18-004)

• !"#$%% + jets : 0 leptons, !"#$%%>300 Gev, bins of jet and b-tag 
multiplicity (CMS-SUS-19-006)

• Same-flavor opposite sign : two isolated SFOS leptons with pT>30 GeV 
(CMS-SUS-20-001)

• Disappearing tracks : Search for SUSY with decay length of the size of 
the CMS detector (CMS-SUS-21-006)

• Single lepton ΔΦ: azimuthal angle difference between W and isolated 
lepton >30 GeV (CMS-SUS-21-007)

• Bayesian method to reject or accept a model : Survival probabilities: 
Fraction of models that survive CMS constraints

• Greater impact of CMS for more constraint priors (due to direct dark 
matter searches or due to naturaleness) 

Natural
DM
Subset
(fine
tuning
less 
than
1/200)

DM constraints

CMS-PAS-SUS-24-004
Relic
density
<1.1 of 
Planck 
measur.
+ limits
from 
direct
searches



Search for HHWW couplings in the VBS
production of WWH, Hà bb
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• 138 fb-1, single-lepton and dilepton triggers

• Signal: WWH+jj
• Two same-sign leptons (ee, eμ, μμ, eτh, μτh) with 

pT>30 GeV and |η|<2.5.
• VETO on additional leptons (suppresses HHZZ)

• Two forward anti-Kt jets with R=0.4, mjj> 500 GeV, 
|Δηjj|>3

• One fat jet with anti-Kt jets with R=0.8, ΔR=0.8 away 
from leptons (ΝΝ probability it originates from two 
b jets > 90%)

• Main backgrounds: t-tbar to lepton+jets or dileptons 
(minor ttbar+W/Z, single top, V/VV/VVV+jets)

• Observables: mjj and |Δηjj|

• Boosted decision tree separates signal from background 
(output fitted in Signal and Control Regions

• Good agreement between observation and SM 
expectation, limit on κVV coupling modifier

CMS-PAS-HIG-24-001



Search for HHWW couplings in the VBS
production of WWH, Hà bb (2)
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At 95% kWW is in  [-3.3, 5.3](expected [-2.4, 4.4])



Search for t-channel scalar and vector 
leptoquarks in high-mass ee & μμ
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• 138 fb-1, single-electron and single-muon triggers

• Scalar and Vector leptoquarks are considered (t-channel 
is more sensitive to high masses and couplings) –
lepton couplings to u and d

• Two opposite-sign, same flavor leptons (ee, μμ) with 
pT>40, 15 GeV and |η|<2.5 (2.4 for muons), mll>500 
GeV

• Observables: mll , yll, cos(θ) [angle between incoming 
parton and lepton in Collins-Soper frame]

• Main backgrounds: DY (~85%), t-tbar to dileptons 
(~10%), diboson (~5%), fakes (~0.5%)

• LQ signal and DY background templates of the 
differential cross section are constructed from DY MC
• Free parameters are two angular coefficients of SM Z and two 

couplings (pure and interference) for LQ (separately for scalar and 
vector)

• Good agreement between observation and SM 
expectation, limit on scalar/vector couplinds e/μ to u/d

CMS-PAS-EXO-22-013



Search for t-channel scalar and vector 
leptoquarks in high-mass ee & μμ (2)
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Scalar e-u Scalar e-d

Vector e-u
Vector e-d

For equal coupling values, the vector LQ production
cross section is higher thus limits better

Best limits for LQ masses up to 5 TeV and first
limits on LQ couplings to 1st and 2nd generation
fermions



Search for rare Charm decays to μμ
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• 64.5 fb-1, 13.6 ΤeV, new very low pT dimuon triggers
• ≥ 2 and 3 GeV

• Most previous studies probed b à s and sà d. Here we 
probe c à u

• Signal: D*+ à D0 π+, D0 à μ μ
• Observables: m(D0) and Δm = m(D*+) – m(D0)
• Measurement of branching ratio with respect to 

D0 à π π to reduce uncertainties, Μultivariate analysis

• Backgrounds on signal : (D*+ à D0 π+, D0 à π π à μ μ),
(D*, D0àπμν),  combinatorics

• Backgrounds on normalization sample : (D*+ à D0 π+, 
D0 à K π), (non D*, D0àππ or Κπ),  combinatorics

• 2D fit is used to extract limit

After
MVA

After
fit

CMS-PAS-BPH-23-008



Small-angle emissions in prompt D0 jets
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• 301 pb-1, 5.02 ΤeV, single calorimetry jet triggers (>60 and 
>80 GeV)

• Study charm jet substructure and small-angle emission effects 
in parton showering

• Two grooming algorithms: ”late-kT” which is sensitive to hard 
charm. And modified soft-drop that is sensitive to charm 
from gluon splitting

• Jets are clustered with R=0.2 and have 100<pT<120 GeV

• D0 is reconstructed from Κπ decays, ΔR<0.2 from jet radius, 
with pT> 4 GeV to reduce combinatoric background
• Out of 2M jets with 100<pT<120 GeV, about 25K have a D0 in them

• Unfolding to particle level with Pythia, by matching particle-
level jets with charm to detector-level jets with D0

• Non-prompt D0 is removed using distance of closest 
approach significance. 

• The angle between the harder and softer subjets are reported 
using the two grooming algorithms
• 2-D simultaneous unfolding of jet pT and splitting angle

“late-kT” “modified softdrop”

CMS-PAS-HIN-24-007



Energy-energy correlations from PbPb
and pp collisions at 5.02 TeV
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• 5.02 ΤeV, 1.70 nb-1 for PbPb and 302 pb-1 for pp, single 
calorimetry jet triggers (>60,  >80 GeV and >100 GeV)

• Study 2-point energy-energy correlations in jets, in bins of 
centrality and pT.

• Jets are reconstructed with R=0.4, |η|< 1.6
• Εnergy-Energy Correlations are defined as 

(Wpairs is the weighted number of pairs of tracks in jet – Results 
presented for n=1,2 and for !"#$>1 or 2 GeV
• Signal: tracks that come from fragmentation or jet-medium 

interactions.  Background: other tracks, e.g., from underlying 
event

• Unfolding to particle level to remove jet pT migrations.  
Background removed after the unfolding

• EEC results show clearly the free-hadron region, the transition 
region and the quark-gluon region

• Ratios between PbPb and pp results show the effect of quark 
–gluon plasma à The PbPb transition peak is shifted 
compared to pp collisions to lower values of Δr

CMS-PAS-HIN-23-004

Red: n=1
Blue: n=2



Energy-energy correlations from PbPb
and pp collisions at 5.02 TeV (2)
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PbPb/pp ratios reveal effect of interaction with 
nuclear medium

Comparisons with MC simulations



Conclusions
• We presented the most recent CMS Physics Results

• All of them became public within about a month

• All results, including the recent publications can be found at the 
public physics results web page
• https://cms.cern/org/cms-scientific-results

• We are excited about Run3 of the LHC !!!
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https://cms.cern/org/cms-scientific-results


BACK UP
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Charged-Lepton Flavor Violation
in tuμτ interactions
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τ tight

τ loose
but not tight

OS  μ, τ SS  μ, τ

D

C A

B
!"#$%&" =

!(!)
!*



Measurement of dineutrino system in 
t-tbar production
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Improvement in 
pT

miss resolution



SUSY searches in OS dilepton + !"#$%%
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Search for HHWW couplings in the VBS
production of WWH, Hà bb 
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Search for t-channel scalar and vector 
leptoquarks in high-mass ee & μμ
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SCALAR LQ

VECTOR LQ


