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2. Higgs-Boson Searches             

1. Standard Model Couplings of the Higgs

2. Limits on Higgs boson mass from radiative
corrections

3. Direct Higgs Searches as LEP

4. Higgs production in pp collisions                               
(LHC + Tevatron)

(-)

WW

f
Hff M

emg
ϑsin2

=

W

W
WWH

eMg
ϑsin

=

WW

Z
ZZH

eMg
ϑϑ cossin

=

22
1

2

2

)2(2
28 WFWWH
F

W

MGgG
M
g

=⇒=

2.1 Standard Model Couplings of the Higgs
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Higgs decay widths

Partial and total Higgs decay widths

For very heavy 
Higgs masses 
(>500 GeV)  the 
discovery becomes 
more difficult !
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2.2 Limits on Higgs boson mass from radiative corrections

• Lepton asymmetries prefer low Higgs mass

• Quark asymmetries prefer larger Higgs mass

2.3 Direct Higgs Searches as 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

Another candidate  with MH=115 GeV
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@ MH=115 GeV

Consistent w/ 
background

LEP Higgs candidates w/ M~115 GeV

LEP Summary: No signal 
above background seen 

Invariant mass of 
Higgs candidates:
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2.4 Higgs production in pp collisions (LHC + Tevatron) 

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
−+→ WWH
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bbZH −+→ ll

Higgs Search at TEVATRON

Combined Tevatron Higgs Limits

• Sixteen mutually exclusive final states for WH, ZH, WW
• Observed combined limits:

– A factor of 10.4 above SM at mH=115 GeV
– A factor of 3.8 above SM at mH=160 GeV

TEVATRON has a chance to see the Higgs before LHC. 
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Higgs Search at LHC

bbH → Not possible 
(background level)

γγ→H very challenging

ττ→H Attractive alternative

WH MM 2<

WH MM 2>

ννll→→ ∗)(WWH

llll→→ ∗)(ZZH
“golden” channel

The ATLAS Experiment at LHC
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Summer 
2007

H → γγ (demands excellent calorimetry)

ATLAS

Large 
combinatorial 
background

CMS Electromagnetic Calorimeter:
80,000 lead-tungstate (PbWO4) crystals
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“Golden” Higgs decay channel

llll→→ ∗)(ZZH

µ4
ννll→→ ∗)(WWH

ATLAS

Not accessible for a light Higgs.

Tau decays of the Higgs: qqH → qq ττ

ννττ ll→ jetνττ l→

Promising alternative to H → γγ for the low mass higgs.
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ATLAS expected Higgs Significance

If the Higgs exists, it will be found in the first 3 years (30 fb-1) of LHC.

Low mass region is 
not easy – demands 
some more data !


