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OUTLINE 
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•  2010: CMS recorded 43pb-1 of data  
à Performance of CMS is excellent! 

Rediscovery of the SM 

•  2011: LHC is expected to                    
deliver ≥1 fb-1 @ 7TeV 

•  Standard Model Higgs searches 

•  Prospects for individual channels 

•  Potential of the combination 

•  MSSM Higgs searches 



2010: FABULOUS PERFORMANCE 
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~43 pb-1 recorded by CMS 
The detector has worked 
“straight out of the box” 

delivered lumi 
recorded lumi 



WHY SHOULD WE CARE ABOUT 43pb-1 ? 
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THIS IS WHY! 
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Stirling et al 
For MX > 140: 

gg σ at 7 TeV > 15x  that at Tevatron 

Higher rate for Higgs production 

Irreducible backgrounds (WW, ZZ) originate 
from qqbar which rises relatively slowly  

⇒ S/N rises, LHC competitive with 1fb-1 

For MX < 140: slow rise in qq σ 
 Compared to Tevatron, Higgs-strahlung (pp 

→ VH) rate @ 7 TeV not much larger  

 Major backgrounds (W/Z+bb, ttbar) rise 
sharply due to rapid rise in gg σ                             
⇒ small signal rate & poor S/N 

 gg → H →γγ favored in production, but Br ≅ 
0.2% and large QCD γγ background 

     ⇒ Poor S/N 



HIGGS DECAY DOMINATED BY DIBOSONS 
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“MANY DROPS FILL THE BUCKET” 
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•  Develop cut-and-count as well as MVT analyses 

•  Rely mostly on data driven methods for background estimation 

   Channel Physics Objects Higgs mass range  
used in analysis (GeV) 

  Hàγγ	
 photons 115-150 

  qqH, Hàττ	
 taus, MET 115-145 

  VH, Hàbb (highly 
boosted) 

b-tagging 115-125 

  VH, HàWWàlvjj jets, MET, W’s 130-200 

  HàWWà2l2v + 0/1 jets µ, e, MET, W’s 120-600 

  qqH, HàWWà2l2v µ, e, MET, jets, W’s 130-500 

  HàZZà4l µ, e, Z’s 120-600 

  HàZZà2l2v µ, e, MET, Z’s 200-600 

  HàZZà2l2b µ, e, b-tagging 300-600 



2010: COMMISSIONING OF PHYSICS OBJECTS 
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Wàµν	

Wàeν	


Zàµµ	
 Zàee 

Zàττ	


b-tagging	
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ΔΦ 

HàWWà2l2ν: THE GOLDEN CHANNEL 

simulation 

ΔΦ 

 

•  Signal: 2 isolated leptons with small 
Δϕ + MET + no central jets (jet veto) 

•  Background reduction:  

•  WW: Δϕ & mll 

•  ttbar:  cental jet veto, Δϕ & mll 

•  W+jets: tight lepton id 

•  DY alleviated by MET requirement & mll 

•  WZ/ZZ: 2 leptons in final state, MET, mll 

•  look for excess above a cut on NN output 

µ	


µ	


MET 

count here 

MC 
1fb-1 @ 
14TeV 



VS. IRREDUCIBLE WW BACKGROUND 
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too large ΔΦll 
 2010 Data 



HàWWà2l2ν EXPECTATIONS 
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With 1fb-1 @ 7TeV: 

•  Expected exclusion reach: 
150<mH<185 GeV/c2 

•  Close to discovery limit: 
160<mH<170 GeV/c2 

Figure 17: Expected exclusion limits for the H →WW → ��νν search, assuming absence of signal. The expected

range of exclusion is 150-185 GeV.

Figure 18: Expected significance for the H →WW → ��νν search, as a function of the SM Higgs boson mass.
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Figure 17: Expected exclusion limits for the H →WW → ��νν search, assuming absence of signal. The expected

range of exclusion is 150-185 GeV.

Figure 18: Expected significance for the H →WW → ��νν search, as a function of the SM Higgs boson mass.
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HàZZà4l 
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•  Signal: four isolated leptons, 
fully reconstructed àHiggs 
mass peak 

•  Backgrounds: 
•  ZZ :  irreducible  
•  ttbar & Z+bb removed by lepton 

isolation & impact parameter cut 
•  low background, but low yield 

simulation 

HàZZàeeµµ	


8 4 Results
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Figure 7: Four lepton invariant mass differential cross section after baseline selection for (a) 4e,

(b) 4µ and (c) 2e2µ channel.

presence of a peak in the mass spectrum for the signal is the most discriminating observable166

against the ZZ continuum. The signal from a SM Higgs boson is visible in Fig. 7 as a narrow167

peak with a mean expected number of events emerging above the continuum.168

The experimental sources of systematic uncertainties are the trigger and lepton reconstruc-169

tion and identification efficiency (6%), lepton isolation (2%), mis-calibration and mis-alignment170

(2%). The mean expected number of ZZ background events in the signal mass range is esti-171

mated by normalizing to the measured single Z event rate [6–8]. Besides the propagation of172

experimental uncertainties, other contributions in the extrapolation from the single Z to the ZZ173

in the Higgs boson signal phase space come from the theory (or modeling) with an uncertainty174

of about 3% in the generated production from parton density functions QCD scale [18]. The175

uncertainty on the mean expected number of Zbb̄ events is larger, with a contribution from the176

MC 
1fb-1 @ 
14TeV 
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Cracow Epiphany conference, 11.01.11
Artur Kalinowski, Faculty of Physics, UW
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GOLDEN ppàZZàµ+µ-µ+µ- EVENT 
 

MC 
1fb-1 @ 
14TeV 

MC 
1fb-1 @ 
14TeV 

Probability of observing a ZZ à µ+µ-µ+µ- event in ~ 40 pb-1 is ~ 20%   



HàZZà4l REACH 
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Figure 19: Expected exclusion limits for the H → ZZ → 4� search, assuming absence of signal.

Figure 20: Expected exclusion limits for the H → γγ search, assuming absence of signal.

While the performance of the detector reconstruction software has typically improved since the time of the previous
publications, we did not include these changes into the projections presented here. Nor did we correct for a slightly
higher detector acceptance at 7 TeV. (Collisions at a smaller center-of-mass energy imply that objects of a given
mass are produced less boosted in the forward direction.)

Besides re-scaling event yields, the systematic errors were also extrapolated to 7 TeV and 1 fb−1. When a particular
background was derived from a control sample, we scaled the statistical error on the measured number of events
in the control region, taking into account the new 7 TeV cross sections and the new target luminosity of 1 fb−1.
Remaining errors were either kept unchanged (e.g. theoretical uncertainties) or inflated to correspond to a smaller
data sample.

After the event yields were re-scaled and systematic errors re-evaluated, the exclusion limits were calculated using
the Modified Frequentist approach, also known as CLs [53]. The Bayesian method [54] was also exercised and, as

15

No exclusion in this 
channel alone with 
1fb-1 @ 7 TeV 
But getting close… 

•  Add other ZZ decay 
modes: 

    2l2n, 2l2b, 2l2j … 
•  Possible thanks to 

well commissioned 
MET and b-tagging 



Hàγγ	
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Figure 19: Expected exclusion limits for the H → ZZ → 4� search, assuming absence of signal.

Figure 20: Expected exclusion limits for the H → γγ search, assuming absence of signal.

While the performance of the detector reconstruction software has typically improved since the time of the previous
publications, we did not include these changes into the projections presented here. Nor did we correct for a slightly
higher detector acceptance at 7 TeV. (Collisions at a smaller center-of-mass energy imply that objects of a given
mass are produced less boosted in the forward direction.)

Besides re-scaling event yields, the systematic errors were also extrapolated to 7 TeV and 1 fb−1. When a particular
background was derived from a control sample, we scaled the statistical error on the measured number of events
in the control region, taking into account the new 7 TeV cross sections and the new target luminosity of 1 fb−1.
Remaining errors were either kept unchanged (e.g. theoretical uncertainties) or inflated to correspond to a smaller
data sample.

After the event yields were re-scaled and systematic errors re-evaluated, the exclusion limits were calculated using
the Modified Frequentist approach, also known as CLs [53]. The Bayesian method [54] was also exercised and, as
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•  two isolated photons à 
narrow mass peak 

•  QCD bkgd is large          
and partly irreducible 
(sidebands) 

•  Discriminating variables: 
Etγ/mγγ,  |η1-η2| 

 
CMS 14 TeV  
simulation 

CMS 14 TeV Simulation 
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EXCLUSION SENSITIVITY 
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For 1 fb-1 @ 7 TeV 

CMS projected exclusion sensitivity:                               

mH = 135 – 450 GeV 



OBSERVATION SENSITIVITY 
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Expected for 2011 



MSSM bbΦ, Φèτ+τ-	
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•  Isolated pairs of 
(τhadτµ),(τhadτe),(τµτe) 
& some MET 

•  Build ττ-visible mass 

•  Count events in 
sliding ττ-mass 
window 

•  Assess dominant 
backgrounds (Zàττ, 
ttbar) from data 

•  Other channels are 
being explored as 
well, such as:                                                                              
H+àτν, or H++à2l 

discovery 

exclusion 

Figure 21: Expected exclusion limits for the SM Higgs, combining seven channels H → WW → 2�2ν [ee, µµ,

eµ], H → ZZ → 4� [4e, 4µ, 2e2µ], and H → γγ. In absence of signal, the expected mH -mass range of exclusion

is 145-190 GeV.

expected, found to agree with the Modified Frequentist within 10% or better. Here, we show results obtained with

the Modified Frequentist method. In the exclusion-limit plots, dashed lines show the average expected exclusion

limit without systematic errors, solid lines the average with systematic errors included, and green/yellow bands

indicate the expected statistical spread of the limits to be actually observed with data (68% of experimental points

are expected to fall within the green bands and 95% within the yellow bands). The significance was calculated

using the likelihood profile method [55].

Figure 22: Expected sensitivity to the MSSM Higgs bosons in the pp→ bbΦ, Φ→ ττ search, with the following

three final states combined: τµτhad, τeτhad, τµτe. The red dotted line indicates the range for a discovery-level

(5-sigma) sensitivity. The solid blue line defines the range expected to be excluded at 95% C.L. in absence of

signal. Regions currently excluded by LEP and Tevatron are also shown.
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CONCLUSIONS 
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•  CMS has excellent understanding of detector and 
physics objects 

•  Many different Higgs channels are being explored 

•  With the data from 2011/12 CMS will be able to either 
exclude or discover the Higgs boson over a large 
range of Higgs masses 

•  We are ready! 


