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Abstract

We use Lipatov’s high energy effective action to determine the next-to-leading order
corrections to Higgs production in the forward region. As a new element we provide a
proper definition of the desired next-to-leading order coefficient within the high energy
effective action framework, extending a previously proposed prescription. We further
propose a subtraction mechanism to achieve for this coefficient a stable cancellation
of real and virtual infra-red singularities in the presence of external off-shell legs and
discuss aspects related to choice of a reference scale for high energy resummation.
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1 Introduction

In this contribution we present our result on the next-to-leading order corrections to the coef-
ficient for the production of a Higgs boson using the framework of high energy factorization.
In particular our result is suitable to describe production of a Higgs boson in the forward direc-
tion of one of the scattering protons. The results presented here have been derived in [7] and
make use of high energy effective action proposed by Lipatov [1] as well as the calculational
framework developed in [2–6]. While our result has a direct application for the description of
high energy resummed Higgs-jet configurations, as studied in [8], it is further of importance
for the further development of the study of transverse momentum dependent (TMD) split-
ting kernels [9–11]and the TMD gluon distribution at low x [12], for which the Higgs boson
provides a suitable color singlet state.
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Figure 1: Kinematics for the leading order and virtual corrections (left); real next-
to-leading order corrections (right). For a NLO quark final state, the intial and final
gluon with momenta pa and r respectively are to be replaced by quark lines. The
lines pa and k are in-coming, while p and r are out-going; figure taken from [7].

2 Conventions

To settle our conventions, we consider a process in which two hadrons A and B with light-
like momenta pA,B = p±A,Bn∓/2 are scattering. The hadron momenta serve then to define
light-cone directions n±; the center of mass energy is within our conventions obtained asp

s =
Æ

p+A p−B . In the following we will present our results for inclusive production of an on-
shell Higgs boson in the fragmentation region of hadron A; partons of hadron A are therefore
characterized by relatively large values of hadron momentum fractions xA ∼ 0.1, while partons
of hadron B have small momentum fractions xB < 10−2, which implies the necessity to resum
logarithmically enhanced terms αs ln(1/xB), where αS denotes the strong coupling constant.
The four momentum of the Higgs boson p and its rapidity ηH are parameterized as

p = xH pA+
M2

H + p2

xHs
pB + pT , ηH = ln

xH p+A
q

M2
H + p2

, (1)

where p2
T = −p2 is the Higgs transverse momentum squared and xH the proton momentum

fraction, see also Fig. 1. To describe the coupling of the Higgs boson to the gluonic field,
we make use of the heavy top limit which leads to the following effective Lagrangian, which
describes the coupling of a Higgs boson to the gluonic field [13,14],

Leff = −
1
4

gH HF a
µνFµνa . (2)

Here H denotes the scalar (Higgs) field and gH the effective Higgs-gluon coupling, which at
reads at 1-loop as [15,16]

gH = −
αs

3πv

�

1+
αs

4π
11
�

+O(α3
s ) . (3)

Since the top quarks is no longer a dynamical degree of freedom, the strong coupling αs is
evaluated for n f = 5 flavors; v2 = 1/(

p
2GF ) and GF denotes the Fermi constant. In the

following we present our results which have been obtained under the assumption that multiple
(reggeized) gluon exchange is still subleading. We have

d3σ

d2pd xH
=

∫ 1

xH

dz
z

∑

a=q,g

fa

� xH

z
,µ2

F

�

∫

d2k
π

dĈag∗→H(µ2
F ,ηa; z, k)

d2pd xH
G(B)(ηa, k), (4)

where G(B)(ηa, k) denotes the unintegrated gluon distribution of hadron B. It parameterizes
non-perturbative input of hadron B and is subject to BFKL evolution; ηa is a factorization

136.2

https://scipost.org
https://scipost.org/SciPostPhysProc.8.136


SciPost Phys. Proc. 8, 136 (2022)

parameter associated with the highest gluon rapidity absorbed into G(B)(ηa, k). For our con-
vention for momenta see Fig. 1. We further use 0 < z < 1 to parameterize the momentum
fraction of the intial parton, carried on by the Higgs particle.

3 Results

We present our result for the differential cross section,

d3σ

d xH d2p
=

∫

d2r
π

∫ 1

xH

dz
z

∑

a=q,g

fa

� xH

z
,µ2

F

� d3ĈN LO
ag∗→H

d xH d2p
G
�

ηa, (r + p)2
�

, (5)

where G(ηa, k) is the transverse momentum dependent unintegrated gluon density with k the
transverse momentum and ηa the evolution parameter. The results for the coefficient were
originally published in [7]. Here we reproduce these results, correcting two minor typing
errors:

d3ĈN LO
ag∗→H

d xH d2p
= σ0

 

d3Ĉ (0)ag∗→H

d xH d2p
+
αs

2π

d3Ĉ (1)g∗→H

d xH d2p
+ . . .

!

, a = q, g (6)

with

d3Ĉ (0)g g∗→H

d xH d2p
= δ(2)(r )δ(1− z),

d3Ĉ (0)qg∗→H

d xH d2p
= 0, (7)

and

d3Ĉ (1)g g∗→H(z, r , p;ηa,µF ,µ)

d xH d2p
=

= δ(1− z)

�

2CA

��

ln
(1− xH)p+Ap

r 2
−ηa

�

1
r 2

�

+
+δ(2)(r )

�

11−
β0

2
ln

p2

µ2
−

5n f

9

+ CA

�

67
18
+ 2Li2

�

1−
M2

H

p2

�

−
π2

12

��

�

+
H f in.

g gH(z, p, r )

k2
+

�

P̂ r
g g(z, p, r )

r 2

�

+

+δ(2)(r )
�

CA
1− z

z
(4 ln2− 2)− ln

µ2
F

µ2
Pg g(z)

�

(8)

while
∫

d2r
π

�

κ(r )
r 2

�

+
G((p + r )2)≡

∫

d2r
π

κ(r )
r 2

�

G(p + r )2)−
p2G(p2)

r 2 + (p + r )2

�

, (9)

describes a novel plus prescription for convolutions in transverse momentum space, as the
occur within high energy factorization. Finally

d3Ĉ (1)qg∗→H(z, r , p;ηa,µF ,µ)

d xH d2p
= δ(2)(r )

�

CF
1− z

z
(4 ln 2− 4)− ln

µ2
F

µ2
Pgq(z)

�

+
H f in.

qqH (z, p, r )

k2
+

�

P̂ r
qg(z, p, r )

r 2

�

+

. (10)
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Furthermore

H f in.
g gH(z, p, r ) =

2CA

z(1− z)

§(1− z)2z2M4
H

2

�

1

∆2 + (1− z)M2
H

+
1

p2 + (1− z)M2
H

�2

−
2z2(p ·∆)2

(p2 + (1− z)M2
H)(∆

2 + (1− z)M2
H)
−

2z(1− z)2M2
H

∆2 + (1− z)M2
H

−
2z(1− z)2M2

H

p2 + (1− z)M2
H

−
(1− z)zM2

H(k · r )z
2 + 2z3(∆ · r )(∆ · k)

r 2(∆2 + (1− z)M2
H)

+
(1− z)zM2

H(k · r )z
2 + 2z3(p · r )(p · k)

r 2(p2 + (1− z)M2
H)

+ 2z2
ª

+ 4CA
k2

r 2

�

(1− z)
z

(k · r )2

k2r 2
−
(1− z)

z
(p · r )2

p2r 2

�

,

H f in.
qqH (z, p, r ) = 4CF

k2

r 2

�

(1− z)
z

(k · r )2

k2r 2
−
(1− z)

z
(p · r )2

p2r 2

�

, (11)

and

∆= zr − (1− z)p k = p + r . (12)

4 Conclusions

In this contribution we presented the next-to-leading order coefficient for forward Higgs pro-
duction in the infinite top mass limit. Future studies will address its numerical properties as
well as questions related to the setting of the high energy factorization scale.

Acknowledgments

I am very thankful to K. Kutak and A. van Hameren for collaboration on this topic. Support by
Consejo Nacional de Ciencia y Tecnología grant number A1 S-43940 (CONACYT-SEP Ciencias
Básicas) is gratefully acknowledged.

References

[1] L. N. Lipatov, Gauge invariant effective action for high energy processes in QCD, Nucl. Phys.
B 452, 369 (1995), doi:10.1016/0550-3213(95)00390-E.

[2] M. Hentschinski and A. Sabio Vera, Next-to-leading order jet vertex from Lipatov’s QCD
effective action, Phys. Rev. D 85, 056006 (2012), doi:10.1103/PhysRevD.85.056006.

[3] M. Hentschinski, Pole prescription of higher order induced vertices in Lipatov’s QCD effective
action, Nucl. Phys. B 859, 129 (2012), doi:10.1016/j.nuclphysb.2012.02.001.

[4] G. Chachamis, M. Hentschinski, J. D. Madrigal Martínez and A. Sabio Vera, Next-to-
leading order corrections to the gluon-induced forward jet vertex from the high energy effec-
tive action, Phys. Rev. D 87, 076009 (2013), doi:10.1103/PhysRevD.87.076009.

[5] G. Chachamis, M. Hentschinski, J. D. Madrigal Martínez and A. Sabio Vera, Quark con-
tribution to the gluon Regge trajectory at NLO from the high energy effective action, Nucl.
Phys. B 861, 133 (2012), doi:10.1016/j.nuclphysb.2012.03.015.

136.4

https://scipost.org
https://scipost.org/SciPostPhysProc.8.136
https://doi.org/10.1016/0550-3213(95)00390-E
https://doi.org/10.1103/PhysRevD.85.056006
https://doi.org/10.1016/j.nuclphysb.2012.02.001
https://doi.org/10.1103/PhysRevD.87.076009
https://doi.org/10.1016/j.nuclphysb.2012.03.015


SciPost Phys. Proc. 8, 136 (2022)

[6] G. Chachamis, M. Hentschinski, J. D. Madrigal Martínez and A. Sabio Vera, Gluon Regge
trajectory at two loops from Lipatov’s high energy effective action, Nucl. Phys. B 876, 453
(2013), doi:10.1016/j.nuclphysb.2013.08.013.

[7] M. Hentschinski, K. Kutak and A. van Hameren, Forward Higgs production within high
energy factorization in the heavy quark limit at next-to-leading order accuracy, Eur. Phys.
J. C 81, 112 (2021), doi:10.1140/epjc/s10052-021-08902-6.

[8] F. G. Celiberto, D. Yu. Ivanov, M. M. A. Mohammed and A. Papa, High-energy resummed
distributions for the inclusive Higgs-plus-jet production at the LHC, Eur. Phys. J. C 81, 293
(2021), doi:10.1140/epjc/s10052-021-09063-2.

[9] O. Gituliar, M. Hentschinski and K. Kutak, Transverse-momentum-dependent quark split-
ting functions in kT -factorization: real contributions, J. High Energy Phys. 01, 181 (2016),
doi:10.1007/JHEP01(2016)181.

[10] M. Hentschinski, A. Kusina and K. Kutak, Transverse momentum dependent split-
ting functions at work: Quark-to-gluon splitting, Phys. Rev. D 94, 114013 (2016),
doi:10.1103/PhysRevD.94.114013.

[11] M. Hentschinski, A. Kusina, K. Kutak and M. Serino, TMD splitting functions in kT fac-
torization: the real contribution to the gluon-to-gluon splitting, Eur. Phys. J. C 78, 174
(2018), doi:10.1140/epjc/s10052-018-5634-2.

[12] M. Hentschinski, Transverse momentum dependent gluon distribution within high
energy factorization at next-to-leading order, Phys. Rev. D 104, 054014 (2021),
doi:10.1103/PhysRevD.104.054014.

[13] J. Ellis, M. K. Gaillard and D. V. Nanopoulos, A phenomenological profile of the Higgs boson,
Nucl. Phys. B 106, 292 (1976), doi:10.1016/0550-3213(76)90382-5.

[14] M. A. Shifman, A. I. Vainshtein, M. B. Voloshin and V. I. Zakharov, Low-Energy Theorems
for Higgs Boson Couplings to Photons, Sov. J. Nucl. Phys. 30, 711 (1979).

[15] S. Dawson, Radiative corrections to Higgs boson production, Nucl. Phys. B 359, 283
(1991), doi:10.1016/0550-3213(91)90061-2.

[16] V. Ravindran, J. Smith and W. L. van Neerven, Next-to-leading order QCD corrections to
differential distributions of Higgs boson production in hadron–hadron collisions, Nucl. Phys.
B 634, 247 (2002), doi:10.1016/S0550-3213(02)00333-4.

136.5

https://scipost.org
https://scipost.org/SciPostPhysProc.8.136
https://doi.org/10.1016/j.nuclphysb.2013.08.013
https://doi.org/10.1140/epjc/s10052-021-08902-6
https://doi.org/10.1140/epjc/s10052-021-09063-2
https://doi.org/10.1007/JHEP01(2016)181
https://doi.org/10.1103/PhysRevD.94.114013
https://doi.org/10.1140/epjc/s10052-018-5634-2
https://doi.org/10.1103/PhysRevD.104.054014
https://doi.org/10.1016/0550-3213(76)90382-5
https://doi.org/10.1016/0550-3213(91)90061-2
https://doi.org/10.1016/S0550-3213(02)00333-4

	Introduction
	Conventions
	Results
	Conclusions
	References

