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• Perturbative QCD provides a frame work to compute observables at high energies

• They are "often" sensitive to

1) Renormalisation scale

2) Factorisation scale

3) Non-perturbative quantities that enter

4) Missing higher order contributions(stability of perturbation)

• Higher order QCD corrections reduce these effects

• Soft gluons dominate in some kinematic regions that are accessible at hadron colliders.

• Sudakov resummation of soft gluons can be used to predict for Higgs and Drell-Yan total
cross section and rapidity distribution beyondNNLO.
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• See Hinchcliff,... for LO and see Dawson, Djouadi et.al for NLO (with finite top mass), NNLO
is done in the large top limitN = σ(µR = µF = µ)/σ(µ0).

• Is it the end?
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0 will be pure constants such as ζ(2), ζ(3).
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OR

Extract from "Form factors and DGLAP kernels" using

1) Factorisation theorem 2) Renormalisation Group Invariance

3) Drell-Yan NNLO results
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P (âs, q2,µ2, z, ε) is the soft distribution function →NNLO level

• ΓII (âs,µ
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âs,
µ2
R

µ2
, ε

!

+GI
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2,µ2, ε) =

∞
X

i=1
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ε3
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I
1

!

+
1
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−
1

2
AI2 −β0G

I
1(ε)

!

+
1

2ε
GI2(ε)

· · · · · · · · · · · · · · · ·

· · · · · · · · · · · · · · ··

•AI are maximally non − abelian A
g
i =

CA

CF
A
q
i i = 1,2,3.

• Every order in âs , all the poles except the lowest one can be predicted from the previous
order results usingA and β function.
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We will be left with only maximally non-abelian constantsAIi and fIi
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RG invariance of ΦI implies:
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All the poles in ε are predictable.
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• From Drell-Yan Φq(âs, q2, z, ε), Gluon form factor Fg and operator renormalisation
constant Zg and DGLAP kernel Γgg , we can compute soft plus virtual part of

σ(g+ g →Higgs)

without explicitly calculating the soft part of Higgs production.
• OurNNLO predictions agrees with the results by Catani et al, Harlander and Kilgore. No
need for explicit computation of soft contributions for the Higgs production.



- p. 14/24

Higgs productions from Drell-Yan beyond NNLO

Universal soft function: VR

Φg(âs, q
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âis

 

µ2
R

µ2

!i ε

2

Siε K
I,(i)

(ε)

• The threshold exponentsDIi for DY andBIi for DIS are related toG
I
P (ε = 0).

• G
I
P (ε = 0) upto three loop givesDIi andBIi for i = 1,2,3

• Expansion of Ce

“

2ΦI

P

”

leads to soft part of the cross section.
• Fixed orderN3LO soft plus virtual cross sections can be computed(except δ(1 − z))
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“τ

x
,mh

”

τ =
m2
h

S

mH

σ (pb) LHC(14 TeV)
N4LO(pSV)
N3LO(pSV)
NNLO
NLO
LO

10

20

30

40

50

60

70

100 150 200 250

Gluon flux is largest at LHC

• Finite terms in F I and ΦI at 3-loop are still
missing

• We can not predict δ(1 − z) part at 3-loop.

• At 3-loop we can predict all

Dj j = 5,4,3,2,1,0

• At 4-loop, we can predict only

Dj j = 7,6,5,4,3,2

• They contribute bulk of the cross section
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• Scale uncertainity improves a lot
• Perturbative QCD works at LHC
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