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What is SusHi?
SusHi includes . . .

Higgs production cross sections:
gg → h,H,A

quark, squark, gluino-loops through NLO
top loops through NNLO
EW effects
tanβ resummation
various renormalization schemes

bb̄ → h,H,A
5-flavor-scheme
NNLO

SM, MSSM, 2HDM
link to FeynHiggs (input parameters, Mh,H,A)
link to 2HDMC (work in progress)
Authors: RH, Stefan Liebler, Hendrik Mantler
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NLO amplitude
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Top quark loops
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result for general mq,Mh @ NLO
[Spira, Djouadi, Graudenz, Zerwas ’95] → HIGLU
[RH, Kant ’05], [Anastasiou et al. ’07], [Aglietti et al. ’07]

lesson: heavy-top limit works!

R. Harlander ( BU Wuppertal ) SusHi May 2013 6 / 24



Top quark loops

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q

+
q

result for general mq,Mh @ NLO
[Spira, Djouadi, Graudenz, Zerwas ’95] → HIGLU
[RH, Kant ’05], [Anastasiou et al. ’07], [Aglietti et al. ’07]

lesson: heavy-top limit works!

R. Harlander ( BU Wuppertal ) SusHi May 2013 6 / 24



Top quark loops

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q

+
q

result for general mq,Mh @ NLO
[Spira, Djouadi, Graudenz, Zerwas ’95] → HIGLU
[RH, Kant ’05], [Anastasiou et al. ’07], [Aglietti et al. ’07]

lesson: heavy-top limit works!

R. Harlander ( BU Wuppertal ) SusHi May 2013 6 / 24



Heavy-top limit

effective theory for mt � MH :
t

t

t H
mt�MH→ C(mt , αs)× H
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Convergence of 1/mt expansion at NNLO
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Top quark loops
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[Spira, Djouadi, Graudenz, Zerwas ’95] → HIGLU
[RH, Kant ’05], [Anastasiou et al. ’06], [Aglietti et al. ’07]

lesson: heavy-top limit works!

NNLO X
[RH, Kilgore ’02], [Anastasiou, Melnikov ’02], [Ravindran, Smith, v. Neerven ’03]
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Bottom quark loops
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[Spira, Djouadi, Graudenz, Zerwas ’95] → HIGLU
[RH, Kant ’05], [Anastasiou et al. ’06], [Aglietti et al. ’07]

no heavy-bottom limit
⇒ no NNLO!
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Squark loops
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exact result
[Anastasiou et al ’07], [Aglietti et al. ’07], [Mühlleitner, Spira ’08]

but: not SUSY!

either: include gluino diagrams

or: decouple gluino (see [Mühlleitner, Rzehak, Spira ’09])

⇒ ỹq ∼ m2
q

m̃g→∞
→ ỹeff

q ∼ m̃2
q
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→ ỹeff

q ∼ m̃2
q

R. Harlander ( BU Wuppertal ) SusHi May 2013 11 / 24



Squark loops

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q̃

+
q̃

+
q̃

exact result
[Anastasiou et al ’07], [Aglietti et al. ’07], [Mühlleitner, Spira ’08]

but: not SUSY!

either: include gluino diagrams

or: decouple gluino (see [Mühlleitner, Rzehak, Spira ’09])
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Quark/squark/gluino loops
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exact result
[Anastasiou, Beerli, Daleo ’08]

but: only in fully numerical form⇒ difficult to use
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Top/stop/gluino loops
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idea: LSM
mt →∞
→ L(5)QCD + C(mt , αs)HGµνGµν + . . .

LSUSY

M̃ →∞
mt →∞
→ L(5)QCD + C̃(mt , M̃, αs)HGµνGµν + . . .

[RH, Steinhauser ’03]→ evalcsusy
[RH, Hofmann, ’06] [Degrassi, Slavich ’08] [Degrassi, Di Vita, Slavich ’11]

Meanwhile NNLO [Pak, Steinhauser, Zerf ’10/’12]

(in SusHi: approximate NNLO [RH, Steinhauser ’03])
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R. Harlander ( BU Wuppertal ) SusHi May 2013 13 / 24



Bottom/sbottom/gluino

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

M̃→∞→ C1(M̃, αs) ⊗

+ C2(M̃, αs) ⊗
q

[Hofmann (diss) ’09], [Degrassi, Slavich ’10/’12], [RH, Hofmann, Mantler ’11]

R. Harlander ( BU Wuppertal ) SusHi May 2013 14 / 24



Bottom/sbottom/gluino

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q̃

q

g̃ +

q

q̃

g̃

M̃→∞→ C1(M̃, αs) ⊗

+ C2(M̃, αs) ⊗
q

[Hofmann (diss) ’09], [Degrassi, Slavich ’10/’12], [RH, Hofmann, Mantler ’11]

R. Harlander ( BU Wuppertal ) SusHi May 2013 14 / 24



Bottom/sbottom/gluino

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q̃

q

g̃ +

q

q̃

g̃

M̃→∞→ C1(M̃, αs) ⊗

+ C2(M̃, αs) ⊗
q

[Hofmann (diss) ’09], [Degrassi, Slavich ’10/’12], [RH, Hofmann, Mantler ’11]

R. Harlander ( BU Wuppertal ) SusHi May 2013 14 / 24



Bottom/sbottom/gluino

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q̃

q

g̃ +

q

q̃

g̃

M̃→∞→ C1(M̃, αs) ⊗

+ C2(M̃, αs) ⊗
q

[Hofmann (diss) ’09], [Degrassi, Slavich ’10/’12], [RH, Hofmann, Mantler ’11]

R. Harlander ( BU Wuppertal ) SusHi May 2013 14 / 24



Bottom/sbottom/gluino

A = a(0)
t + a(0)

b + a(0)
t̃

+ a(0)
b̃

+ a(1)
t + a(1)

b + a(1)
t̃

+ a(1)
b̃

+ a(1)
t g̃ + a(1)

bg̃

q̃

q

g̃ +

q

q̃

g̃

M̃→∞→ C1(M̃, αs) ⊗

+ C2(M̃, αs) ⊗
q

[Hofmann (diss) ’09], [Degrassi, Slavich ’10/’12], [RH, Hofmann, Mantler ’11]

R. Harlander ( BU Wuppertal ) SusHi May 2013 14 / 24



L
H

C
 H

IG
G

S
 X

S
 W

G
 2

0
1
3

 100  150  200  250  300

MA [GeV]

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

ta
n

 β

122

123

1.02

1

0.98

0.96 0.94 0.92

L
H

C
 H

IG
G

S
 X

S
 W

G
 2

0
1
3

 100  150  200  250  300

MA [GeV]

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

ta
n

 β

128

126

124

0.95 0.9

0.85

0.8

0.75

0.7
0.65

ratio MSSM vs. MSSM w/o squarks
“light stop” scenario [Carena, Heinemeyer, Stȧl, Wagner, Weiglein ’13]
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Higgs XS, tan β = 30
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H/A + bb̄
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bb̄ → H at NLO

[R.H., Kilgore ’03]
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Schlüter ’06]
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Conclusions

SUSY Higgs production theory lags behind Standard Model
SusHi: consistent implementation of

gluon fusion through NLO (partly NNLO and EW)
bottom quark annihilation through NNLO

inclusive cross sections
pT , y distributions (not covered here)
download from sushi.hepforge.org
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