
Top Mass Effects in Higgs Production at the LHC⋆

Robert Harlander

Bergische Universität Wuppertal

RADCOR 2009

Ascona, October 2009

⋆in collaboration with Kemal Ozeren
arXiv:0907.2997 [Phys. Lett B 679 (2009) 467]

arXiv:0909.3420 [submitted to JHEP]

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 1 / 27



Higgs cross sections

σ(pp → H + X) [pb]
√s = 14 TeV

NLO / NNLO

MRST

gg → H (NNLO)

qq → Hqq
qq

_
' → HW

qq
_
 → HZ

gg/qq
_
 → tt

_
H

MH [GeV]

10
-4

10
-3

10
-2

10
-1

1

10

10 2

100 200 300 400 500 600 700 800 900 1000

t
t

t

H

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 2 / 27



Higgs cross sections

σ(pp → H + X) [pb]
√s = 14 TeV

NLO / NNLO

MRST

gg → H (NNLO)

qq → Hqq
qq

_
' → HW

qq
_
 → HZ

gg/qq
_
 → tt

_
H (NLO)

MH [GeV]

10
-4

10
-3

10
-2

10
-1

1

10

10 2

100 200 300 400 500 600 700 800 900 1000

t
t

t

H

t

_
t

H

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 2 / 27



Higgs cross sections

σ(pp → H + X) [pb]
√s = 14 TeV

NLO / NNLO

MRST

gg → H (NNLO)

qq → Hqq
qq

_
' → HW

qq
_
 → HZ

gg/qq
_
 → tt

_
H (NLO)

MH [GeV]

10
-4

10
-3

10
-2

10
-1

1

10

10 2

100 200 300 400 500 600 700 800 900 1000

t
t

t

H

H

q

q

V
q

V

q

t

_
t

H

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 2 / 27



Higgs cross sections

σ(pp → H + X) [pb]
√s = 14 TeV

NLO / NNLO

MRST

gg → H (NNLO)

qq → Hqq
qq

_
' → HW

qq
_
 → HZ

gg/qq
_
 → tt

_
H (NLO)

MH [GeV]

10
-4

10
-3

10
-2

10
-1

1

10

10 2

100 200 300 400 500 600 700 800 900 1000

t
t

t

H

H

q

q

V
q

V

q

t

_
t

H

q

q H

V
_

V

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 2 / 27



Higgs discovery potential at LHC
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Higgs search at the Tevatron
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Gluon fusion: theory prediction

Radiative corrections are large. . . NLO ∼ 70% at LHC
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[Anastasiou, Bucherer, Kunszt ’09], [Keung, Petriello ’09]

y distribution at NLO
[Anastasiou, Bucherer, Kunszt ’09]

higher orders? — heavy top limit
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Gluon fusion: heavy top limit

effective theory for mt ≫ MH :
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Gluon fusion: heavy top limit
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Gluon fusion: heavy top limit
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Reason? Still debated!
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Results in the heavy-top limit

NNLO QCD inclusive
[RH, Kilgore ’02], [Anastasiou, Melnikov ’02], [Ravindran, Smith, van Neerven ’03]
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Test: subleading terms in 1/mt

Perform an “honest” expansion:

σ̂(ŝ, mH , mt) =
∑

n

(

m2
H

4m2
t

)n

σ̂n(x , ln mt , ln mH)

x = m2
H/ŝ
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Ht

t

t
→ σ̂real ∼

∑

n≥0

(

m2
H

4m2
t

)n

fn(x)

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 10 / 27



Test: subleading terms in 1/mt

consider NLO: [Dawson, Kauffman ’93]

t
H

t

→ σ̂virt ∼
∑

n≥0

(

m2
H

4m2
t

)n

cn δ(1 − x)

x = m2
H/ŝ
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1/mt expansion at NLO
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1/mt expansion at NLO
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1/mt expansion at NLO
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1/mt expansion at NLO
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1/mt expansion at NLO
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Large-ŝ behavior at NLO

small-x behavior known: (x = m2
H/ŝ) [Marzani et al. ’08]

σ̂
(1)
gg (x) → −3 C

(1)(mH/mt) + O (x) , ŝ → ∞
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Large-ŝ behavior at NLO

small-x behavior known: (x = m2
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Dependence on ŝ at NLO
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-30

-20

-10

0

10

20

30

40

50

10
-3

10
-2

10
-1

1

σ
^

gg/σ0

x

1/mt
0

1/mt
2 1/mt

4

1/mt
6

soft exp

= m2
H/ŝ
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Test: subleading terms in 1/mt

σ̂ =
∑

n

(

m2
H

4m2
t

)n

σ̂n

NLO: [Dawson, Kauffman ’93]
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σ̂ =
∑

n

(

m2
H

4m2
t

)n

σ̂n

NLO: [Dawson, Kauffman ’93]

NNLO:

623 327 114

→ calculate by asymptotic expansions
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Three-loop virtual
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Three-loop virtual

→ ⊗

+ ⊗ + ⊗

Q2E/EXP [RH, Seidensticker, Steinhauser ’99]
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Three-loop virtual

→ ⊗

+ ⊗ + ⊗

MATAD [Steinhauser ’01]

[Baikov, Smirnov ’00], [RH ’00]

[RH, Ozeren ’09]
[Pak, Rogal, Steinhauser ’09]
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Single real radiation
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Double real radiation
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Double real radiation

→ ⊗

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 17 / 27



Double real radiation

→ ⊗

phase space:
soft expansion [RH, Kilgore ’02]

x = m2
H/ŝ → 1
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Dependence on ŝ at NNLO
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Large-ŝ behavior at NNLO

small-x behavior known: (x = m2
H/ŝ) [Marzani et al. ’08]

σ̂
(2)
gg (x) → −9 C

(2)(mH/mt) ln x + c + O (x) , ŝ → ∞
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(2)
gg (x) → −9 C

(2)(mH/mt) ln x + c + O (x) , ŝ → ∞

combination:

σ̂
(2)
gg (x) ≈ σ̂

(2)
gg,N(x) − 9 C

(2)(mH/mt)

[

ln x +

N
∑

n=1

(1 − x)n

n

]

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 19 / 27
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H/ŝ) [Marzani et al. ’08]

σ̂
(2)
gg (x) → −9 C

(2)(mH/mt) ln x + c + O (x) , ŝ → ∞
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where σ̂
(2)
gg,N is the soft expansion:

σ̂
(2)
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(2)
s+v(x) +

N
∑
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k

c(2)
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Dependence on ŝ at NNLO
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Convergence of 1/mt expansion at NLO
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Comparison at NNLO

Heavy-top limit:

σHO
∞ (s, mH , mt) ≡ σLO(mt , mH)

(

σHO(s, mH)

σLO

)

mt→∞

Honest expansion:

σHO(s, mH , mt) =
∑

n

(

m2
H

4m2
t

)n

σHO
n (s, mH)
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Convergence with N

σ̂
(1)
gg (x) ≈ σ̂

(1)
gg,N(x) − (1 − x)N+1

[

3 C
(1)(mH/mt) + σ̂

(1)
gg,N(0)

]

σ̂
(2)
gg (x) ≈ σ̂

(2)
gg,N(x) − 9 C

(2)(mH/mt)

[

ln x +
N
∑

n=1

(1 − x)n

n

]

where σ̂
(l)
gg,N is the soft expansion:

σ̂
(l)
gg,N(x) = σ̂

(l)
s+v(x) +

N
∑

n≥0

∑

k

c(l)
nk (1 − x)n lnk (1 − x)
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Final result at NLO: 1/mt vs. HIGLU
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Final result at NNLO: 1/mt vs. heavy top limit
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Conclusions

Heavy-top limit tested at NNLO for inclusive cross section,
accuracy better than 0.5% (for MH < 300 GeV) !
[RH, Ozeren ’09]
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accuracy better than 0.5% (for MH < 300 GeV) !
[RH, Ozeren ’09]

talk by A. Pak (yesterday’s parallel session):
→ analytic results fully confirmed [Pak, Rogal, Steinhauser (in prep)]

validation of numerous higher order results in gluon fusion
NNLO differential?

more kinematic variables
dependence on phase space cuts, etc.
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