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 Discovery and Studies of the Higgs Boson 
 

 Standard Model Physics 

 Vector Bosons & Jets 

 Forward and Small-x QCD Physics 

 B Physics and Quarkonia  

 Top Physics   
 

 Physics Beyond the Standard Model 

 Supersymmetry 

 Exotica, i.e. Physics beyond  

   SM/SUSY/Higgs  
 

 Heavy Ion 

 

CMS Public Physics Results  

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

 OUTLINE 

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


Total weight                   12 500 t 

Overall diameter            15.00 m 

Overall length                21.6 m 

Magnetic field                3.8 Tesla 

Large general-purpose particle physics detector 

Compact Muon Solenoid 

Detector subsystems are designed  

to measure: the energy and momentum of 

photons, electrons, muons, jets, missing ET 

up to a few TeV 
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CERN Document Server 

 http://cdsweb.cern.ch/collection/CMS%20Papers?ln=en  

In 2010-2013 the CMS Collaboration published 262 papers on collision data 

(J. High Energy Phys, Phys. Rev. Lett., Phys. Lett. B, Eur. Phys. J. etc) 

 

CMS Publications 

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 



Discovery and Studies  
of the Higgs Boson 
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CMS Higgs Public Physics Results  

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

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


SM Higgs Production   
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Signature explored at CMS 
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Higgs History: Discovery of New Boson 

CMS Higgs searches in 2011-2012 led to new boson 

discovery with a mass of 125.3  0.4 (stat.)  0.5 (syst.) GeV  

Local significance of excess  

( and ZZ) is 5.0  
 

/SM = 0.87  0.23 

 γγ: 4,1  (spin  1) 
 

 ZZ: 3,2   
 

 WW: 1,5   
 

 bb and ττ: no excess is 

observed 

Higgs Seminar at  

CERN - 4 July 2012  
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Higgs History: That’s it 
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H   
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CMS-HIG-13-001 

3.2  (4.2   exp.) 

mH =  125.4  0.5 (stat.)  0.6 (syst.) GeV  

 Narrow peak from 2 high 

energy isolated photons 

 

 Excellent resolution:  

 1% in m spectra 
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H  ZZ*  4l 
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CMS-HIG-13-002 

7.1  (6.7   exp.) 

/SM = 0.92  0.28 

 2 high-mass pairs of  opposite-sign isolated leptons 

(electrons or muons) coming from primary vertex 

 Good resolution:  1-2% in mass spectra 

 Background 

• ZZ (reducible) 

• WZ, Z+jets, Zbbar, ttbar (reducible) 

 Small Branching (~10-3 @125 GeV) 
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H  ZZ*  4l (MELA) 
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CMS-HIG-13-002 

KD > 0.5 

KD (Kinematic Discriminator) is  

Matrix Element  Likelihood Analysis: uses kinematic 

inputs for signal to  background discrimination  

(m1, m2, 1, 2, 1, 2) 

Signal Background 
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H  WW* 

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 

WW* signature  
• 2 High pt isolated leptons  
•  Large momentum imbalance 
•  no mass peak reconstruction 

CMS-HIG-13-003 

VBF signature  
• 2 high-pT jets in forward directions + rapidity gap 
•  Large momentum imbalance 

4.0  (5.1   exp.) 
/SM = 0.76  0.21 

CMS-HIG-13-022 

ggH  qqH  

1.3  (2.1   exp.) 
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H   (coupling to fermions) 
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2.9 signal (exp. 2.6) 

@ 125 GeV  = 1.1  0.4 

CMS-HIG-13-004 
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H  bb (coupling to fermions) 
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CMS-HIG-13-012 

from D. de la Cruz’s talk 
2.1 signal (exp. 2.1 )  

@ 125 GeV 
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Higgs Signal Summary 
CMS-HIG-13-005 
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Higgs Properties: Mass and Signal Strength 

To measure the mass the ZZ  2l and  channels that have  

excellent mass resolution have been used… 
…and 5 channels for the 

signal strength   

 = 0.80  0.14 @ mH=125.7 GeV 

Compatible with SM! 

CMS-HIG-13-005 
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Higgs Properties: Couplings 

68 % C.L. 

95 % C.L. 

99.7 % C.L. 

 

SM 

CMS-HIG-13-005 

The data are compatible 

with the expectations for 

the SM Higgs bosons 

Fermiofobic Higgs 

exluded @ 126 GeV 
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Higgs Properties: Spin and Parity 

CLs(0-/0+)=0.16% 

ZZ  2l 

  

CLs(2+/0+)=1.5% 

WW*ll  
CLs(2+/0+)=14% 

CMS-HIG-13-016 
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Other Higgs Channels 

Search for high mass Higgs (Higgs  

doublets, other Higgs-like resonances etc) CMS-HIG-13-014 

95% CL limits on SM Higgs set 

WW: 128 < m < 600 GeV (115-575 exp.) 

ZZ: 200 < m < 1000 GeV (200-950 exp.) 

Search for invisible Higgs ( 4, in LSP, EDs) 

CMS-HIG-13-018, 

013, 028 

Combining ZH ( ll) and VBF, 

 95% CL limit on BR(Hinv) is 54%  

(46% exp.) 

Search for Higgs   (MSSM) 

BR is too small (~2.2 x 10-4) 

Recent data: ~4xSM sensitivity on strength  

Search for SUSY Higgs 

No evidence of BSM 

Higgs boson  



Standard Model Physics 
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CMS Standard Model Public Physics Results  

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

CMS Forward and Small-x QCD Physics Public Physics Results  

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

CMS B Physics and Quarkonia Physics Public Physics Results  

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

CMS Top Physics Public Physics Results  

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

talk by  

A. Proskuryakov 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP


Charged Particle 

The first CMS results @ 7 TeV were published in June of 2010  

(arXiv:1005.3299v1, PRL) 

Particle density grows with energy (from 0.9 to 7 TeV) faster than  

it is expected. 

 

 

MC fine tunning 
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Particle Correlations: ridge-effect 

That particles in some pairs at large Δη are receding from each other 

at close to the speed of light, but are oriented along the same  

φ angle – as if the particles were somehow associated together when 

they were created at the point of collision  

Study the correlation 

between two charged 

particles in the angles φ 

(transverse): Δφ and θ 

(longitudinal): Δθ 

A new phenomenon 

in  the ‘stronge force’? 

• Multiple interactions? 

• C-glass condensates 

• Hydrodynamic models? 

JHEP 1009 (2010) 091  
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 EWK Measurements 
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Good understanding of the detectors 

and accurate theory predictions 

 precise measurements of SM  

    processes 

 background to Higgs and BSM  

    analyses 

talk by I.Gorbunov 
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LHC is t-Factory 

Single production 
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Agreement  

~5% of NNLO  

Precision on the mass  
now better than 1% 
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for details see talk by  

N. Tsirova 



The results are in a good agreement with 

NLO calculations up to 2 TeV jets 

CMS-PAS-SMP-12-012 

Jet Physics 
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Multijet Events 

Good agreement with SM for  

HT  of  0.5 up to 3 TeV 

 

3-jet to 2-jet Cross Section Ratios  

Mjj = 420 - 1390 GeV,  

pT > 150 GeV 

arXiv:1304.7498 27 Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 



Evidence for EWK VBF Process 

from A. De Roeck’s talk 

28 Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 



BS  
PRL 111 (2013) 101804 
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Quest for many year to find a signal BSM 

SM: 3.560.30)10-9 



Highlights of Supersymmetry  
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CMS Supersymmetry Public Physics Results  

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

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


Stop Searches 

SUS-13-011, SUS-13-004 
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The combinations of stop and 

neutralino masses inside the contours 

are excluded by the experimental 

results.  

 

 

The red contour assumes that the stop 

decays to a top quark and a neutralino, 

the blue contour assumes that the stop 

decays to a bottom quark and a 

chargino. 



Gluino Searches 

SUS-12-024, SUS-12-028, US-13-004 

SUS-12-024, SUS-12-028, SUS-13-004, 

SUS-13-007, SUS-12-026, SUS-13-008, 

SUS-13-013 
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Supersymmetry Summary (95% C.L.)  
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Exotica 
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for other details see talk by Alexander Lanyov 
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 Heavy Resonances and Non-Resonant Signals (extended gauge models,  

    extra dimensions, technicolor)  dileptons, dijets, diphotons, ttbar, WZ 

 Mono-particle + Missing ET (extended gauge models, extra  

    dimensions, technicolor)  mono-jet + MET, mono-photon + MET,  

    mono-lepton + MET  

 Black Holes (extra dimensions)  high-multiplicity events 

 Leptoquarks 
 

 4th Generation  lepton + jet, dilepton 
 

CMS Exotica Public Physics Results  

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

CMS Beyond-two-generations (B2G) Public Physics Results  

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G   
 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G


Heavy Resonances 
  Extra gauge bosons predicted by extended gauge models (left-right 

symmetric models and GUT-inspired  models) 

   Kaluza-Klein graviton excitations arising in extra dimensions models with 

curved bulk space (Randall-Sundrum model) 

 Small extra spatial dimensions, Curved  

    bulk space (AdS5 - slice) 

 Well separated  graviton mass spectrum 
 

 Kaluza-Klein excitations of SM gauge  

    bosons in large flat extra-dimensions (TeV-1 Models)  

 Bosons could also propagate in the bulk 

 Fermions are localized at the same (opposite) orbifold point: destructive  

   (constructive) interference between SM gauge bosons and KK excitations  

 Technicolor 

Signals: di-leptons/di-jets/di-photons resonance states in high (~TeV) invariant mass 

range  new particles would be observed as a bump, excess in the mass spectrum 
 

Excellent momentum and energy resolutions are required !!  
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Dileptons: Spectra 

CMS PAS EXO-12-061 

New Physics (Z/ZKK/GKK) contributions to  
SM processes: 

 llqq  llgg

M  = 1.824 TeV 
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Dileptons: Limits 

A Z’ with standard-model-like couplings can be excluded below 2950 GeV, the 

superstring-inspired Z’ below 2600 GeV,  and RS Kaluza–Klein gravitons below 

2030  (2390) GeV for couplings of 0.05 (0.10) 

CMS PAS EXO-12-061 

Phys.Lett. B720 (2013) 63   

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 37 



Diphotons 

 

RS Kaluza–Klein gravitons below 

Phys.Rev.Lett. 108 (2013) 111801 
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Dijets 

CMS PAS EXO-13-059 
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ttbar 

0.2 x SM limits on (Z ttbar in 

the all-hadronic channel) for Z 

heavier than 1 TeV 

arXiv: 1309.2030 
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Di-boson Resonances 
EXO-12-021, EXO-12-022 

ZZ: mass limit for RS graviton is 710 GeV  

       for c = 0.5  

 

WW: graviton production x-section upper limit is 

70 fb for mass  from 0.8 TeV up to 2.5 TeV 

 

WZ: SSM W’ mass limit is 1.143 TeV @ 7 TeV 

  (PRL 109 (2012) 141801) 
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(Lepton-Lepton) + (Jet-Jet) Resonance 

WR and heavy neutrino from LR models 

CMS PAS EXO-12-017 

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 42 



Non-Resonant Signals 

  ADD-graviton contribution in the SM processes (Drell-Yan,   

    diphotons productions) 

 

 

 

 

 

 

 Compositeness 

 
 

Signals:  excess in di-particle spectrum 

 

 llqq  llgg

d=2 

d=4 

SM 
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Exclusion Limits for ADD 

Dimuons  Diphotons  

for details see talk  

by Maria Savina 

CMS PAS EXO-12-027,  

12-031 
PRL 108 (2012) 111801 

The effective Planck scale 

less than 2.3-2.8 TeV is 

excluded 
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Mono-Particle + MET 

  Extra gauge bosons (W) predicted by extended gauge  

    models (left-right symmetric models and GUT-inspired      

    models)  

 

  Kaluza-Klein graviton emission in large 

    flat extra-dimensions (ADD model) 

 

  Technicolor  
 

 

Signals:  lepton + MET, photon +MET, jet +MET 
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Lepton + MET 

Signature is W-like at high mas  

Background is SM W production! 

 

W’ with SM-like coupling is exluded with MW’ = 

3.35 TeV 

CMS PAS EXO-12-060 
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Jet + MET 
CMS PAS EXO-12-048 
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Multiparticle Events 

  Black Holes 

 

  Leptoquarks 

 

  etc  
 

 

Signals:   jets + leptons + 

 photons + MET 
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Black Holes 

CMS set limits on the 

minimum BH mass of 4.4-5.8 TeV 

for details see talk by M. Savina 

JHEP07(2013)178 
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Leptoquarks 

ST is the sum of the magnitudes of the pT 

of the two leading electrons and two 

leading jets. 

 

A 95% C.L. lower limit is set on the mass 

of a first-generation scalar leptoquark at 

1070 (785) GeV for  = 1 (0.5) 

EXO-12-042 
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CMS Exotica Summary (95% C.L.)  

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 51 



Heavy Ion (PbPb) @ 2.76 TeV/nuclon 
and 

pPb @ 5.02 TeV/nuclon 
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CMS Heavy Iona Public Physics Results  

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

for details see talk by I. Lokhtin 

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


PbPb Highlights 

for central case dNch/d  1600 (2.2 higher than @ RHIC) 

 suppression 

Υ(2S)/Υ(1S)PbPb/ Υ(2S)/Υ(1S)pp  

=  0.21  0.07  0.02 

Jet Quenching 
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PLB 712 (2012) 176v 

PLB 109 (2012) 222301 



pPb Highlights 
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Quarkonia 

suppression 

Ridge-effect 

PLB 718 (2013) 795 

JHEP 07 (2011) 076 

JHEP 09 (2010) 091 



 

 Being based on excellent detector performance 
 TeV leptons, photons, jets 

 Mono-particle + associated missing energy 

 Complex signatures 

CMS discovered a new boson 
 

 CMS has performed studies of the discovered boson in many 

different channels  SM Higgs Boson (2013) 

 

 CMS explored the Standard Model in many channels with 

high precision and set new limits on New Physics (SUSY, 

Exotica) 

 

  The collaboration is preparing for RUN2 @ 13 TeV, starting in 

2015 (~100 fb-1 for ~2016) 
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Conclusions 



CMS Talks @ This Conference 

 

1. Alexander Proskuryakov “Difraction at CMS” 
 

2. Alexander Lanyov “Recent CMS Results of Searches for 

Physics Beyond Standard Model” 
 

3. Maria Savina “Search for KK-states of graviton and 

microscopic black holes with the CMS detector at the LHC” 
 

4. Ilya Gorbunov “Study of Drell-Yan processes with CMS” 
 

5. Natalia Tsirova “Single top quark studies with CMS” 
 

6. Sergei Shulga “Particle multiplicity in jets at CMS” 
 

7. Igor Lokhtin “Heavy Ion Physics at the LHC with CMS ”  

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 56 



 

Thank you for your 

attention 
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Highest Dilepton Mass at CMS 

Dielectron, M = 1.776 TeV Dimuon, M = 1.824 TeV 

CMS PAS EXO-12-061 
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Leptoquarks 
An LQ carries color, has fractional electric charge, can have spin 0 or spin 1, and 

couples to a lepton and a quark with coupling strength β! 
 

An LQ would decay to a charged lepton and a quark, with an unknown 

branching fraction λ, or a neutrino and a quark, with branching fraction 1- β 

Sergei Shmatov, Overview of physics results from CMS,  NPD RAS Conference 2013, Protvino 60 



Tracker Performance 



Calorimeter Performance 


