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The SM Higgs

Known (if exists):

To be explored:

• existence ?    produce and detect !

• properties ?   precise measurements collider−+ ee

• couples to mass (!): bosons and fermions

• scalar, no elm.  or strong interactions

• properties calculable as a function of 

• LEP:  114 GeV <        < 219 GeV (95%)
Hm

Hm



T.HebbekerHistorical reminiscence: LEP and Higgs

(LEP, SLD, Tevatron, NuTeV...)

GeVmH 219< (95%)

direct indirect

GeVmH 114> (95%)

(LEP)

ννqq

HZee

→

→−+

?

LEP

theory



T.HebbekerHiggs Decay Modes

3)( HF mGVVH →→Γ

HfF mmGffH 2)( →→Γ

32)( HF mGH αγγ →→Γ

(*)



T.HebbekerHiggs Branching Fractions
219 GeV limit



T.HebbekerHiggs Decay Width

3~ HmΓ

Important for

Signal/background!

reconstructed mass
ev

en
ts

LEP limits
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Xsection largest

Xsection small

Xsection „large“ at 2 TeV

Xsection „large“ at 14 TeV

leptonsZW →,

)(, leptonsH γγ→

)(, leptonsH γγ→

photons, leptons:

•less background
•mass resolution !



T.HebbekerHiggs cross section 2 TeV

LEP limits

pb pp



T.HebbekerHiggs cross section 14 TeV

LEP limits

pp



T.HebbekerHiggs search strategies

LHC

14 TeV

Tevatron

2 TeV

γγ→

LEP limits

WW→

ZZ→

bbWH →

WW→

ZZ→
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ET scale: 29 GeV

-3.7 3.7

Run 169236 Event 4468684 Thu Feb 13 02:26:58 2003

Higgs (130-190 GeV)                [2 TeV]WW→

D0

ET

e

e
H→WW(*) → e+e−νν

eta

 -4.7
 -3

 -2
 -1

 0
 1

 2
 3

 4.7

phi
180

  0

360

ET
(GeV)

25

Bins: 170
Mean: 0.594
Rms:  2.66
Min:  0.00933
Max:  25

mE_t: 31.2
phi_t: 232 deg

Run 169236 Event 4468684 Thu Feb 13 02:26:57 2003

e

ET

e

Background: ttZWW ,, (*)(*) γ

Run

IIa



T.HebbekerHiggs (110-150 GeV)                [14 TeV]γγ→

CMS

Background: 

130 GeV
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Higgs (130-700 GeV)                   [14 TeV](*)ZZ→
150 GeV

Background: (*)(*) , γZZZ

CMS



T.HebbekerHiggs discovery prospects at Tevatron

...unrealistic...

LEP limit 114 GeV limit 219 GeV



T.HebbekerHiggs discovery prospects at LHC

3 months (80 fills)

@ L0=1033 cm-2s-1

10fb-1 per expt.

114 GeV

ATLAS +CMS
combined

219 GeV

experimentum

crucis:

if SM Higgs exists

<-> 

it can/will be seen

LEP limits



T.HebbekerExtended Higgs Models - Supersymmetry

Minimal SuSy = MSSM: +
uH
0
uH

+
dH
0
dH

couples to 
up-fermions

couples to 
down-fermions

8 real fields – 3 (W+ W- Z) = 5 higgs bosons:

h A −+ HHH

mass relations (lowest order):

CP odd

±<<<< HWAhHZh mmmmmmm
GeV130< incl. radiative correctionshm

d

u
v

v=βtan



T.HebbekerMSSM Higgs Limits LEP

4.2tan >β

In 
addition:
limits on 
charged
higgses...

130 GeV

All higgs masses
fixed by two
parameters



T.HebbekerMSSM Higgs Masses

All higgs
masses
fixed by
two
parameters:

d

u

A

v
v

m

=βtan

50...1tan
500...90

=
=
β

GeVmA

= vacuum expect. values



T.HebbekerMSSM Higgs Couplings

in particular h, H:
0
uH
0
dH

h

H
=

αsin

αcos

αcos

αsin−

β
α

sin
cos~ umhuu

h,H f

f

β
α

cos
sin~ dmhdd

β
α

sin
sin~ umHuu

β
α

cos
cos~ dmHdd

For large            coupling very large !    (similar for A)   βtan bbHh ↔,

also fixed by !βtan,Am



T.HebbekerMSSM Higgs Xsections

some

xsections

very large

compared

to SM !

SM

SM



T.HebbekerMSSM Higgs Search LHC
Many channels:

• if small, h decay signatures ~ SM βtan

• if large, „down“ 

fermions preferred
βtan −+→ µµ

AH ,

• `cascade decays‘ 

eg ZhA→

• if sparticles light: 

eg
0

00

χχ

χχ
++ →

→

H
H

CMS

• charged Higgs −+ HH ,



T.HebbekerCharged Higgses

LEP: > 78.6 GeV

tH mm <±a) 

tH mm >±b) 

!

ttgg→
bHt→

τν→H

btH →



T.HebbekerMSSM Higgs Discovery at LHC ?

whole region
covered!

Higgses cant
escape !



T.Hebbeker

p 
p

p
h
y
s
i
c
s

Part I      Introduction

Part II    Standard Model Physics

Part III   Higgs

Part IV    New Phenomena
References

• SM higgs:
what do we know ?
production and decay
detection

• extended higgs models


	p p physics
	The SM Higgs
	Historical reminiscence: LEP and Higgs
	Higgs Decay Modes
	Higgs Branching Fractions
	Higgs Decay Width
	Higgs production in pp
	Higgs cross section 2 TeV
	Higgs cross section 14 TeV
	Higgs search strategies
	Higgs (130-190 GeV)                [2 TeV]
	Higgs (110-150 GeV)                [14 TeV]
	Higgs (130-700 GeV)                   [14 TeV]
	Higgs discovery prospects at Tevatron
	Higgs discovery prospects at LHC
	Extended Higgs Models - Supersymmetry
	MSSM Higgs Limits LEP
	MSSM Higgs Masses
	MSSM Higgs Couplings
	MSSM Higgs Xsections
	MSSM Higgs Search LHC
	Charged Higgses
	MSSM Higgs Discovery at LHC ?
	Appendices
	Higgs production
	MSSM Higgs Limits LHC



