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5. Higgs boson search

MH < 163 GeV @ 95 % C.L.

Status March 2009

Indirect constraints:

• Indirect constraints from precision 
electroweak measurements (not a 
proof that the Higgs really exists!)

• Direct searches at LEP: 
mH > 114.4 GeV @ 95 % CL

• Direct searches at TEVATRON: 
excluded 160 GeV < mH < 170 GeV
@ 95% CL

• Direct searches at LHC 

The only missing particle of the Standard Model

Higgs decay widths / branching ratios
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For very heavy Higgs 
masses (>500 GeV)  
discovery becomes 
more difficult !
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5.1 Direct Higgs search at LEP

Production
Decay

Main background:

Higgs search at LEP includes 80% of the final states, selection efficiency ~40 - 50%
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Higgs candidate with MH=114 GeV ?

B mesons have a 
lifetime τ≈1.6 ps: 
→ finite flight path
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No signal above 
background seen 

Invariant mass of LEP 
Higgs candidates

5.2 Higgs production at pp collider(-)
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Higgs decay channels
At LEP:  Searches were done using 

bbH →

At LHC:

• mH< 150 GeV: 

• 150 GeV < mH < 1 TeV

γγ→H

(*)ZZH →
−+→ WWH

MH > 114 GeV

At  TEVATRON: 
bbZH −+→ ll

γγ,−+→ WWH

Mass 
region 
excluded

Combined Tevatron Higgs Limits

arXiv:0903.4001v1 [hep-ex] 



Proton – Proton bunches:

2835 x 2835

1011 protons / bunch

Cossing-Rate: 40 MHz

collisions:  108 bis 109 Hz

TeV7 TeV7

TeV14CMS =E

Large Hadron Collider

Higgs production at LHC (pp at 14 TeV)
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The Challenge: Triggering the Higgs-Events

At design 
luminosity of 
1034 cm-2s-1

Simulated H→ZZ→4µ event at LHC

• 20 pp interaction 
/ event

• Large number of 
particles

To trigger and to reconstruct these events is an exp. challenge.



7

VI. Experimental Tests of the Standard Model

J. Pawlowski / U. Uwer

The ATLAS Experiment at LHC
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First Events: Proton “splashes” (Sep 10th 2008)
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Higgs search:  H → γ γ (simulation)

“Golden” Higss decay channel: H → ZZ → µµ µµ
(Simulation)
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Higgs discovery potential

Signal significance:


