
§8. MSSM Higgs Bosons
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← quartic couplings ∼ gauge couplings

← diagonalisation:
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G±, G0⇒ Goldstone bosons
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← parameters:
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⇒ Higgs sector determined by 2 parameters (MA, tgβ)
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Relations:

Mh < MZ, MA

MH > MZ, MA

MH± > MA, MW

modified by radiative corrections� t � � ~t � + � � �
ǫ =

3GFm4
t√

2π2s2β
log

mt̃1
mt̃2

m2
t

+ stop mixing [µ, At]

−→
Mh

<∼ 140 GeV

MH,A,H± = . . . v . . .1 TeV
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Higgs couplings:

Lint =
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∣
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• M2
A ≫M2

Z: MH ∼MA ∼MH± ∼ degenerate

Mh ∼
√

M2
Z cos2 2β + ǫ sin2 β

α ∼ β − π

2
⇒ h ∼ HSM [decoupling limit]

• tgβ↑ =⇒ g
φ
u↓ g

φ
d↑ g

φ
V ↓
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Higgs Decays

• h→ b̄b, τ+τ−, cc̄h f�f
large QCD corrections: ∼ −50 . . .− 80%h Q

�Q h Q
�Qg h Q

�Q g
h Q

�Qg h Q
�Q gg h Q

�Qt gg
h Q

�Qg h Q
�Q gg h Q

�Q ggg
dominant effect:

mb → m̄b(Mh) = mb

[

1− αs

π

(

4

3
+ log

M2
h

m2
b

)

+O(α2
s)

]
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large SUSY–QCD corrections: O(10 . . .100%)h b
�b~g~b~b + · · · ∝ αs

π
mg̃µtgβ

m2
b̃

• h→WW ∗, ZZ∗h W;ZW;Z
electroweak corrections: ∼ 5 . . .10%

• h→ gg h t; b; ~t;~b gg
large QCD corrections: ∼ 10 . . .100%h t; b; ~t;~bggg h t; b; ~t;~b ggg h t; b; ~t;~b g�q

q
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• h→ γγ

h f; ~�� 

 h W; ~f;H�

 h W; ~f;H� 


extremly important decay channel for LHC

• H → b̄b, τ+τ−: dominant for large tgβ

• H → hh, WW, ZZ, tt̄H f�f H hh H W;ZW;Z
• A→ b̄b, τ+τ−: dominant for large tgβ

• A→ tt̄: dominant above the tt̄ threshold for small

and moderate tgβ A f�f
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• A→ Zh, ggA Zh A t; b gg
• H+ → τ+ντ , t̄bH� f�f 0
• H+ →W ∗A, WhH� W (�)

h;A
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• total widths: Γφ
<∼ 10− 30 GeV narrow

Γ(Φ) [GeV]

tgβ = 3

h

A

H

H±

MΦ [GeV]
100 200 500 1000

10
-3

10
-2

10
-1

1

10

Γ(Φ) [GeV]
tgβ = 30

h H

A

H±

MΦ [GeV]
100 200 500 1000

10
-3

10
-2

10
-1

1

10

HDECAY [Djouadi, Kalinowski, S.]

128



• decays into gauginos and sfermions [3rd genera-

tion] important, if kinematically allowed

� ~�~� � ~f�~f
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Higgs Production

(a) Hadron colliders

• gluon fusion: pp→ gg → h/H/A �0t; b; ~t;~bgg
QCD corrections: ∼ 10 . . .100%

• W/Z fusion: pp→W ∗W ∗/Z∗Z∗→ h/H

h;Hq
q

W;ZW;Z
QCD corrections: ∼ 10%
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• Higgs–strahlung: pp→W ∗/Z∗→W/Z + h/H

h;H�q
q W;Z W;Z

QCD corrections: ∼ 30%

• bremsstrahlung: pp→ tt̄/b̄b + h/H/A

�0q
�q

g t=b
�t=�b �0g

g
t=b
�t=�b

QCD corrections:

tt̄φ0: ∼ ±20%

b̄bφ0: ∼ +(50− 100)%

131



σ(pp
_  
→ tt

_ 
H + X) [fb]

√s = 2 TeV

µ = mt + MH/2

NLO

LO

MH [GeV]

10
-1

1

10

80 100 120 140 160 180 200 220 240 260

σ(pp → tt
_ 
H + X) [fb]

√s = 14 TeV

µ = mt + MH/2

NLO

LO

MH [GeV]

10 2

10 3

80 100 120 140 160 180 200 220 240 260

Beenakker, Dittmaier, Krämer, Plümper, S.,
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σ(pp
_
→h/H+X) [pb]
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σ(pp
_
→A+X) [pb]
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Mt = 175 GeV

CTEQ4

tgβ = 6
gg→A

gg,qq
_
→Abb

_

MA [GeV]

10
-3

10
-2

10
-1

1

80 100 120 140 160 180 200

σ(pp
_
→A+X) [pb]

√s = 2 TeV

Mt = 175 GeV

CTEQ4

tgβ = 30gg→A

gg,qq
_
→Abb

_

MA [GeV]

10
-1

1

10

80 100 120 140 160 180 200

135



σ(pp→h/H+X) [pb]
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(b) e+e− colliders

• Higgs–strahlung: e+e− → Z + h/H

h;He+
e� Z Z

σh ∝ sin2(β − α)

σH ∝ cos2(β − α)

electroweak corrections: ∼ −5 . . .− 10%

• pair production: e+e− → A + h/H

h;He+
e� Z A

σh ∝ cos2(β − α)

σH ∝ sin2(β − α)

← complementarity
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• W/Z fusion: e+e− → νeν̄e/e+e−+ h/H

h;He�
e+

W;ZW;Z
�e=e�
��e=e+

relevant at high energies

electroweak corrections: ∼ −2 . . .− 10%

• bremsstrahlung: e+e− → tt̄/b̄b + h/H/A

�0e�
e+


; Z t=b
�t=�b

← measurement of Yukawa couplings

QCD corrections: ∼ −10 . . . + 50%

electroweak corrections: ∼ +10%
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