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Soft and Collinear gluon corrections to Higgs production and
DIS beyond two loop

V. Ravindran

Harish-Chandra Research Institute, Allahabad, India

• Soft gluons atN3LO for Higgs and Drell-Yan Production
• Structure of QCD amplitudes
• Leading logs beyond 1-x
• Conclusions
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Structure multi-parton amplitudes in QCD

• Infra-red structure of FaµνF
µνa (Drell-Yan) and ψγµψ (Higgs production) in SU(N)

gauge theory using dimensional regularisation (n− 4 = ε)

• Universal structure of single pole 1
ε

and connection to AdS/CFT.

QCD effects at LHC

• Fixed orderN3LO Soft gluon corrections to

1. Higgs production

2. Drell-Yan (di-lepton) production
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µνa (Drell-Yan) and ψγµψ (Higgs production) in SU(N)

gauge theory using dimensional regularisation (n− 4 = ε)

• Universal structure of single pole 1
ε

and connection to AdS/CFT.

QCD effects at LHC

• Fixed orderN3LO Soft gluon corrections to

1. Higgs production

2. Drell-Yan (di-lepton) production

Threshold resummation beyond 1 − x

• Renormalisation and Factorisation invariant approach beyond leading 1 −x order.

• Predictions from Single and Two-scale ansaetze
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• Renormalised version of parton model:
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2,µ2, ε) = −1

2
< g(p) | Tr [GµνGµν ] | g(p′) >



- p. 5/20

Infra-red structure of QCD amplitudes in n = 4 + ε dimensions

Ashoke Sen, Mueller, Collins
Quark and Gluon Form factors:

Drell−Y an : F̂q(âs,Q
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Two loop results for F̂q and F̂g in SU(N) solves the single pole problem:
GIs have interesting structure:

GI1(ε) = 2(BI1 − γI1) + fI1 +
∞
X

k=1

εkg
I,k
1

GI2(ε) = 2(BI2 − γI2) + fI2 − 2β0g
I,1
1 +

∞
X

k=1

εkg
I,k
2

GIi (ε) = 2(BIi − γIi ) + fIi + O(β, ε) i = 1,2,3 Moch, Vermaseren and Vogt

• γIi are UV anomalous dimensions of F I and

• BIi are collinear anomalous dimensions of twist-2 quark and gluon composite operators.

• The soft anomalous dimensions fIi satisfy

f
g
i =

CA

CF
f
q
i i = 1,2

• It is confirmed by explicit three loop (i = 3) results by Moch, Vermaseren and Vogt
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„
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∂

∂µ
+ β(g)

∂
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«

lnWDY(y) = 2Γcusp(g) lnL(y) + ΓDY(g),

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 appears inGI (ε).
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coupling gs (weak coupling perturbative result).

Adiv(ε) =
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• 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 computedG(λ) andB(λ) to show the
universality

GI (λ) = 2BI (λ) + cI

√
λ

2π

“

− 1 − 2γE + 5 log(2) + 2 log(π) − log(λ)
”
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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 partons remain
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P (âs, q

2,µ2, z, ε) − 2mC ln ΓII (âs,µ
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ZI (âs,µ
2
R ,µ

2, ε)
”2

+ ln
˛

˛F̂ I (âs,Q
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2,µ2, ε)

˛

˛

2

!

δ(1 − z)

+2 Φ I
P (âs, q
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2,µ2

F , z, ε)

• ZI (âs,µ2
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X

j
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=

Z 1
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F ) ,

• The kernel is called Physical Anomalous dimension
• Renormalisation and Factorisation invariant

K(x,Q2) = P(x,as) + β(as)(d1(x) + d2(x)as + d3(x)a
2
s + ...)

d1(x) = c1(x)

d2(x) = 2c2(x) − c
⊗2
1 (x)

d3(x) = 3c3(x) − 3c2(x) ⊗ c1(x) + c
⊗3
1 (x) ,

whereC2,j = δ(1 −x) +
P

k=1 a
k
s ck(x) as ≡ as(Q2),
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Explicit result onC2(x,Q2) upto two loops fixes:

j1 = A1 j2 = A2 + 3CF β0

j02 = A1B
δ
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1

Does not predict anything at two loops! But it predictions at "three loops".
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to the O(a3
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The ansatz thus predicts

1. that the leading O(r0) logarithm at O(a3
s) inK(x,Q2) should be a double logarithm, and

2. that its coefficient should be −2j̄02β0 = −2C2β0 = −2A2
1β0, which can be compared

to the O(a3
s) exact result.

O(a3
s) exact result:

K(x,Q2) = as P0(x) + a2
s [P1(x) −β0 c1(x)]

+ a3
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• we find that ansatz predicts the correct logarithmic structure but with wrong numerical
coefficients.

• it predicts 24C2
F log2(1 −x) instead of the correct 32C2

F log2(1 −x).
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• d2(x) contains less power of logarithms for a given color factor then c2(x). The resulting

necessary cancellations in d2(x) allow to constrain c2(x) given c1(x).

• predicts correctly the leading logarithms ( ln
p(1−x)
1−x and lnp(1 −x)) for a given color factor

in c2(x) and also their coefficients which are equal and opposite
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Grunberg,VR
• d2(x) contains less power of logarithms for a given color factor then c2(x). The resulting

necessary cancellations in d2(x) allow to constrain c2(x) given c1(x).

• predicts correctly the leading logarithms ( ln
p(1−x)
1−x and lnp(1 −x)) for a given color factor

in c2(x) and also their coefficients which are equal and opposite

C2
F CF β0

ln3(1−x)
1−x 8 8 0 0

ln3(1 −x) −8 −8 0 0
ln2(1−x)

1−x −18 −18 −2 −2

ln2(1 −x) 60 64 2 2
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• Using Sudakov resummation of soft and collinear gluons we obtainN3LO soft gluon
corrections to Higgs and Drell-Yan productions.

• Resummed rapidity distributions can be obtained atN3LO level in the soft and collinear
region.

• Structure of single pole terms in the form factors is completely understood.

• Few attempts to resum sub-leading logarithms in the threshold regions.
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