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Outline 
ÅObservation of a new state with mass of 125.3õ0.6 

GeV 

ï5.0 s excess observed, 5.8 s expected. 

ïConsistent with SM prediction 

ÅMore data and more studies needed to draw final conclusions 

ïHIG-12-028, arXiV:1207.735, Phys. Lett. B 716 (2012) 30-61 

ÅThe CMS experiment at LHC and data taking in 2012 

ÅSM Higgs boson search 

ïDecay  modes with high mass resolution 

ïDecay modes with low mass resolution 

ÅResults and combination of the searches 

ÅConclusions 
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CMS: a simple and elegant concept 

Fast detectors: 25-50ns bunch crossing 

High granularity: 20-40 overlapping complex events 

High radiation resistance: >10 years of operation 

s(pT)/pT<1% @ 100GeV 

s(pT)/pT<10%@1 TeV 

s(ET)/ET~ 100%/Õ (ET) [GeV] Ä5%  s(E)/E ~ 3%/Õ(E) [GeV] Ä0.3%  

s(pT)/pT~15% at 1TeV 

Neutrinos òmeasuredòthrough  missing 

transverse energy (ET
miss) in calorimeters. 
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The CMS Detector 

3.8T Solenoid 

ECAL 76k scintillating  

PbWO4 crystals 

HCAL Scintillator/brass 

Interleaved ~7k ch 

Å Pixels (100x150 mm2)  
    ~ 1 m2 ~66M ch 
ÅSi Strips (80-180 mm) 
   ~200 m2 ~9.6M ch 

Pixels & Tracker 

MUON BARREL 
250 Drift Tubes (DT) and 

480 Resistive Plate Chambers (RPC) 

473 Cathode Strip Chambers (CSC) 

432 Resistive Plate Chambers (RPC) 

 

MUON 
ENDCAPS 

Total weight         14000 t 
Overall diameter   15 m 
Overall length       28.7 m 

IRON YOKE 

Preshower 
Si Strips ~16 m2 

~137k ch 

 

Foward Cal 
Steel + quartz 

Fibers ~2k ch 

 

4 
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The CMS detector 
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41 Countries and 179 institutes ~3000 Authors including ~2200 

PhDôs and ~800 PhD students 6 



Detector operations in 2010-11-12 
Excellent performance over the three years.  

Data taking efficiency always higher than 91% 

2010  

e >92% 

2011 

e >91% 

 

2012 

e >93.5% 

 

Record efficiency achieved in 2012 despite the most challenging condition:  

Instantaneous luminosity higher than 7.5x1033 cm -2s-1 

Typical yields of physics quality data: 90-95% of the recorded data. 
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LHC: going strong 

8 

Record lumi: 7.5 Hz/cm2 
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The challenge of 2012: 8 TeV and high pile-up.  
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Event from special high pu run: 
έή ÒÅÃÏÎÓÔÒÕÃÔÅÄ ÖÅÒÔÉÃÅÓ ÁÎÄ Ψ ÍÕÏÎÓȣ 



The challenge of 2012: 8 TeV and high pile-up.  
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Particle Flow (global event description) 
Å Rely on high granularity of CMS detector to identify and reconstruct 

each individual particle in the event in an optimal way. 
 
 

 
 
 
 
 
 

Å Allows tagging of charged particles from pile-up: minimize impact of 
PU on jet reconstruction, and lepton or photon isolation. 
ïCharged particles well separated in large tracker volume and 3.8 T magnetic 

field 
ïExcellent tracking, able to go to down to very low momenta (~100 MeV) 
ïGranular electromagnetic calorimeter with excellent energy resolution 
ï In multi-jet events, only 10% of the energy goes to neutral (stable) hadrons 

(~60% charged, ~30% neutral electromagnetic) 
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Electron/photon reconstruction and identification 

Golden electrons  

ECAL Barrel (EB) 

ÁCluster reconstruction in ECAL Common for both electrons & photons. 
Designed to collect bremsstrahlung and conversions in an extended phi region. 
Energy spread in f due to brems (ET>4 GeV) 

ÁDedicated track reconstruction for electrons Gaussian Sum Filter allows 
for tracks with large curvature due to  brems and enables hit collection up to 
ECAL; ECAL-seeded reconstruction complemented by a tracker-seeded 
reconstruction to gain efficiency at low pT   

ÁEnergy scale and resolution 
ÁExtensive control at the Z peak (and at the J/ɣČee for low  pT electrons) 
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Electron reconstruction and identification 
Å Multivariate electron identification in 2012 

ï ECAL, tracker, ECAL-tracker-HCAL 
matching and impact parameter (IP) 
observables 

Å Background from data samples  

ï W+jet for training  

ï Z+jet for testing 

Å Performance  

ï 30% efficiency improvement in H-
>ZZ->4e wrt cut based ID 

Å Efficiencies  

ï Via tag-and-probe at the Z->ee peak 

 

 

 

ECAL variable  

ůɖɖ in EB  

pT<20 GeV 

Tracker variable 

fbrem in (EE)  

pT < 20 GeV 

Z­ee T&P 

EB ID 

efficiency   

Cut Based vs MVA 

ID 

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo 13 



Photon Energy Corrections, Scale and Resolution 

Å ECAL cluster energies corrected using a MC trained multivariate regression 

ï Improves resolution and restores flat response of energy scale versus pileup 

ï Inputs: Raw cluster energies and positions, lateral and longitudinal shower shape 

variables, local shower positions w.r.t. crystal geometry, pileup estimators 

Å Regression also used to provide a per photon energy resolution estimate 

Å Energy Scale and resolution: use Z­e+e- 

 

Non converted photons in the barrel |h|<1  Effect of the regression on the  Z->e+e- 

peak 

PPC 2012 - KIAS - Nov 5th Javier Cuevas, University of Oviedo 14 



Progress in ECAL calibration 

For the golden categories, both photons in the barrel and no conversions:  

FWHM/2.35=1.04GeV (0.87%) approaching the nominal value.  

Still room for improvement.  
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Muon reconstruction and identification 

Å PF Muon Identification in 2012 

ïExploit information from all subdetectors 

Å High efficiency >96% for pT=5 GeV; >99% for 
pT=10 GeV; 

ïExploit also tracker-based muon ID 

ïImportant for H->ZZ->4l 

ïEfficiency controlled in data with J/Ɋ and Z T&P      

 

 

J/Y­mm  
 

Z­mm  

  

Z­mm  

T&P 

Efficiency is stable 

in high PU 

environment 

Tighter quality  

criteria applied  

in some analyses 

to further suppress  

reducible backgrounds 

Z­mm  
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Particle-based isolation 

. 

Å Created by summing energy deposits from individual particles in DR=0.4 cone 

around the lepton 

Å Avoids double counting of the energy deposit in the calorimeters from charged 

particles 

Å Pile-up contribution: 

ÅNegligible for charged hadrons from vertex 

ÅNeutral contribution corrected using the average energy density, r from the pile-up 

and underlying event. 

 

EE pT < 10 GeV 

Det Based vs PF Based 

ELECTRONS 

MUONS 

Isolation Efficiency 

is stable in high PU 

environment 
(important for 
higher lumi runs in 
the future !) 
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Typical regular  jet Typical Pileup jet 

ÁPileup jets structure differs wrt regular jets: 
Á Pileup jets originate from several overlapping jets which merge 

together 

Á Likelihood grows rapidly with high pileup 

Ádiscriminant exploits shape and tracking variables 
Á discrimination both inside and outside tracker acceptance 

 

 

Jet Identification 
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Validation on data:  jet counting in  
Z ̥  ʈʈ events vs vertex multeplicity. 
Stable to <1% for jet pT > 20 GeV 

Important in VBF searches. 



Jet Energy Correction Uncertainties 
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Missing Energy Resolution and PU 
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Tau ID + Isolation efficiency  

 

Á Tau identification: 
Á Searches for major t decay modes within PF jets. Mainly 
t decaying to 1 or 3 charged hadrons. 

Á Photons/Electrons clustered in strips to reconstruct p0 

Á Discriminating variables computed on reconstructed t 
object. 

ÁTau isolation:Multivariate discriminator using 

sum of energy deposits in dR rings around the t. 

 

 

Tau Identification 
Ű-> ˊɜ 

Ű-> a1ɜ Ű-> ɟɜ 

70% efficiency with 5% fake! 

tôs in CMS have become ñnormalò leptons. 
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CMS average: 172.6 ±  0.4 ±  1.2 GeV 

m+Jets analysis  

CMS-PAS-TOP-11-015 

Dilepton:  

CMS-PAS-TOP-11-016 

Lepton+jets: 

CMS-PAS-TOP-11-015 

~1.3 (syst) GeV including color reconnection 
 Effect of the underlying event expected to be small 

Top mass 
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