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Motivation
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• Dominant production mechanism: gg fusion through
a heavy-quark loop
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Motivation

• Higgs decay modes:
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• Due to huge QQ̄/τ+τ− BG, H → γγ is the decay mode
in the inclusive case for MH < 135 GeV

• gg → H remains dominant at LHC, but associated
production qq′ → V ∗ → V H better at Tevatron RunII
for light Higgs searches

• For 140 GeV < MH < 170 GeV, gg → H → WW still
important at Tevatron

Motivations

• Higgs search fundamental for High Energy Physics

• Several constraints indicate 100 < MH < 200 GeV

– LEP search MH > 114 GeV (MH = 115 GeV ?)

– Fits to EW precision data → upper limit (at 95%
CL): MH < 196 GeV

• Next search at Hadron Colliders: Run II at Tevatron
and LHC

• Higgs production modes:
qq̄ → HV
qq̄ → HQQ̄
qq̄ → Hqq̄
gg → H
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  gg fusion dominant production mechanism
     at hadronic colliders

LHC Tevatron

 If there is a Higgs boson...

MH < 163 GeV
MH > 114.4 GeV

MH != 170GeV

LEP

EW
Tevatron

Precise cross-sections needed for exclusion!

95%CL
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Introduction

• Hadronic cross section:

σ(S, M2
H) =

∑

a,b

∫ 1

0

dx1 dx2 fa/H1(x1, µ
2
F) fb/H2(x2, µ

2
F )

∫ 1

0

dz δ
(

z −
τ

x1x2

)

· σ0 z Gab(z;αs(µ2
R), M2

H/µ2
R;M2

H/µ2
F)

where τ = M2
H/S, ŝ = x1x2S (z partonic equiv. of τ)

H

f

f

!

..
.

a

b

h

h

1

2

• Partonic cross section

σ̂(ŝ, M2
H) =

1

ŝ
σ0M

2
H Gab(z) = σ0 z Gab(z)

1
ŝ
flux factor while σ0M2

H Gab(z) from phase-space integral matrix-
elements2

Gab(z;αs(µ2
R),M2

H/µ2
R;M2

H/µ2
F ) =

(
αs(µ2

R)

π

)2 ∞∑

n=0

(
αs(µ2

R)

π

)n

G(n)
ab (z;M2

H/µ2
R;M2

H/µ2
F)

=

(
αs(µ2

R)

π

)2

G(0)
ab (z) +

(
αs(µ2

R)

π

)3

G(1)
ab (z;M2

H/µ2
R;M2

H/µ2
F)

+

(
αs(µ2

R)

π

)4

G(2)
ab (z;M2

H/µ2
R;M2

H/µ2
F ) + O(α5

s)

τ = M2
H/S

ŝ = x1x2S

z = M2
H/ŝ

σ(S, M2
H) =

∑

a,b

∫ 1

0
dz

∫ 1

0
dx1 dx2 fa/H1(x1, µ

2
F ) fb/H2(x2, µ

2
F ) δ

(
z − τ

x1x2

)
σ0

L
(τ

z
, µ2

F

)

  Total cross-section
Luminosity

Coefficient

  QCD expansion 

Born

+
(

αs(µ2
R)

π

)4

G(2)
ab (z;M2

H/µ2
R;M2

H/µ2
F ) +O(α5

s)

Gab(z;αs(µ2
R), M2

H/µ2
R;M2

H/µ2
F ) =

(
αs(µ2

R)
π

)2

G(0)
ab (z) +

(
αs(µ2

R)
π

)3

G(1)
ab (z;M2

H/µ2
R;M2

H/µ2
F ) +

(
αs(µ2

R)
π

)4

G(2)
ab (z;M2

H/µ2
R;M2

H/µ2
F ) +O(α5

s)

z → 1 Partonic
threshold

z Gab(z;αs(µ2
R), M2

H/µ2
R;M2

H/µ2
F )
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H

Q

p
1 p

1

p
2p

2

HQ

H

M   >>  M

mtop

mtop → ∞

O(α3

S)

Leff = −
1

4

[

1 −
αS

3π

H

v
(1 + ∆)

]

TrGµνG
µν

C(αs,Mt) O(α5
s)known to Schroder, Steinhauser (2006); Chetyrkin, Kuhn, Sturm (2006)

Schreck, Steinhauser (2007); 
Marzani et al (2008)

calculation of     coefficientsG

  Not a good approximation for ‘bottom’ ! dominated by b-t interference:
  small and negative

Effective vertex

• Higher order QCD corrections very challenging due
to heavy quark loop at LO

• Work in the MH/4Mt ! 1 approximation: effective
ggH vertex (1 loop less)

H

Q

p
1 p

1

p
2p

2

H

m   >>  M
Q H

*

C(   )!
s

• C(αs) known to O(α4
s) Chetyrkin, Kniehl, Steinhauser (1998)

C(αs) = −
1

3

αs

π

{
1 +

11

4

αs

π

+
(

αs

π

)2
[
2777

288
+

19

16
ln

µ2
R

m2
t

+ nF

(
−

67

96
+

1

3
ln

µ2
R

m2
t

)]

+
(

αs

π

)3

...

}

C(αs,Mt)

  If full Born result is retained

  Approximation works at the percent level for ‘top’

  Effective Lagrangian

Ht, b

g

g

Ht, b

g

g

mtop

80%

Ellis, Gaillard, Nanopoulos, Sachrajda (1977)

Graudenz, Spira, Zerwas (1993)

LO

NLO

  Not an easy calculation
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NLO

NNLO Harlander, Kilgore (2002);  Anastasiou, Melnikov (2002);  
Ravindran, Smith, van Neerven (2003)

Dawson (1991); Djouadi, Spira, Zerwas (1991)Within large      limitMt

• K!factors defined with respect

• With                            and                     but

σLO(µF = µR = MH)

µF (R) = χL(R)MH 0.5≤ !F/!R ≤ 20.5≤ !L(R) ≤ 2

+40%

• K!factors defined with respect

• With                            and                     but

σLO(µF = µR = MH)

µF (R) = χL(R)MH 0.5≤ !F/!R ≤ 20.5≤ !L(R) ≤ 2

+15 − 20 %

K(N)NLO =
σ(N)NLO(µF , µR)

σLO(µF = µR = MH)

NNLO ~ 15-20%NNLO ~ 40% α2
s ∼ 1%

Large Coefficients

µF,R = χF,R MH

0.5 ≤ χF,R ≤ 2

0.5 ≤ χF

χR
≤ 2

  QCD corrections are very large

NLO > 100%
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G(1)
gg (z;M2

H/µ2
R;M2

H/µ2
F ) =

(
11
2

+ 6ζ(2) +
33− 2Nf

6
ln

µ2
R

µ2
F

)

+6 ln
M2

H

zµ2
F

+12

−11
2

(1− z)3

z

δ(1− z)

(
ln(1− z)

1− z

)

+

(
1

1− z

)

+

+
(

P real
gg (z)− 2CA

1− z

)
ln

M2
H(1− z)2

zµ2
F

G(0)
ab (z) = δagδbg δ(1− z)

  NLO

singular z → 1}
(Pure) collinear

Hard

ln
q2
T max

µ2
F

  Take a look at the coefficients

  LO

z = M2
H/ŝ
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G(1)
gg (z;M2

H/µ2
R;M2

H/µ2
F ) =

(
11
2

+ 6ζ(2) +
33− 2Nf

6
ln

µ2
R

µ2
F

)

+6 ln
M2

H

zµ2
F

+12

−11
2

(1− z)3

z

δ(1− z)

(
ln(1− z)

1− z

)

+

(
1

1− z

)

+

+
(

P real
gg (z)− 2CA

1− z

)
ln

M2
H(1− z)2

zµ2
F

G(0)
ab (z) = δagδbg δ(1− z)

  NLO

singular z → 1}
(Pure) collinear

Hard

ln
q2
T max

µ2
F

  Take a look at the coefficients

  LO

z = M2
H/ŝ

z → 1 if S !M2
H (τ " 1)  Why  
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G(1)
gg (z;M2

H/µ2
R;M2

H/µ2
F ) =

(
11
2

+ 6ζ(2) +
33− 2Nf

6
ln

µ2
R

µ2
F

)

+6 ln
M2

H

zµ2
F

+12

−11
2

(1− z)3

z

δ(1− z)

(
ln(1− z)

1− z

)

+

(
1

1− z

)

+

+
(

P real
gg (z)− 2CA

1− z

)
ln

M2
H(1− z)2

zµ2
F

G(0)
ab (z) = δagδbg δ(1− z)

  NLO

singular z → 1}
(Pure) collinear

Hard

ln
q2
T max

µ2
F

  Take a look at the coefficients

  LO

z = M2
H/ŝ

z → 1 if S !M2
H (τ " 1)  Why  

  Partonic Threshold : “Singular” contributions are dominant 

〈ŝ〉 = 〈x1x2 s〉 # SLuminosity (gluon pdf)
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G(1)
gg (z;M2

H/µ2
R;M2

H/µ2
F ) =

(
11
2

+ 6ζ(2) +
33− 2Nf

6
ln

µ2
R

µ2
F

)

+6 ln
M2

H

zµ2
F

+12

−11
2

(1− z)3

z

δ(1− z)

(
ln(1− z)

1− z

)

+

(
1

1− z

)

+

+
(

P real
gg (z)− 2CA

1− z

)
ln

M2
H(1− z)2

zµ2
F

G(0)
ab (z) = δagδbg δ(1− z)

  NLO

singular z → 1}

G(1)
qg and G(1)

qq̄ : no singular contributions

(Pure) collinear

Hard

ln
q2
T max

µ2
F

  Take a look at the coefficients

  LO

z = M2
H/ŝ

z → 1 if S !M2
H (τ " 1)  Why  

  Partonic Threshold : “Singular” contributions are dominant 

〈ŝ〉 = 〈x1x2 s〉 # SLuminosity (gluon pdf)
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GN =
∫ 1

0
dx xN−1G(x) z → 1 N →∞

[δ (1− z)]N = 1

[(
ln(1− z)

1− z

)

+

]

N

=
1
2
(lnN + γE)2 +

ζ(2)
2

+O(1/N)

[ln(1− z)]N =
lnN

N
+ ...

[z]N = O(1/N)

O(1/N)

lni N  Define ‘Soft-Virtual’ terms as those containing : and  constant
lnN

N

 x-space not the best to look at “soft” approximations : distributions

 Natural space Mellin (also for resummation)

  ‘Collinear’ terms : 

  ‘Hard’ terms : small even for not very large N !

Leading collinear terms : Soft-Virtual-Collinear

not  O(1/N)
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NLO NNLO

  Check approximation

Tevatron  MSTW2008

µ = 1

µ = 1/2
µ = 2 gg gg

  Reproduces gg channel at the % level : soft-virtual terms clearly dominate

gg

∆SV (µ) =
σSV (µF = µR = µMH)− σ(µF = µR = µMH)

σ(µF = µR = µMH)
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Resummation

  Logs originate from soft-gluon (collinear) emission : UNIVERSAL Factorization

  Two logs appear at each order 

g2CA

∫
d3k

(2π)32Ek

2 p1 · p2

p1 · q p2 · q

p1

p2

k ∼ (1− z)p1

q

soft collinear

z → 1
∼ αs CA

∫
dz

1− z

∫ (1−z)2M2
H dk2

T

k2
T

 Include multiple soft-gluon emission to all orders (to certain logarithmic 
accuracy)

.....

αk
s ln2k N

  Not only identify dominant contributions : origin                  prediction 

soft and collinear
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  Resummation is achieved by showing that logarithmic contributions exponentiate

ln NConstant 

Fully account for all
Soft-virtual contributions

G(res)
gg, N = α2

s Cgg(αs) ∆H
N (αs, N)

Sterman (1987); Catani, Trentadue (1989)

11



  Resummation is achieved by showing that logarithmic contributions exponentiate

ln NConstant 

Fully account for all
Soft-virtual contributions

soft-gluon collinear to parton

soft-gluon at large angles

G(res)
gg, N = α2

s Cgg(αs) ∆H
N (αs, N)

∆H
N (αs) = [∆g

N (αs, N)]2 ∆(int)H
N (αs, N)

∆g
N (αs, N) = exp

{∫ 1

0
dz

zN−1 − 1
1− z

∫ (1−z)2M2
H

µ2
F

dq2

q2
Ag(αs(q2))

}

∆(int)H
N (αs, N) = exp

{∫ 1

0
dz

zN−1 − 1
1− z

DH(αs((1− z)2M2
H))

}

  Sudakov radiative factor

Sterman (1987); Catani, Trentadue (1989)
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  Resummation is achieved by showing that logarithmic contributions exponentiate

ln NConstant 

Fully account for all
Soft-virtual contributions

soft-gluon collinear to parton

soft-gluon at large angles

Ag = αs
π A(1)

g +
(

αs
π

)2
A(2)

g +
(

αs
π

)3
A(3)

g + ...

Cgg = 1 +
αs

π
C(1)

gg +
(αs

π

)2
C(2)

gg + ...

DH =
(αs

π

)2
D(2)

H + ...

G(res)
gg, N = α2

s Cgg(αs) ∆H
N (αs, N)

∆H
N (αs) = [∆g

N (αs, N)]2 ∆(int)H
N (αs, N)

∆g
N (αs, N) = exp

{∫ 1

0
dz

zN−1 − 1
1− z

∫ (1−z)2M2
H

µ2
F

dq2

q2
Ag(αs(q2))

}

∆(int)H
N (αs, N) = exp

{∫ 1

0
dz

zN−1 − 1
1− z

DH(αs((1− z)2M2
H))

}

  Sudakov radiative factor

Sterman (1987); Catani, Trentadue (1989)

 Coefficients have a expansion free of logs

soft term of AP kernel

Process dependent

Process dependent

Universal

11



ln∆H
N ∼ αn

s lnn+1 N + αn
s lnn N + αn

s lnn−1 N + ...

 Some constant terms might exponentiate, 
but better keep the expansion well organized         constant in normalization C

LL NLL NNLL

Parisi (1980); Laenen, Sterman (1990); Eynck, Laenen, 
Magnea (2003);  Ahrens, Becher, Neubert, Yang (2008)

αk
s ln2k−4 N in σ1 C(1) C(2)

full accuracy at NNLO (k=2)

systematic
expansion 

towers of logs
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ln∆H
N ∼ αn

s lnn+1 N + αn
s lnn N + αn

s lnn−1 N + ...

λ = αsβ0 lnN

Landau pole z → 1

λ→ 1/2 pole at very large N

 Some constant terms might exponentiate, 
but better keep the expansion well organized         constant in normalization C

ln∆H
N = lnN g(1)(λ) + g(2)(λ) + αs g(3)(λ) + ...

F (x) =
∫ CMP +i∞

CMP−i∞

dN

2πi
x−N F (N)

N

CMP

Physical
poles

Landau
pole

LL NLL NNLL

Catani, Mangano, Nason, Trentadue (1996)

Parisi (1980); Laenen, Sterman (1990); Eynck, Laenen, 
Magnea (2003);  Ahrens, Becher, Neubert, Yang (2008)

∆g
N (αs(µ2

R),M2
H/µ2

R;M2
H/µ2

F ) = exp
{∫ 1

0
dz

zN−1 − 1
1− z

∫ (1−z)2M2
H

µ2
F

dq2

q2
Ag(αs(q2))

}

 Back from N space: Mellin Inverse

 Implement “Minimal Prescription”

αk
s ln2k−4 N in σ1 C(1) C(2)

full accuracy at NNLO (k=2)

systematic
expansion 

towers of logs

12



g(1), g(2), g(3), C(1), C(2) Best precision : NNLL+NNLO

 Profit from fixed order expansion to provide the best approach : matching

σres = σNkLL + σNkLO − σNkLL|NkLO

free of logs :`Hard terms’
logs

resummed

}
 Leading collinear term C(1) → C(1) + 2A(1) lnN

N
αk

s
ln2k−1 N

N

13



✓ Exponent already known

    What about NNNLL ?

Moch, Vermaseren, Vogt (2005)

unknown yet (requires 3-loop form factor)

g(4) → α2
s(αs lnN)n

g(1), g(2), g(3), C(1), C(2)

C(3)

α3
sC

(3) exp g(1) → α2
s(αs lnN)(αs lnN)n

NNNLO missing for matching

 Best precision : NNLL+NNLO

 Profit from fixed order expansion to provide the best approach : matching

σres = σNkLL + σNkLO − σNkLL|NkLO

free of logs :`Hard terms’
logs

resummed

}
 Leading collinear term C(1) → C(1) + 2A(1) lnN

N
αk

s
ln2k−1 N

N

13



 Resummation : reduction in scale dependence 

Catani, deF, Grazzini, Nason (2003)

 Control of factorization and renormalization scale dependence 
to same logarithmic accuracy
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• K!factors defined with respect

• With                            and                     but

σLO(µF = µR = MH)

µF (R) = χL(R)MH 0.5≤ !F/!R ≤ 20.5≤ !L(R) ≤ 2

+40%

+12− 15%

NNLL effectNNLL effect

+ 12/15 %

 Resummation : K-factors Catani, deF, Grazzini, Nason (2003)

µF,R = χF,R MH

0.5 ≤ χF,R ≤ 2

0.5 ≤ χF

χR
≤ 2

Tevatron

15



• K!factors defined with respect

• With                            and                     but

σLO(µF = µR = MH)

µF (R) = χL(R)MH 0.5≤ !F/!R ≤ 20.5≤ !L(R) ≤ 2

+40%

+12− 15%

• K!factors defined with respect

• With                            and                     but

σLO(µF = µR = MH)

µF (R) = χL(R)MH 0.5≤ !F/!R ≤ 20.5≤ !L(R) ≤ 2

+15 − 20 %

+ 6%

NNLL effect

NNLL effect

NNLL effect

+ 12/15 %

+ 6 %

 Resummation : K-factors Catani, deF, Grazzini, Nason (2003)

µF,R = χF,R MH

0.5 ≤ χF,R ≤ 2

0.5 ≤ χF

χR
≤ 2

Tevatron

LHC

15



Update on Higgs Cross-section

 New NNLO pdfs : MRST2002                MSTW2008

  Large modifications in the gluon pdf

  Change in coupling constant

αs(MZ) 0.1154→ 0.1171

Q = 120GeV

Gluon MSTW08/Gluon MRST2002

LHC TeV

↑ ∼ 5%σ ∼ O(α3
s)

↑↓

↓
↑
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Update on Higgs Cross-section

 New NNLO pdfs : MRST2002                MSTW2008

  Large modifications in the gluon pdf

  Change in coupling constant

αs(MZ) 0.1154→ 0.1171

 Two-loop ElectroWeak corrections computed
Aglietti, Bonciani, Degrassi, Vicini (2004)

Degrassi, Maltoni (2004)
Actis, Passarino, Sturm, Uccirati (2008)
Anastasiou, Boughezal, Petriello (2008)

Q = 120GeV

Gluon MSTW08/Gluon MRST2002

LHC TeV

3 Numerical results

For the NLO electroweak corrections we use our recent result [8] and consider a Higgs mass
range spanning from 100GeV to 500GeV. In this region we cross the WW , ZZ and tt̄ thresholds.
A naive computation of the amplitude with conventional on-shell masses as input data reveals the
presence of singularities at the WW and ZZ thresholds; in order to cure them, we have introduced
in our computation complex masses [11], following the suggestion of Ref. [10]. The behavior at the
tt̄ thresholds, instead, is smooth, and the on-shell mass of the top quark can be safely used.

In the calculation all light-fermion masses have been set to zero and we have defined the W and
Z boson complex poles by

sj = µj (µj − i γj) , µ2
j = M2

j − Γ2
j , γj = Γj

(

1 −
Γ2

j

2M2
j

)

, (8)

with j = W,Z. As input parameters for the numerical evaluation we have used the following values
taken from Ref. [22]:

M
W

= 80.398GeV, M
Z

= 91.1876GeV,
ΓZ = 2.4952GeV, GF = 1.16637 × 10−5 GeV−2.

(9)

For the mass of the top quark, we have used Mt = 170.9GeV [23]; for the width of the W boson,
we have chosen the value ΓW = 2.093GeV, predicted by the Standard Model with electroweak and
QCD corrections at one loop.

Our results for δEW defined in Eq.(7) are shown in Fig. 1, where we include the complete
corrections, comprehensive of light- and top-quark contributions, in the entire range of interest. The
introduction of the complex-mass scheme in our two-loop evaluation has a striking consequence,
visible around two-particle thresholds, where artificial cusp effects disappear. A detailed analysis
of this issue can be found in Ref. [9].

−4

−2

0

2

4

6

δ E
W

[%
]

δ E
W

[%
]

100 150 200 250 300 350 400 450 500

MH [GeV]MH [GeV]

Figure 1: NLO electroweak percentage corrections to the partonic cross section σ(g g → H).

For including the NLO electroweak corrections in the hadronic cross section of Eq.(1), we have
used the FORTRAN code HIGGSNNLO written by M. Grazzini (see also Ref. [24]), with QCD

4

Actis,et al (2008)

↑ ∼ 5%σ ∼ O(α3
s)

↑↓

↓
↑

16



Update on Higgs Cross-section

 Update to MSTW 2008 NNLO distributions (pdf uncertainties)

 Use effective Lagrangian for top quark contribution and 
normalize to Born result

 Core of the cross-section: top quark contribution computed to 
NNLL+NNLO accuracy

 Bottom contribution and top-bottom interference exact at 
NLO 

 Include EW effects assuming complete factorization

 Update masses mt = 170.9 GeV mb = 4.8 GeV

Actis, Passarino, Sturm, Uccirati (2008)σbest = (1 + δEW ) σQCD

σQCD = σNNLL+NNLO
top + σNLO

bottom↑ Anastasiou, Boughezal, Petriello (2008)
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µF,R = χF,R MH

0.5 ≤ χF,R ≤ 2

0.5 ≤ χF

χR
≤ 2

mH σbest Scale PDF

100 1.861 +0.192
−0.174

+0.094
−0.101

105 1.618 +0.165
−0.149

+0.085
−0.091

110 1.413 +0.142
−0.127

+0.077
−0.083

115 1.240 +0.123
−0.110

+0.070
−0.075

120 1.093 +0.107
−0.095

+0.065
−0.069

125 0.967 +0.094
−0.083

+0.059
−0.063

130 0.858 +0.082
−0.072

+0.054
−0.058

135 0.764 +0.073
−0.063

+0.050
−0.053

140 0.682 +0.065
−0.056

+0.046
−0.049

145 0.611 +0.057
−0.049

+0.042
−0.045

150 0.548 +0.051
−0.044

+0.039
−0.042

155 0.492 +0.045
−0.039

+0.036
−0.038

160 0.439 +0.040
−0.034

+0.033
−0.035

165 0.389 +0.036
−0.030
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−0.032

170 0.349 +0.032
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+0.028
−0.029

175 0.314 +0.029
−0.024

+0.026
−0.027

180 0.283 +0.026
−0.021

+0.024
−0.025

185 0.255 +0.023
−0.019

+0.022
−0.023

190 0.231 +0.021
−0.017

+0.020
−0.021

195 0.210 +0.019
−0.015

+0.019
−0.020

200 0.192 +0.017
−0.014

+0.018
−0.019

Table 1: Cross sections (in pb) at the Tevatron (µF = µR = mH) with
√

s = 1.96 TeV,
using the MSTW2008 [15] parton densities.
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5

 Scale dependence 

 ‘PDF uncertainty’ 

±9 to ± 10%

±6 to ± 10%

Tevatron

2003→ 2009

TH uncertainties (pert/non-pert.)

mH = 115GeV + 9%
mH = 200GeV − 9%

mH = 170GeV − 2%

∼ 14%(NNLO            )         

 ‘EW uncertainty’ : partial vs complete factorization −3 to + 2%
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µF,R = χF,R MH

0.5 ≤ χF,R ≤ 2

0.5 ≤ χF

χR
≤ 2

 Scale dependence 

 ‘PDF uncertainty’ 

LHC

2003→ 2009

TH uncertainties

mH = 115GeV + 30%
mH = 300GeV + 9%

mH σbest Scale PDF

100 44.12 +4.24
−4.44

+1.07
−1.39

110 36.99 +3.43
−3.60

+0.88
−1.14

120 31.48 +2.83
−2.96

+0.75
−0.96

130 27.11 +2.35
−2.48

+0.64
−0.82

140 23.58 +1.98
−2.10

+0.56
−0.71

150 20.69 +1.69
−1.80

+0.50
−0.62

160 18.07 +1.44
−1.53

+0.44
−0.55

mH σbest Scale PDF

170 15.63 +1.22
−1.30

+0.39
−0.48

180 13.78 +1.05
−1.12

+0.35
−0.42

190 12.20 +0.91
−0.97

+0.32
−0.38

200 10.97 +0.80
−0.86

+0.29
−0.35

210 9.98 +0.72
−0.77

+0.27
−0.32

220 9.14 +0.64
−0.69

+0.26
−0.30

230 8.42 +0.58
−0.63

+0.24
−0.28

mH σbest Scale PDF

240 7.81 +0.53
−0.58

+0.23
−0.26

250 7.29 +0.49
−0.53

+0.22
−0.25

260 6.83 +0.45
−0.49

+0.21
−0.24

270 6.44 +0.42
−0.46

+0.21
−0.23

280 6.11 +0.40
−0.43

+0.20
−0.22

290 5.83 +0.37
−0.40

+0.20
−0.22

300 5.61 +0.37
−0.38

+0.19
−0.21

Table 2: Cross sections (in pb) at the LHC (µF = µR = mH) with
√

s = 10 TeV using
the MSTW2008 [15] parton densities.

mH σbest Scale PDF

100 74.58 +7.18
−7.54

+1.86
−2.45

110 63.29 +5.87
−6.20

+1.54
−2.02

120 54.48 +4.88
−5.18

+1.30
−1.70

130 47.44 +4.12
−4.38

+1.12
−1.45

140 41.70 +3.47
−3.75

+0.97
−1.25

150 36.95 +3.02
−3.24

+0.85
−1.10

160 32.59 +2.60
−2.79

+0.73
−0.97

mH σbest Scale PDF

170 28.46 +2.22
−2.39

+0.65
−0.84

180 25.32 +1.92
−2.08

+0.58
−0.74

190 22.63 +1.68
−1.83

+0.52
−0.66

200 20.52 +1.49
−1.63

+0.48
−0.60

210 18.82 +1.34
−1.47

+0.45
−0.55

220 17.38 +1.22
−1.33

+0.42
−0.51

230 16.15 +1.11
−1.22

+0.39
−0.48

mH σbest Scale PDF

240 15.10 +1.03
−1.12

+0.37
−0.45

250 14.19 +0.95
−1.04

+0.36
−0.43

260 13.41 +0.88
−0.97

+0.35
−0.41

270 12.74 +0.83
−0.91

+0.33
−0.39

280 12.17 +0.78
−0.86

+0.33
−0.38

290 11.71 +0.74
−0.82

+0.32
−0.37

300 11.34 +0.71
−0.78

+0.32
−0.36

Table 3: Cross sections (in pb) at the LHC (µF = µR = mH) with
√

s = 14 TeV using
the MSTW2008 [15] parton densities.

6

mostly pdf and coupling

±10 to ± 7%

±3%

 ‘EW uncertainty’ : partial vs complete factorization −3 to + 1%
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 Caution about ‘PDF uncertainty’ 

Real PDF uncertainty might exceed ‘error’ bands

✓ from 2002 to 2008 many changes (NNLO kernels)
‣ but check from 2006 to 2008
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 Caution about ‘PDF uncertainty’ 

Real PDF uncertainty might exceed ‘error’ bands

✓ from 2002 to 2008 many changes (NNLO kernels)
‣ but check from 2006 to 2008

 Results very similar to those by Anastasiou, Boughezal, Petriello (2008)

∆ ! 2.5%  Tevatron 

underestimate of ‘error’ in 2006 ?
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  Update: significant modifications at the LHC

Summary

  Uncertainties : take into account for Higgs mass limits

~ 10% from scale dependence

pdf uncertainty not trivial ! αs?

  NNLL+NNLO precision for gluon fusion

  Resummation provides a way to improve the calculation for Higgs cross-section 

  Update: non-negligible change at Tevatron

  Update: EW corrections, new pdfs, bottom@NLO
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