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Soft gluon contributions to Higgs production at LHC beyond two
loops
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Harish-Chandra Research Institute, Allahabad

• Introduction
• Factorisation of soft and collinear contributions
• Resummation
• Soft-plus-Virtual atN3LOSpV for total cross section, rapidity distribution
• Conclusions
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• This involves three decades of work by experimentalists as well as theorists.

1) Discovery of all the gauge bosons (W± ,Z, gluon),
all the fermions (c, b, t, τ...),

2) Precise measurements of SM parameters at 0.1% level
effects(αem ,αs, g− 2,mW ,mt ,....).

• The Higgs boson is the last particle to be discovered in SM.

• We are in the process of discovering Exotic and New Physics beyond the Standard Model
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• fa(x) are parton distribution functions inside the hadron P .
• Non-perturbative in nature and process independent.

• σ̂ab are the partonic cross sections.
• Perturbatively calculable.

f1(x)⊗ · · · ⊗ fn(x) =

Z 1

0
dx1 · · ·

Z 1

0
dxnf1(x1) · · · fn(xn)δ(x−x1x2 · · · xn)
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What is next?

"Going Beyond NNLO"

• To check perturbative stability

• Technically non-trivial task

• Attempt to compute them for the dominant soft gluon contributions
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“τ
x
,mh

”
τ =

m2
h

S

 10

 100

 1000

 10000

 100000

 1e+06

 1e+07

 0  0.001  0.002  0.003  0.004  0.005  0.006

φ a
b

x = Q2/S

LHC  ( S = (14 TeV)^2)

qqb
gg

(0.01)qg

Gluon flux is largest at LHC

• Φab(x) becomes large when
x→ xmin = τ

• Dominant contribution to Higgs production
comes from the region when x→ τ

• It is sufficient if we know the partonic cross
section when x→ τ

• x→ τ is called soft limit.



- p. 8/29

Soft part of NNLO

Catani, Harlander, Kilgore

2S dσP1P2 (τ,mh) =
X

ab

Z 1

τ

dx

x
Φab (x) 2ŝ dσ̂ab
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• C(i)0 will be pure constants such as ζ(2), ζ(3).

• Compute the entire cross section in the "soft limit".

OR

Extract from "Form factors and DGLAP kernels" using

1) Factorisation theorem 2) Renormalisation Group Invariance

3) Sudakov Resummation
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σVab(z,Q

2, εs, εc) - Virtual soft gluon
(|F I |2)

+ · ··

σRab(z,Q
2, εs, εc) - Real soft gluon

(ΦIab)

+ · ··
• εs - soft gluon regulator
• εc - collinear parton regulator

• Soft plus Virtual is soft gluon divergence free:

σ
R+V
ab (z,Q2, εc) = σVab(z,Q

2, εs, εc) + σRab(z,Q
2, εs, εc)

Only collinear singularities remain
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(i)
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BIi+1δ(1− z) +AIi+1D0

#
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reg,II(z) ,

Dj =
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!

+

, P
(i)
reg,IIare regular when z→ 1.

AIi - cusp anomalous dimension BIi collinear anomalous dimension
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Factorisation of Soft and Collinear partons

∆(z,Q2) = δ(1− z) + αs
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• F̂ I (âs,Q2,µ2, ε) is the Form factor withQ2 = −q2

• ZI (âs,µ2
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âs,

µ2
R

µ2
, ε

!
+GI
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R)) are finite, called cusp anomalous dimensions.
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Every order in âs , all the poles except the lowest one can be predicted
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This completes the understanding of all the poles of the form factors.
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After operator renormalisation, the poles of the form factors will have

AIi and 2BIi + fIi
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Renormalisation group equation:
„
µ
∂

∂µ
+ β(as)

∂

∂as

«
lnWDY(y) = 2Γcusp(as) lnL(y) + ΓDY(as),

Soft anomalous dimension ΓDY is now known upto two loop level:

ΓDY(g) =
X

i=1

aisΓ
(i)
DY i = 1,2

We find Γ
(i)
DY = f

q
i i = 1,2
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• The peculiar combination 2(BI − γI ) + fI with universal fI appears inGI (ε).
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λ =

g2sNc

8π

whereAI (λ) are cusp anomalous dimension andGI (λ) are collinear anomalous
dimension.

• GI (λ) = 2BI (λ) + cIf is universal, where representation dependent constants cq = 1
and cg = 2 .

• BI (λ) are related to energy of the classical strings spinning on AdS and are related to
anomalous dimensions of twist-2 operators with high spin.

• In the strong coupling using AdS/CFT, Alday has shown recently that it is indeed to true

GI (λ) = 2BI (λ) + cI

√
λ

2π

“
− 1− 2γE + 5 log(2) + 2 log(π)− log(λ)
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âs,

q2

µ2
R

,
µ2
R

µ2
, z, ε

!#



- p. 24/29

Solution to (Soft)Sudakov Equation

q2
d

dq2
ΦI
`
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• All the poles are known upto three loop
• All the poles and finite terms are known upto two loop level
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P (âs, q

2,µ2, z, ε) =

 
m

1− z

(Z q2(1−z)2mδP

µ2

R

dλ2

λ2
AI

`
as(λ

2)
´

+G
I
P

`
as
`
q2(1− z)2mδP

´
, ε
´
)!

+

+δ(1− z)
∞X

i=1

âis

„
q2δP

µ2

«i ε

2

Siε φ̂
I,(i)
P (ε)

+

„
m

1− z

«

+

∞X

i=1
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• The threshold exponentsDIi for DY andBIi for DIS are related toG
I
P (ε = 0).

• GIP (ε = 0) upto three loop givesDIi andBIi for i = 1,2,3 (Moch,Vermaseren,Vogt)

• Expansion of Ce
“

2ΦI

P

”

leads to soft part of the cross section.
• Soft part of Wilson Coeffient of F2(x,Q2) structure functions upto "four loops" can be

reproduced (Moch,Vogt,Vermaseren)
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• 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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Conclusions

• Gluons from the soft and collinear regions "factorise".

• Resummation of soft and collinear gluons is possible through Sudakov resummation.

• Universality of single poles in the form factor and the connection to Wilson loops is now
understood

• Resummed total cross sections and rapidity distribtions can be used to determind soft gluon
contribution to orderN3LO

• Soft plus virtual (SpV) to orderN3LO stabilises the perturbative prediction against scale
variations.
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