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https://indico.ihep.ac.cn/event/9587/


CMS detectorand CMS collaboration
one of the largest science communities
5400 physicists, engineers, technicians, 
students and support staff

one of two large general-purpose
particle physicsdetectors(CMS/ATLAS) 
built for the CERN LHC
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First pionsfrom pp collisions

CMS 2009 preliminary

LHC, week 1
26 Nov 2009

CMS Ten Years of Physics: 2009 - 2019

Phys. Lett. B 716 
(2012) 30ς61

Discovery of the Higgs boson

First LHC paper using
Ŧǳƭƭ άwǳƴ-нέ dataset:
Observation of two excitedBc+ states 

Phys. Rev. Lett. 122, 132001  
Published 2 April 2019
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https://indico.cern.ch/event/74907/


The LHC has been pushing the limit

LHC design luminosity
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CMS has been keeping up with it: upgrades
ü In order to keep good physics performance, CMS has upgraded several subsystems:
V L1 trigger upgrade (Winter 2016)
V Pixel detector upgrade ςnew detector (Winter 2017)
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ü In order to keep good physics performance, CMS has upgraded several subsystems:
V L1 trigger upgrade (Winter 2016)
V Pixel detector upgrade ςnew detector (Winter 2017)
V Very-forward calorimeter electronics (Winter 2017)
V Hadron endcap calorimeter electronics (Winter 2018)
V Hadron barrel calorimeter electronics (now)
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CMS has been keeping up with it: upgrades



A lot of data and publications

άwǳƴ-нέ ǇǇ collision data at 13 TeV: 
150 fb-1 recorded >870 papers submitted

Exotica
Standard model
Higgs
Supersymmetry
Top physics
Heavy Ion
Beyond 2 Generations
B physics
Forward physics
Detector performance
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A lot of new results
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ü I will not be able to show all new CMS analyses since FCPPL2018 in Marseille
V So this is a selection of what I believe is more interesting 
V Personal bias ­ apologize if not showing the analyses you are interested in

ü Selected results on Higgs physics, Top and Electroweak physics, B physics, 
Searches for physics Beyond the Standard Model (BSM)

ü Full CMS results:

A selected list of physics topics
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Higgs physics, Top physics, 
Electroweak physics, B Physics, 
BSM
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Highlights in Higgs physics
üLHC is a Higgs factory

üMore than 30 Higgs analyses public since FCPPL2018

üSome Highlight results in Higgs (CMS alone)

VObservation of ttH production
VObservation of HҦtt
VObservation of HҦbb
VHҦZZ with ~full Run2 dataset

VA standard candle of SM, as all measured properties are consistent with a SM Higgs
VCouplings to 3d generation were established in the past 2 years
VSome production and decay modes still to be measured
VPrecision measurementsof Higgs mass, fiducial and total cross-section, differential cross-

sections with Run 2 data, across all discovery production and decay modes

11



◄◄╗ȟ╗­gg(2016+2017): 
4.1sobs. : see details 
from {ƛƧƛƴƎΩǎtalk later
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ü ttH production provides a direct 
probeof the coupling of the 
Higgs boson to top quarks

ü Rare process (~1% of total Higgs 
production)

ü Observed ttH (5.2sobs.) by 
combining bb/WW/tt/ZZ/gg

ü Evidencewas found in the multi-
leptonό²²κttκ½½ύfinal states : 
оΦнsobs.

ü And Evidenceis found in a single 
channel! (ttHᴼgg, 4.1sobs.)

2011 + 2012 + 2016 
: 5.2sobs.

!¢[!{ ŎƻƴŦƛǊƳŜŘ όέŎƻƴŎǳǊǎ ǿƛǘƘέύ ƻǳǊ 
observation [Phys. Lett. B 784 (2018) 173]

CMS-PAS-HIG-18-018

JHEP08 (2018) 066

ὸὸὌḊ
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Observation of ttH production

https://doi.org/10.1016/j.physletb.2018.07.035


Higgs-fermion /ƻǳǇƭƛƴƎ Υ IҦtt
üThe first observation of Higgs-fermion Yukawa coupling in 

LHC Run 1 with ATLAS+CMScombined (5.5̀ obs.)
üCMS measured in 4 channels (ⱲhⱲh, ‘Ⱳh, eⱲh, e‘)
ü 4.9̀ (obs.)/4.7̀ (exp.) in 2016 datasets, while 5.9̀ (both 

obs. and exp.) from 2016 + Run1 datasets :

Phys. Lett. B 779 (2018) 283ς316 

observation by CMS alone!

from 2016 + Run1 

18% precision 13



Observation of IҦbb
üLargest branching fraction (~58%), but was difficult to 

observe due to the large BG
üVH production most sensitive, inclusive H challenging 

(high multi-jet backgrounds, use boosted topologies)
üCombined with ttH, VBF and ggHproduction modes 
üObserved (7+8+13 TeV): 5.6(5.5)sobs. (exp.)

[LHC Higgs Cross Section Working Group]
CERNς2013ς004, arXiv:1307.1347 (2013)
CERNς2017ς002-M, arXiv:1610.07922 (2016)

Phys. Rev. Lett. 121 (2018) 121801

ü Z‎should be visible at HL-LHC
ü cc: Can only be measured at LC

20% precision
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http://dx.doi.org/10.1103/PhysRevLett.121.121801


CMS-PAS-SMP-19-001
HҦZZ with ~full Run2 dataset

137 fb-1
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üHiggs decays to ZZ using data from 
2016-2018, ~98% of LHC Run 2

üHiggs production & decay to ZZ

ÅLarge dataset allows now for 
studies of differential distributions

Good agreement 
with SM predictions



Higgs physics, Top physics, 
Electroweak physics, B Physics, 
BSM
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Precision top physics : rare processes

From Kirill Skovpen - Moriond EW 2019



Good agreement with NLO predictions

Study of ttV production
üSensitive to electroweak couplings of the top quark
ü Important background to ttH
ü ttW measured in dilepton SS (35.9fb-1, JHEP 08 

(2018) 011)
ü ttZ extracted from trilepton and 4-lepton (77.5fb-1)
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Differential cross section of ttZ shows precision 
comparable to that of NLO calculations

CMS-PAS-TOP-18-009

77.5 fb-1
9% precision

22% precision



Observation of tZq
ü Sensitive to anomalous WWZ triple-gauge and tZ

couplings

ü Signal : 3 isolated leptons and at least 2 jets(incl. 1 b-jet)
2-3 jets, with 1 b-tagged
> 3 jets, with 1 b-tagged
> 1 jets

ü Improved lepton identification (BDT) and optimized 
analysis strategyleads totZq observation

ü First observation of this process :  8.2(7.7) ̀ obs. (exp.)

Phys. Rev. Lett. 122, 
132003 (2019)
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77.4 fb-1



4-top production
ütttt : unobserved very rare process ( t̀ttt Ғ лΦлм pb)
ÅSensitive to top Yukawa coupling

üSearch in events with 2 same-ǎƛƎƴ ƻǊ җ о ƭŜǇǘƻƴǎ
ÅHighest-sensitivity search at the LHC, using 137 fb-1

of data

ÅUsed to set limit on Yukawa coupling, |y/ySM| < 1.7 
@ 95% CL

Approaching sensitivity to 4-top: 
obs.(exp.): 2.6 (2.7) s

CMS-PAS-TOP-18-003

Measured cross section 12.6+5.8
-5.2 fb 

(SM: 12.0+2.2
-2.5 fb) 
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137 fb-1



Higgs physics, Top physics, 
Electroweak physics, B Physics, 
BSM
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Electroweak physics

EWK Top Higgs
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Blossoming of higher-precision measurements (and theoretical predictions) with 
LHC data : 1) Vector bosons, plus (HF) jets, 2) Di (tri) bosons, 3) Vector Boson 
Fusion & scattering
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Multi-boson production

Backgrounds to Higgs and searches, 

sensitive to higher-order corrections. 

Tests of the the SM gauge structure. 

New 13 TeVresults in good agreement 
with SM.Inclusive di-boson cross section 
measurements dominated by systematic 
uncertainties, but we are now increasingly 
sensitive to rare processes, tri-bosons and 
vector boson scattering (VBS)
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VV production
ZZO ЉȟÃlean signature and 
background to HO τЉ. 
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First 13 TeVdibosoncross-
section measurement with 
full Run 2 dataset (137 fb-1 )

arXiv:1901.03428

Differential 
cross sections

sZZ= 17.1 
¤ 0.3(stat) 
¤ 0.4(syst) 
¤ 0.4(theo.) 
¤ 0.3(lumi) 
pb

WZO Љn, precision 
measurement of fiducial and 
differential cross sectionsto test 
higher-order effects. Sensitive to 
new physics.

4% precision
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Best limitson anomalous triple gauge couplings(aTGC)



aQGCin WW/WZ/ZZ VBS
CMS-PAS-SMP-18-006

95% C.L. limits on the couplings of the quartic operators S0,S1, M0, M1, M6, M7, T0, T1, and T2

WW/WZ/ZZ jj : 

Vone or two ҚΩǎ ŀƴŘ ŀ hadronicallydecaying W or Z
V two jets with large rapidity separation & high 

mass dijet system 
VSet stringent limits on aQGCsand the VBF 

production of singly and doubly charged Higgs 
bosons

limits on high 
mass (doubly) 
charged Higgs
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Triboson production : WWW

Higgs-mediated process

same-sign 2ǎwith at least 2 jets or σǎ: 
0.60 (1.78)s obs. (exp.) 

Production through trilinear and quartic coupling

First analysis of 
photophobic 
axion-like particle

VVV production is a rare process, sensitive to new 
physics(e.g. high mass scalars) 

WWWproduced through trilinear andquartic couplings
Production mode includes Higgs-mediatedprocess
Search for WWW by CMS with 36 fb-1
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CMS-PAS-SMP-17-013



Higgs physics, Top physics, 
Electroweak physics, B Physics, 
BSM
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Observation of two excited Bc
+ states and measurement 

of the Bc
+(2S) mass Phys. Rev. Lett. 122, 132001 (2019)

7629 ¤ 225 Bc
+ candidates

~34 MeV mass resolution
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143 fb-1



First publication using the full Run 2 dataset!

Mass distribution fitted with Gaussian functions for the 
peaks and a 3rd order Chebyshevpolynomial for the 
background

Mass resolution agrees with MC expectations ~ 6 MeV

Two-peak structure observed (well resolved) :

ɲM = 29.0 ¤ 1.5 (stat) ¤ 0.7 (syst) MeV

Local significances of two peaks ŜȄŎŜŜŘƛƴƎ рˋ

Mass of Bc(2S) measured to be:

M(Bc(2S)) = 6871.0 ¤ 1.2 (stat) ¤ 0.8 
(syst) ¤ 0.8 (Bc

+) MeV

Observation of two excited Bc
+ states and measurement 

of the Bc
+(2S) mass (cont.) 143 fb-1
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Result recently confirmed by LHCb

Phys. Rev. Lett. 122, 132001 (2019)

https://arxiv.org/pdf/1904.00081.pdf


Higgs physics, Top physics, 
Electroweak physics, B Physics, 
BSM
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bƻ ŘƛǎŎƻǾŜǊȅ ǎƻ ŦŀǊΧ
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EXO SUSY

B2G

LLP

ü A lot of Searchesfrom Supersymmetry, Exotica andBeyond 
2 Generations: resonances to heavy quarks and dibosons, 
gluinos, squarks, EWK gauginos, heavy Gauge bosons, HExo, 
leptoquarks, vector-like quarks, excited fermions, extra 
dimensions, long-lived particles, dark matter, Χ

ü No discovery so far

http://cms-results.web.cern.ch/cms-results/public-results/publications/



Resonance searches

CMS-PAS-EXO-16-047 CMS-PAS-EXO-18-006

CMS-PAS-EXO-17-026

CMS-PAS-B2G-17-017

Phys. Rev. D 98 (2018) 092001

JHEP 06 (2018) 128
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