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combining NLO fixed-order computations via POWHEG, with the NLL resummation of energy
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uncertainties, such as the ones coming from finite top- and bottom-quark masses.
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1. Introduction

The discovery of the Higgs boson at the LHC set the stage for a new season of precision
analyses of the Standard Model and of searches for evidence of New Physics. To this extent, a
precise description of Higgs production via gluon fusion in perturbative Quantum Chromodynamics
(QCD) is needed [1, 2]. Higher-order computations are the common basis for accurate studies of
Higgs production within the standard collinear factorization. Nonetheless, a proper description
of Higgs-sensitive final states in kinematic ranges accessible at the LHC as well as the future
FCC rely upon the all-order resummation of logarithms which can be large enough to hamper the
convergence of the perturbative series. In this work we focus on the semi-hard regime [3–5], where
the rigorous scale hierarchy, ΛQCD ≪ {𝑄𝑖} ≪

√
𝑠, brings to the rise of large energy logarithms.

Here, {𝑄𝑖} is a set of process-related hard scales, while
√
𝑠 is the center-of-mass energy. The

Balitsky–Fadin–Kuraev–Lipatov (BFKL) formalism [6, 7] is the well-established reference tool to
perform the all-order resummation of these logarithms with leading-logarithmic (LL) and next-
to-leading logarithmic (NLL) accuracy. The BFKL resummation and its extension to saturation
offer us a chance to unravel the small-𝑥 gluon density in the proton [8–18]. Golden channels
to probe BFKL and high-energy QCD in hadron scattering are the semi-inclusive detections of
two objects with large transverse masses and being separated by a large rapidity distance, Δ𝑌 .
A proper description of these two-particle processes requires the development of a multilateral
approach, where both high-energy and collinear dynamics are at work. Pursuing this goal, a
hybrid high-energy and collinear factorization (HyF) was constructed [19–21] (see also [22–26]
for single-particle emissions). HyF partonic cross sections are cast as convolutions between two
process-dependent impact factors (or emission functions) and the universal NLL BFKL Green’s
function (corresponding to the Sudakov radiator in soft-gluon resummations). Emission functions
are in turn factorized via a convolution of collinear parton distribution functions (PDFs) with singly
off-shell coefficient functions. The state-of-the-art accuracy of HyF is NLL/NLO, which means
that, for the process under investigation, the required coefficient functions must be computed at
fixed next-to-leading order (NLO) accuracy. Contrarily, one must go with a partial next-to-leading
accuracy, labeled as NLL/NLO−, where the Green’s function is at NLL, one coefficient function is
at NLO, and the other one is at LO. Excellent probe channels for the HyF formalism are: Mueller–
Navelet jet tags [27–33], multi-jet detections [34–38], Drell–Yan pairs [39–42], light [43–52] as
well as singly heavy-quark [53–62] hadrons, quarkonia [63–66], and exotic bound states [67]. In
this study we consider the inclusive Higgs-plus-jet reaction [19, 68, 69], which was addressed
via the next-to-NLO perturbative QCD [70, 71] and by the next-to-NLL transverse-momentum
resummation [72]. We present the POWHEG+JETHAD method, a new matching procedure aimed
at combining NLO fixed-order results with the resummation of NLL energy logarithms.

2. Towards Higgs-plus-jet production at NLL/NLO

Recent HyF analyses on the Higgs transverse-momentum (𝑝𝐻) spectrum in inclusive Higgs-
plus-jet detections at the LHC [19] and the future FCC [68] have shown a fair stability under higher-
order corrections and energy-scale variation. At the same time, strong deviations of HyF results
from pure fixed-order predictions emerged, their size being up to two orders of magnitude larger

2



P
o
S
(
E
P
S
-
H
E
P
2
0
2
3
)
3
9
0

Towards Higgs+jet distributions at NLL matched to NLO Francesco Giovanni Celiberto

10−6

10−5

10−4

10−3

10−2

10−1

100

101

d
σ

(p
H
,
∆
Y
,
s
)

d
p
H

[p
b
/
G

e
V

]

20 < pJ/GeV < 60

|yH| < 2.5 ; |yJ | < 4.7

√
s = 14 TeV

NNPDF4.0_nlo

∆Y = 3

JETHAD v0.5.0

p(Pa) + p(Pb)→ H(pH, yH) + X + jet(pJ , yJ)

NLL/NLO∗ JETHAD+POWHEG - finite Mt

NLL/NLO∗ JETHAD+POWHEG - finite Mt +Mb

NLL/NLO∗ JETHAD+POWHEG - Mt → +∞

25 50 75 100 125 150 175 200

pH [GeV]

0.700

0.875

1.050

ra
ti

o

10−5

10−4

10−3

10−2

10−1

100

101

102

d
σ

(p
H
,
∆
Y
,
s
)

d
p
H

[p
b
/
G

e
V

]

20 < pJ/GeV < 60

|yH| < 2.5 ; |yJ | < 4.7

√
s = 100 TeV

NNPDF4.0_nlo

∆Y = 3

JETHAD v0.5.0

p(Pa) + p(Pb)→ H(pH, yH) + X + jet(pJ , yJ)

NLL/NLO∗ JETHAD+POWHEG - finite Mt

NLL/NLO∗ JETHAD+POWHEG - finite Mt +Mb

NLL/NLO∗ JETHAD+POWHEG - Mt → +∞

25 50 75 100 125 150 175 200

pH [GeV]

0.900

0.975

1.050

ra
ti

o

Figure 1: Higgs-plus-jet transverse-momentum rates at 14 (LHC, left) and 100 (FCC, right) collision
energies. Shaded bands exhibit 𝜇𝑅,𝐹 variation in the 1 < 𝐶𝜇 < 2 range. Text boxes are for kinematic cuts.

when 𝑝𝐻 ≳ 120 GeV. To cure this problem, we have developed a pioneering matching procedure
between the NLO fixed-order signal and the NLL resummation, which implements an exact removal,
within the NLL/NLO− accuracy, of the corresponding double counting. Since the NLO forward-
Higgs impact factor [73, 74] still has to be embodied in the JETHAD technology [66, 75, 76], we
will go with a NLL/NLO− description. Our matching scheme is the following [77, 78]

d𝜎NLL/NLO−

(Δ𝑌, 𝜑, 𝑠)︸                       ︷︷                       ︸
NLL/NLO− POWHEG+JETHAD

= d𝜎NLO(Δ𝑌, 𝜑, 𝑠)︸               ︷︷               ︸
NLO POWHEG w/o PS

+ d𝜎NLL− (Δ𝑌, 𝜑, 𝑠)︸                ︷︷                ︸
NLL− resum (HyF)

− Δd𝜎NLL/NLO−

(Δ𝑌, 𝜑, 𝑠)︸                         ︷︷                         ︸
NLL− expanded at NLO︸                                                       ︷︷                                                       ︸

NLL− JETHAD w/o NLO− double counting

.

(1)

A given observable, d𝜎NLL/NLO− , matched at NLL/NLO− (green) by the POWHEG+JETHAD
method, reads as a sum of the NLO fixed-order contribution (gray) from POWHEG [79–83] (without
parton shower (PS) [84–90]) with the NLL− resummed term (blue) from JETHAD. The latter is
the NLL− HyF resummed part (red) minus the NLL− expanded (orange) at NLO, namely without
double counting. As an extension of our preliminary study [77, 78], we present in Fig. 1 results on
the 𝑝𝐻 distribution 14 TeV LHC (left) and 100 TeV FCC (right), and forΔ𝑌 = 3. Our analysis shows
that progressively including effects of finite top (green) and bottom (firebrick) mass corrections has
an almost negligible impact on the distribution when 𝑝𝐻 ≲ 120 GeV (except for the peak region).
Then, it increases with 𝑝𝐻 up to reach almost 70%, thus indicating that mass corrections become
more and more important in the large 𝑝𝐻 tail, as expected.

3. Paving the way towards precision

With the aim of combining NLO fixed-order results with the NLL high-energy resummation,
we presented a first and prototype version of a matching procedure, based on the POWHEG [79–
83] and JETHAD [66, 75, 76] technologies. Future studies are needed to: 1) include NLO
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contributions from the Higgs coefficient function [73, 74], 2) complete our analysis on quark-mass
contributions [91, 92], 3) compare our results with PS [84–89] and HEJ [93, 94] related ones.
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