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We compute at the next-to-leading order level the impact factor for
the production of a forward Higgs boson from a colliding proton. Com-
bined with other forward impact factors, it can be used to describe, at the
next-to-leading logarithmic accuracy, processes in which two objects featur-
ing large separation in rapidity are detected at the Large Hadron Collider
(LHC). As well, combined with a proper definition of the unintegrated gluon
distribution (UGD), it can be used to compute small-x corrections to the
forward Higgs production.
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1. Introduction

The study of high-energy reactions falling in the so-called semi-hard sec-
tor, where the Regge–Gribov scale hierarchy, s ≫ Q2 ≫ Λ2

QCD (s is the
squared center-of-mass energy, Q the hard scale given by the process kine-
matics, and ΛQCD the QCD mass scale) holds, represents an excellent chan-
nel to deepen our knowledge of strong interactions in unexplored kinematic
ranges.

It is well known that, in these kinematic conditions, the aforementioned
hierarchy leads to the growth of logarithmic contributions of the form of
ln s/Q2, which have to be resumed to all orders. The established tool for per-
forming this resumation is the Balitsky–Fadin–Kuraev–Lipatov (BFKL) ap-
proach [1–4], which allows us to perform the resumation in the LLA (leading-
logarithmic approximation), in which all terms (αs ln s)

n are resumed, and in
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the NLLA (next-to-leading logarithmic approximation), in which also terms
αs(αs ln s)

n are included. The BFKL factorization allows us to express the
cross sections as convolutions between a process-independent Green’s func-
tion and two impact factors depicting the transition from each incoming
particle to the outgoing object(s) produced in its fragmentation region. Al-
though the Green function is known in NLLA, to construct full NLLA ob-
servables, one must also know the impact factors up to the next-to-leading
order (NLO). Recent applications of the BFKL formalism to phenomenology
can be found in [5–33].

In the following, we consider the next-to-leading order impact factor for
the production of a forward Higgs.

2. Effective Lagrangian and leading order impact factor

We consider the next-to-leading order corrections to the Higgs impact
factor in the infinite top-mass limit. Within this limit, the calculation can
be greatly simplified by using the effective Lagrangian

LggH = −gH
4
F a
µνF

µν,aH , (1)

where H is the Higgs field, F a
µν = ∂µA

a
ν − ∂νA

a
µ + gfabcAb

µA
c
ν is the field

strength tensor, and

gH =
αs

3πv

(
1 +

11

4

αs

π

)
+O

(
α3
s

)
. (2)

At the leading order, in D = 4 + 2ϵ and at the purely partonic level, the
impact factor (differential in the Higgs kinematical variables) reads

dΦ
{H}(0)
gg (q⃗ )

dzHd2p⃗H
=

g2H
8(1− ϵ)

√
N2 − 1

q⃗ 2δ(1− zH)δ(2)(q⃗ − p⃗H) , (3)

where zH is the longitudinal fraction of the incoming gluon momenta carried
by the Higgs and q (pH) is the Reggeon (Higgs) transverse momenta.

It is established that impact factors of colorless particles are infrared-
safe [34], while impact factors initiated by partons suffer from infrared sin-
gularities (IRs). Since the Higgs impact factor is initiated by partons, we
must introduce a factorization ansatz. We will write the proton-initiated
impact factor as a convolution between the gluon-initiated impact factor
and the gluon PDF (gPDF), i.e.

dΦ
{H}(0)
PP (xH , p⃗H , q⃗ )

dxHd2p⃗H
=

1∫
xH

dzH
zH

fg

(
xH
zH

)
dΦ

{H}(0)
gg (zH , p⃗H , q⃗ )

dzHd2p⃗H
, (4)
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where xH is the longitudinal fraction of the incoming proton momenta car-
ried by the Higgs.

3. Real corrections

At the next-to-leading order, the Higgs can be produced both from a
quark or from a gluon (see Fig. 1). In the quark case, the correction to the
impact factor is

dΦ
{Hq}
qq (q⃗ )

dzHd2p⃗H
=

√
N2 − 1

16N(2π)D−1

g2g2H
(r⃗ 2)2

[
4(1− zH) (r⃗ · q⃗ )2 + z2H q⃗ 2r⃗ 2

zH

]
, (5)

where r⃗ = q⃗ − p⃗H . As expected, we have collinear divergences when r⃗
(transverse momenta of the outgoing quark) goes to zero.

Fig. 1. Two diagrams contributing to real corrections.

In the gluon case, the correction is

dΦ
{Hg}
gg (q⃗ )

dzHd2pH
=

g2g2HCA

8(2π)D−1(1− ϵ)
√
N2 − 1

2q⃗ 2

r⃗ 2

×
[

zH
1− zH

+ zH(1− zH) + 2(1− ϵ)
(1− zH)

zH

(q⃗ · r⃗ )2

q⃗ 2r⃗ 2

]
θ (sΛ − sgR) + finite ,

(6)

where

sgR =
(1− zH)m2

H + ∆⃗2

zH(1− zH)
, with ∆⃗ = p⃗H − zH q⃗ . (7)

In Eq. (6), we have only reported on the part of the impact factor which
contains divergences. In this case, we have the rapidity regulator sΛ in
the argument of a Heaviside theta function that prevents zH from reaching
the value of one1 when we convolve this contribution with the gPDF as in
Eq. (4).

1 Please note that when zH reaches one, the longitudinal fraction of the outgoing gluon
reaches zero.
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In Eq. (6), we face three types of divergence: (1) Rapidity for zH → 1;
(2) Soft for zH → 1 and r⃗ → 0; (3) Collinear for r⃗ → 0.

This result agrees with an independent calculation in the Lipatov effec-
tive action framework [31].

4. Virtual corrections

The virtual corrections are extracted by computing the high-energy limit
of a test amplitude in which the gluon quantum number is exchanged in the
t-channel and by comparing it with the form expected from a Reggeization
ansatz. In our case, we use the diffusion of a gluon off a quark to produce a
Higgs plus a quark. Two Feynman diagrams contributing to the process are
shown in Fig. 2. The virtual correction to the impact factor reads

dΦ
{H}(1)
gg

dzH d2p⃗H
=

dΦ
{H}(0)
gg

dzH d2p⃗H

ᾱs

2π

(
q⃗ 2

µ2

)−ϵ [
−CA

ϵ2
+

11CA − 2nf

6ϵ

−CA

ϵ
ln

(
q⃗ 2

s0

)
−

5nf

9
+ CA

(
2ℜ

(
Li2

(
1 +

m2
H

q⃗ 2

))
+

π2

3
+

67

18

)
+ 11

]
. (8)

Once this result is established, one must observe the cancellation of diver-
gences. An elegant method is a projection onto the LO eigenfunctions of the
BFKL kernel, i.e.∫

d2−2ϵq

π
√
2

(
q⃗ 2

)iν− 3
2 einϕdΦ

(0)
AA(q⃗ ) ≡ dΦ

(0)
AA(n, ν) . (9)

Fig. 2. Two diagrams contributing to virtual corrections.

After the projection, also divergences in the real part appear as poles in ϵ
and their cancellation can be observed. The cancellation procedure takes
place as follows:

— The rapidity divergence appearing in the real gluon part is removed
by a suitable BFKL counterterm.

— Ultraviolet singularities (UVs) are taken care of by the renormalization
of the QCD coupling.
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— Soft singularities cancel out when we combine real and virtual correc-
tions, as guaranteed by the Kinoshita–Lee–Nauenberg (KNL) theorem.

— The residual IRs, which are of collinear nature, are removed by renor-
malizing the gPDF.

The final result can be expressed in terms of special functions and finite
one-dimensional integrals of hypergeometric functions (see [32]).

The virtual corrections to the impact factor in the Lipatov effective ac-
tion framework have been computed in [35].

5. Modification of Gribov prescription

It is interesting to note that the use of an effective Lagrangian containing
an operator of dimension 5 requires a modification of the technique intro-
duced in renormalizable theories for extracting the high-energy behaviour of
amplitudes. In Feynman gauge, the replacement

gµν = gµν⊥⊥ + 2
kµ1k

ν
2 + kµ2k

ν
1

s
→ 2

kµ2k
ν
1

s
, (10)

known as the Gribov trick, cannot be safely applied to any t-channel gluon.
In particular, for diagrams where a single gluon connects the two rapidity

regions, the trick can be safely applied, while for diagrams with two gluons
exchanged in the t-channel, the transverse part of the metric tensor should
be kept in any gluon propagator directly connected to the effective vertex.
For those propagators, one should use the modified Gribov prescription

gµν = gµν⊥⊥ + 2
kµ1k

ν
2 + kµ2k

ν
1

s
→ gµν⊥⊥ + 2

kµ2k
ν
1

s
. (11)

6. Summary and outlook

In this work, we have presented the next-to-leading order corrections to
the forward Higgs boson impact factor in the infinite top-mass limit. The
current result can be directly applied to the investigation of new processes at
the LHC. The immediate application of this work on the phenomenological
side is to consider the Higgs plus jet production in the high-energy limit
within NLLA. More formal perspectives are instead the inclusion of finite
top-mass corrections and the calculation of the vertex for the production of
the Higgs in the central region of rapidity.

The author is grateful to his colleagues Francesco G. Celiberto, Dmitry
Yu. Ivanov, Mohammed M.A. Mohammed, Alessandro Papa with whom
this work was developed in [32], and also to Maxim Nefedov for many useful
discussion and for continuing interest.
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