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Abstract

We present precise theoretical results for the ZH production cross section and invariant
mass distribution at the Large Hadron Collider (LHC) taking into account the effects of
soft gluons. We improve both quark-initiated and gluon-initiated subprocesses through
threshold resummation within the QCD framework and present combined results rele-
vant for 13.6 TeV LHC.
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1 Introduction

The associated production of the Higgs boson with a Z boson at the Large Hadron Collider
(LHC) plays a crucial role in probing the Higgs couplings to the electroweak gauge bosons.
Both the ATLAS and CMS collaborations are actively pursuing precision measurements of this
process [1–4]. To fully exploit the experimental precision, equally precise theoretical predic-
tions are essential. The dominant production mode for ZH in LHC is through the Drell-Yan
(DY) type quark-antiquark annihilation (qq̄→ Z∗→ ZH) for which the higher order Quantum
Chromodynamics (QCD) correction has been known to next-to-next-to-next-to-leading order
(N3LO) [5] accuracy. In addition to the DY-type contribution, other subprocesses also con-
tribute to ZH production, such as bottom quark annihilation [6] and top quark loop–induced
contribution [7]. However, these contributions are subleading, typically contributing at the
sub-percent level relative to the NLO QCD DY-type prediction. Electroweak (EW) corrections
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to the DY-type channel have also been computed at NLO [8], yielding a negative correction of
approximately 5% relative to the NLO QCD result. Starting from N2LO, the ZH production
receives contributions from the gluon fusion channel. Although this subprocess is suppressed
by two powers of the strong coupling constant (αS) relative to the DY-type channel, the sup-
pression is largely offset by the substantial gluon luminosity at the LHC, leading to a significant
overall contribution.

Given its growing importance, the gluon fusion subprocess (g gZH) has been extensively
studied in the literature at both leading order (LO) [9–12] and next-to-leading order (NLO)
[13–21]. At NLO, the total cross section of this channel roughly doubles compared to the
prediction of LO, while the theoretical uncertainty due to renormalization and factorization
scale variations is reduced to about 15%. The fixed order results thus suffer from the large
threshold logarithms arising from soft gluons emission. Indeed, the threshold soft-virtual
(SV) logarithms at NLO can contribute to 90− 99% of the complete NLO results in the range
Q = 350−2000 GeV.1 By resumming these SV logarithms to all orders, one obtains predictions
that are stable and well-behaved across the relevant kinematic regions. The formalism for
threshold resummation is well established in the literature [24–35], and has been successfully
applied to improve theoretical predictions for both inclusive cross-sections and differential
observables such as invariant mass distributions.

In this report, we present an improved theoretical description of the ZH process at LHC
by incorporating threshold resummation effects at the SV level for gluon fusion as well as for
the DY-type channels to ZH production. Our analysis [36] covers both the total cross-section
and the invariant mass distribution of the ZH pair. We employ the Born-improved gluon fu-
sion framework, which has proven effective in the case of inclusive Higgs production, and
we expect it to yield similarly reliable results for the ZH channel. The article is organized as
follows: In Section 2, we introduce the key theoretical formulas. In Section 3, we provide a
phenomenological study for the gluon fusion subprocess, combining it with DY-type contribu-
tions to present complete results for pp collisions with O(α3

s ) accuracy. Finally, we conclude
in Section 4.

2 ZH production at the LHC

The hadronic cross-section for ZH production at LHC can be written as,

Q2 dσ
dQ2

=
∑

a,b

∫ 1

0

dx1

∫ 1

0

dx2 fa(x1,µ2
F ) fb(x2,µ2

F )

∫ 1

0

dz δ (τ− zx1 x2)Q
2 dbσab(z,µ2

F )

dQ2
, (1)

where fa,b are the parton distribution functions (PDFs) for parton a, b in the incoming protons
and bσab is the partonic coefficient function. The hadronic and partonic threshold variables
τ = Q2/S and z = Q2/bs are defined in terms of respective center-of-mass energies S and bs.
Here Q is the invariant mass of the ZH system and µF is the factorization scale. The partonic
coefficient function can be decomposed in soft-virtual (∆SV

ab) and regular (∆REG
ab ) parts at each

order in αS . The SV part contains all dominant singular contribution in the limit z→ 1 whereas
the regular part contains sub-dominant contributions. The SV logarithms can be resummed in
Mellin-N space and corresponding resummed partonic coefficient takes the form,

1

bσ
(0)
ab (Q

2)
Q2

dbσNnLL
N ,ab

dQ2
=

∫ 1

0

dz zN−1∆SV
ab(z)≡ g0(Q

2)exp
�

GSV
N

�

. (2)

1Similar observation has also been made for the DY [22] and Higgs [23] processes.
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The function GSV
N contains the universal threshold exponent and determines the resummed

accuracy through its expansion (see for example in [37–39]). The constant g0(Q2) contains
the process-dependent information (see [36,39]). Using minimal prescription [40] for Mellin
inversion, one can finally find resummed results in the physical z-space which can be also
matched to the corresponding fixed order results to incorporate missing regular corrections,

Q2
dσNnLO+NnLL

ab

dQ2
=Q2

dσNnLO
ab

dQ2
+
∑

ab∈{g g,qq̄}

bσ
(0)
ab (Q

2)

∫ c+i∞

c−i∞

dN
2πi
τ−N fa,N (µF ) fb,N (µF )

×

�

Q2
dbσNnLL

N ,ab

dQ2
−Q2

dbσNnLL
N ,ab

dQ2

�

�

�

�

tr

�

.

(3)

Other prescriptions, for instance the Borel prescription [41–43], may lead to differences with
respect to the minimal prescription that are confined to subleading terms.

3 Results

All the ingredients necessary for performing soft-gluon resummation in both the gluon fusion
and Drell–Yan (DY)–type subprocesses for ZH production are available in [36, 39], and can
be used to quantitatively assess their impact at 13.6 TeV LHC. Our choice of parameters are
given below:

p
S = 13.6 TeV , PDF= PDF4LHC21_40 [44] , αS(mZ) = 0.1180 ,

α≃ 1/127.93 , mZ = 91.1880 GeV , ΓZ = 2.4955 GeV ,

mW = 80.3692 GeV , mt = 172.57 GeV , mH = 125.2 GeV .

(4)

The weak mixing angle is then determined by sin2θw = (1 − m2
W/m

2
Z) corresponding to the

Fermi constant GF ≃ 1.2043993808 × 10−5 GeV−2. To account for different types of uncer-
tainties, we have used the following formulas;

δ(PDF) =

� 40
∑

i=1

(σ(i)−σ(0))2
�1/2

, (5a)

δ(αs) =

�

�

�

�

3
4

σ(αc
s (mZ) = 0.119)−σ(αc

s (mZ) = 0.117)

σ(αc
s (mZ) = 0.118)

�

�

�

�

, (5b)

δ(PDF+αs) =
Æ

δ(αs)2 +δ(PDF)2 . (5c)

For the scale uncertainty, we use seven-point scale variation where we vary both µR and µF by
factor 2 or 1/2 around the central value with constraints | ln(µR/µF )| ≤ ln(2).

The fixed-order results for DY and gluon fusion channel have been computed using the
publicly available code n3loxs [5] and vh@nnlo [13,45,46] respectively. In the left-top panel
of Fig. 1, we present contributions for gluon fusion channels [36] along with the seven-point
scale uncertainties around central scales (µc

R,µc
F ) = (Q,Q). To quantify the enhancement due

to resummation, we take the ratio with respect to NLO which are shown in the left-bottom
panel of Fig. 1. The enhancement due to resummation in the higher-Q region is about 40% for
g g subprocess compared to respective NLO g gZH result. There is also a significant reduction
in the scale uncertainty after inclusion of the threshold effects, by 5.0%. In the right-top panel
of Fig. 1, we show such a comparison for the scale uncertainty of g g subprocess at NLO and
NLO+NLL. In the right bottom panel, we present the intrinsic PDF uncertainty for both NLO
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Figure 1: The contribution from g g subprocess is shown for fixed order and re-
summed cases with the corresponding uncertainties.

and NLO+NLL which stays similar for both fixed order and resummed case and amounts to
below 2% in the low-invariant mass region.

For completeness, we combine the gluon fusion and DY-type contributions to obtain the full
pp→ ZH results atO(α3

s ) level. Particularly, for the fixed order case, we combine the N3LO DY
contribution to NLO g g contribution to have total N3LO results and in the resummation case,
we combine the N3LL DY [39] contribution to NLL g g contribution to have total N3LO+N3LL
results. These combined results are shown in Fig. 2. The right panel of Fig. 2 reflects the
corresponding seven-point scale uncertainty and intrinsic PDF uncertainty. We observe that
the scale uncertainty remains below 10% around ZH threshold, while the PDF uncertainty
stays below 2% in the same region.

Finally, in Table 1, we present the total cross-sections including resummation effects from
g g, DY-type and their combined contribution (tot). The later contains, not only the g g and DY-
type resummation effects, but also all fixed order results including g g at NLO, DY-type at N3LO,
contributions from bottom quark annihilation [6], top-loop–induced processes [7], where the
Higgs boson is radiated from a closed top-quark loop. We present the enhancement due to
resummation over fixed order through∆(RESUM) = (RESUM−FO)/FO×100%. Additionally,
we report the associated theoretical uncertainties: the seven-point scale variation, intrinsic
PDF uncertainties, and those arising from the strong coupling constant. For the later, we
use a 1σ variation

�

α±S (mZ) = αc
S(mZ)± 0.0015

�

of strong coupling around its central value

Table 1: Inclusive resummed cross-sections for ZH are presented (for g g, DY type
and, total) for 13.6 TeV with scale, PDF and αs uncertainties. σN3LO+N3LL

tot contains
both fixed order and resummed results from g g and DY-type as well as contributions
from top-loop and bottom annihilation channels at fixed order.

Order Central (fb) ∆(RESUM) δ(Scale) δ(PDF) δ(αs) δ(PDF + αs)

σNLO+NLL
g g 151.3 21.29% ±19.4% ±0.7% ±2.3% ±2.4%

σN3LO+N3LL
DY 841.6 0.01% ±0.6% ±0.8% ±0.8% ±1.1%

σN3LO+N3LL
tot 1004.2 2.72% ±3.0% ±0.6% ±1.0% ±1.2%
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Figure 2: The total contributions for the pp→ ZH process (combination of DY-type
and g g subprocess) and the corresponding uncertainties.

αc
S(mZ) = 0.118. The cross-section for α±S (mZ) has been computed from the subsets 41, 42

according to PDF4LHC recommendation [44]. The combined PDF+αS uncertainty is obtained
by adding the individual contributions in quadrature. We observe that the largest source of
uncertainty arises from the scale variation in gluon fusion channel, which remains sizable at
about 19% at NLO+NLL level, indicating the need for further improvements through higher-
order computation.

4 Conclusion

To summarize, we have studied the impact of soft gluon resummation on ZH production at
the LHC, focusing in particular on the gluon fusion subprocess. For this channel, we em-
ployed the Born-improved NLO framework and matched it with next-to-leading logarithmic
(NLL) resummed results. Our analysis shows that soft-virtual (SV) resummation yields an ad-
ditional enhancement of approximately 20− 40% over the fixed-order NLO prediction in the
kinematic region considered. Furthermore, the seven-point scale uncertainty is reduced by
about 5% compared to the NLO result, with the most notable improvement occurring in the
high-Q regime. We have also assessed the uncertainty associated with PDFs in the resummed
predictions, finding it to be below 2% in the low invariant mass region.

Finally, to provide experimentally relevant predictions, we combine contributions from all
relevant subprocesses—including soft gluon resummation effects in both the g gZH and DY-
type channels, and present results for the invariant mass distribution and total production
cross section at the 13.6 TeV LHC.

Acknowledgments

Funding information This research has been supported by the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) under grant 396021762 - TRR 257 (Particle Physics
Phenomenology after Higgs discovery.), the SERB Core Research Grant (CRG) under the project
CRG/2021/005270, the Royal Society (URF/R/231031) and the STFC (ST/X003167/1 and
ST/X000745/1).

5

https://scipost.org
https://scipost.org/SciPostPhysCommRep.14


SciPost Phys. Comm. Rep. 14 (2025)

References

[1] ATLAS collaboration: G. Aad et al., Measurements of W H and ZH production in
the H → bb̄ decay channel in pp collisions at 13 TeV with the ATLAS detector,
Eur. Phys. J. C 81, 178 (2021), doi:10.1140/epjc/s10052-020-08677-2 [preprint
doi:10.48550/arXiv.2007.02873].

[2] CMS collaboration: A. Hayrapetyan et al., Search for ZZ and ZH production in the bb̄bb̄
final state using proton-proton collisions at

p
s = 13 TeV, Eur. Phys. J. C 84, 712 (2024),

doi:10.1140/epjc/s10052-024-13021-z [preprint doi:10.48550/arXiv.2403.20241].

[3] CMS collaboration: A. Hayrapetyan et al., Search for Higgs boson pair produc-
tion with one associated vector boson in proton-proton collisions at

p
s = 13 TeV,

J. High Energy Phys. 10, 061 (2024), doi:10.1007/JHEP10(2024)061 [preprint
doi:10.48550/arXiv.2404.08462].

[4] ATLAS collaboration: G. Aad et al., Measurements of W H and ZH production with Higgs
boson decays into bottom quarks and direct constraints on the charm Yukawa coupling
in 13TeV pp collisions with the ATLAS detector, J. High Energy Phys. 04, 075 (2025),
doi:10.1007/JHEP04(2025)075 [preprint doi:10.48550/arXiv.2410.19611].

[5] J. Baglio, C. Duhr, B. Mistlberger and R. Szafron, Inclusive production cross sections at
N3LO, J. High Energy Phys. 12, 066 (2022), doi:10.1007/JHEP12(2022)066 [preprint
doi:10.48550/arXiv.2209.06138].

[6] T. Ahmed, A. H. Ajjath, L. Chen, P. K. Dhani, P. Mukherjee and V. Ravindran, Po-
larised amplitudes and soft-virtual cross sections for bb̄ → ZH at NNLO in QCD,
J. High Energy Phys. 01, 030 (2020), doi:10.1007/JHEP01(2020)030 [preprint
doi:10.48550/arXiv.1910.06347].

[7] O. Brein, R. V. Harlander, M. Wiesemann and T. Zirke, Top-quark mediated effects in
hadronic Higgs-Strahlung, Eur. Phys. J. C 72, 1868 (2012), doi:10.1140/epjc/s10052-
012-1868-6 [preprint doi:10.48550/arXiv.1111.0761].

[8] M. L. Ciccolini, S. Dittmaier and M. Krämer, Electroweak radiative corrections to asso-
ciated W H and ZH production at hadron colliders, Phys. Rev. D 68, 073003 (2003),
doi:10.1103/PhysRevD.68.073003 [preprint doi:10.48550/arXiv.hep-ph/0306234].

[9] D. A. Dicus and C. Kao, Higgs-boson–Z0 production from gluon fusion,
Phys. Rev. D 38, 1008 (1988), doi:10.1103/PhysRevD.38.1008 [erratum
doi:10.1103/PhysRevD.42.2412].

[10] B. A. Kniehl, Associated production of Higgs and Z bosons from gluon fusion in hadron
collisions, Phys. Rev. D 42, 2253 (1990), doi:10.1103/PhysRevD.42.2253.

[11] B. A. Kniehl, On the decay mode Z→H g g, Phys. Rev. D 42, 3100 (1990),
doi:10.1103/PhysRevD.42.3100.

[12] B. A. Kniehl and C. P. Palisoc, Associated production of Z and neutral Higgs
bosons at the CERN Large Hadron Collider, Phys. Rev. D 85, 075027 (2012),
doi:10.1103/PhysRevD.85.075027 [preprint doi:10.48550/arXiv.1112.1575].

[13] L. Altenkamp, S. Dittmaier, R. V. Harlander, H. Rzehak and T. J. E. Zirke, Gluon-induced
Higgs-strahlung at next-to-leading order QCD, J. High Energy Phys. 02, 078 (2013),
doi:10.1007/JHEP02(2013)078 [preprint doi:10.48550/arXiv.1211.5015].

6

https://scipost.org
https://scipost.org/SciPostPhysCommRep.14
https://doi.org/10.1140/epjc/s10052-020-08677-2
https://doi.org/10.48550/arXiv.2007.02873
https://doi.org/10.1140/epjc/s10052-024-13021-z
https://doi.org/10.48550/arXiv.2403.20241
https://doi.org/10.1007/JHEP10(2024)061
https://doi.org/10.48550/arXiv.2404.08462
https://doi.org/10.1007/JHEP04(2025)075
https://doi.org/10.48550/arXiv.2410.19611
https://doi.org/10.1007/JHEP12(2022)066
https://doi.org/10.48550/arXiv.2209.06138
https://doi.org/10.1007/JHEP01(2020)030
https://doi.org/10.48550/arXiv.1910.06347
https://doi.org/10.1140/epjc/s10052-012-1868-6
https://doi.org/10.1140/epjc/s10052-012-1868-6
https://doi.org/10.48550/arXiv.1111.0761
https://doi.org/10.1103/PhysRevD.68.073003
https://doi.org/10.48550/arXiv.hep-ph/0306234
https://doi.org/10.1103/PhysRevD.38.1008
https://doi.org/10.1103/PhysRevD.42.2412
https://doi.org/10.1103/PhysRevD.42.2253
https://doi.org/10.1103/PhysRevD.42.3100
https://doi.org/10.1103/PhysRevD.85.075027
https://doi.org/10.48550/arXiv.1112.1575
https://doi.org/10.1007/JHEP02(2013)078
https://doi.org/10.48550/arXiv.1211.5015


SciPost Phys. Comm. Rep. 14 (2025)

[14] A. Hasselhuhn, T. Luthe and M. Steinhauser, On top quark mass effects to g g → ZH at
NLO, J. High Energy Phys. 01, 073 (2017), doi:10.1007/JHEP01(2017)073 [preprint
doi:10.48550/arXiv.1611.05881].

[15] J. Davies, G. Mishima and M. Steinhauser, Virtual corrections to g g → ZH
in the high-energy and large-mt limits, J. High Energy Phys. 03, 034 (2021),
doi:10.1007/JHEP03(2021)034 [preprint doi:10.48550/arXiv.2011.12314].

[16] L. Alasfar, G. Degrassi, P. P. Giardino, R. Gröber and M. Vitti, Virtual corrections to
g g → ZH via a transverse momentum expansion, J. High Energy Phys. 05, 168 (2021),
doi:10.1007/JHEP05(2021)168 [preprint doi:10.48550/arXiv.2103.06225].

[17] L. Bellafronte, G. Degrassi, P. P. Giardino, R. Gröber and M. Vitti, Gluon fusion
production at NLO: Merging the transverse momentum and the high-energy expan-
sions, J. High Energy Phys. 07, 069 (2022), doi:10.1007/JHEP07(2022)069 [preprint
doi:10.48550/arXiv.2202.12157].

[18] G. Degrassi, R. Gröber, M. Vitti and X. Zhao, On the NLO QCD corrections to gluon-initiated
ZH production, J. High Energy Phys. 08, 009 (2022), doi:10.1007/JHEP08(2022)009
[preprint doi:10.48550/arXiv.2205.02769].

[19] G. Wang, X. Xu, Y. Xu and L. L. Yang, Next-to-leading order corrections for
g g → ZH with top quark mass dependence, Phys. Lett. B 829, 137087 (2022),
doi:10.1016/j.physletb.2022.137087 [preprint doi:10.48550/arXiv.2107.08206].

[20] L. Chen, G. Heinrich, S. P. Jones, M. Kerner, J. Klappert and J. Schlenk, ZH
production in gluon fusion: Two-loop amplitudes with full top quark mass depen-
dence, J. High Energy Phys. 03, 125 (2021), doi:10.1007/JHEP03(2021)125 [preprint
doi:10.48550/arXiv.2011.12325].

[21] L. Chen, J. Davies, G. Heinrich, S. P. Jones, M. Kerner, G. Mishima, J. Schlenk and M.
Steinhauser, ZH production in gluon fusion at NLO in QCD, J. High Energy Phys. 08, 056
(2022), doi:10.1007/JHEP08(2022)056 [preprint doi:10.48550/arXiv.2204.05225].

[22] T. Ahmed, M. Mahakhud, N. Rana and V. Ravindran, Drell-Yan production
at threshold to third order in QCD, Phys. Rev. Lett. 113, 112002 (2014),
doi:10.1103/PhysRevLett.113.112002 [preprint doi:10.48550/arXiv.1404.0366].

[23] S. Catani, D. de Florian and M. Grazzini, Higgs production in hadron colli-
sions: Soft and virtual QCD corrections at NNLO, J. High Energy Phys. 05,
025 (2001), doi:10.1088/1126-6708/2001/05/025 [preprint doi:10.48550/arXiv.hep-
ph/0102227].

[24] G. Sterman, Summation of large corrections to short-distance hadronic cross sections, Nucl.
Phys. B 281, 310 (1987), doi:10.1016/0550-3213(87)90258-6.

[25] S. Catani and L. Trentadue, Resummation of the QCD perturbative series for hard processes,
Nucl. Phys. B 327, 323 (1989), doi:10.1016/0550-3213(89)90273-3.

[26] S. Catani and L. Trentadue, Comment of QCD exponentiation at large x, Nucl. Phys. B 353,
183 (1991), doi:10.1016/0550-3213(91)90506-S.

[27] N. Kidonakis and G. Sterman, Resummation for QCD hard scattering, Nucl. Phys. B 505,
321 (1997), doi:10.1016/S0550-3213(97)00506-3 [preprint doi:10.48550/arXiv.hep-
ph/9705234].

7

https://scipost.org
https://scipost.org/SciPostPhysCommRep.14
https://doi.org/10.1007/JHEP01(2017)073
https://doi.org/10.48550/arXiv.1611.05881
https://doi.org/10.1007/JHEP03(2021)034
https://doi.org/10.48550/arXiv.2011.12314
https://doi.org/10.1007/JHEP05(2021)168
https://doi.org/10.48550/arXiv.2103.06225
https://doi.org/10.1007/JHEP07(2022)069
https://doi.org/10.48550/arXiv.2202.12157
https://doi.org/10.1007/JHEP08(2022)009
https://doi.org/10.48550/arXiv.2205.02769
https://doi.org/10.1016/j.physletb.2022.137087
https://doi.org/10.48550/arXiv.2107.08206
https://doi.org/10.1007/JHEP03(2021)125
https://doi.org/10.48550/arXiv.2011.12325
https://doi.org/10.1007/JHEP08(2022)056
https://doi.org/10.48550/arXiv.2204.05225
https://doi.org/10.1103/PhysRevLett.113.112002
https://doi.org/10.48550/arXiv.1404.0366
https://doi.org/10.1088/1126-6708/2001/05/025
https://doi.org/10.48550/arXiv.hep-ph/0102227
https://doi.org/10.48550/arXiv.hep-ph/0102227
https://doi.org/10.1016/0550-3213(87)90258-6
https://doi.org/10.1016/0550-3213(89)90273-3
https://doi.org/10.1016/0550-3213(91)90506-S
https://doi.org/10.1016/S0550-3213(97)00506-3
https://doi.org/10.48550/arXiv.hep-ph/9705234
https://doi.org/10.48550/arXiv.hep-ph/9705234


SciPost Phys. Comm. Rep. 14 (2025)

[28] S. Moch, J. A. M. Vermaseren and A. Vogt, Higher-order corrections in threshold resum-
mation, Nucl. Phys. B 726, 317 (2005), doi:10.1016/j.nuclphysb.2005.08.005 [preprint
doi:10.48550/arXiv.hep-ph/0506288].

[29] E. Laenen and L. Magnea, Threshold resummation for electroweak annihilation from
DIS data, Phys. Lett. B 632, 270 (2006), doi:10.1016/j.physletb.2005.10.038 [preprint
doi:10.48550/arXiv.hep-ph/0508284].

[30] N. Kidonakis, Next-to-next-to-next-to-leading-order soft-gluon corrections in
hard-scattering processes near threshold, Phys. Rev. D 73, 034001 (2006),
doi:10.1103/PhysRevD.73.034001 [preprint doi:10.48550/arXiv.hep-ph/0509079].

[31] V. Ravindran, On Sudakov and soft resummations in QCD, Nucl. Phys. B 746, 58 (2006),
doi:10.1016/j.nuclphysb.2006.04.008 [preprint doi:10.48550/arXiv.hep-ph/0512249].

[32] V. Ravindran, Higher-order threshold effects to inclusive processes in QCD, Nucl.
Phys. B 752, 173 (2006), doi:10.1016/j.nuclphysb.2006.06.025 [preprint
doi:10.48550/arXiv.hep-ph/0603041].

[33] A. Idilbi, X. Ji and F. Yuan, Resummation of threshold logarithms in effective field
theory for DIS, Drell-Yan and Higgs production, Nucl. Phys. B 753, 42 (2006),
doi:10.1016/j.nuclphysb.2006.07.002 [preprint doi:10.48550/arXiv.hep-ph/0605068].

[34] T. Becher, M. Neubert and B. D. Pecjak, Factorization and momentum-space resumma-
tion in deep-inelastic scattering, J. High Energy Phys. 01, 076 (2007), doi:10.1088/1126-
6708/2007/01/076 [preprint doi:10.48550/arXiv.hep-ph/0607228].

[35] T. Ahmed, A. H. Ajjath, G. Das, P. Mukherjee, V. Ravindran and S. Tiwari, Soft-virtual
correction and threshold resummation for n-colorless particles to fourth order in QCD: Part
I, (arXiv preprint) doi:10.48550/arXiv.2010.02979.

[36] G. Das, C. Dey, M. C. Kumar and K. Samanta, Soft gluon resummation for gluon fusion ZH
production, (arXiv preprint) doi:10.48550/arXiv.2501.10330.

[37] G. Das, S.-O. Moch and A. Vogt, Soft corrections to inclusive deep-inelastic scattering at four
loops and beyond, J. High Energy Phys. 03, 116 (2020), doi:10.1007/JHEP03(2020)116
[preprint doi:10.48550/arXiv.1912.12920].

[38] A. H. Ajjath, G. Das, M. C. Kumar, P. Mukherjee, V. Ravindran and K. Samanta,
Resummed Drell-Yan cross-section at N3LL, J. High Energy Phys. 10, 153 (2020),
doi:10.1007/JHEP10(2020)153 [preprint doi:10.48550/arXiv.2001.11377].

[39] G. Das, C. Dey, M. C. Kumar and K. Samanta, Threshold enhanced cross sections for color-
less productions, Phys. Rev. D 107, 034038 (2023), doi:10.1103/PhysRevD.107.034038
[preprint doi:10.48550/arXiv.2210.17534].

[40] S. Catani, The resummation of soft gluons in hadronic collisions, Nucl. Phys. B 478,
273 (1996), doi:10.1016/0550-3213(96)00399-9 [preprint doi:10.48550/arXiv.hep-
ph/9604351].

[41] S. Forte, G. Ridolfi, J. Rojo and M. Ubiali, Borel resummation of soft gluon radiation
and higher twists, Phys. Lett. B 635, 313 (2006), doi:10.1016/j.physletb.2006.02.058
[preprint doi:10.48550/arXiv.hep-ph/0601048].

8

https://scipost.org
https://scipost.org/SciPostPhysCommRep.14
https://doi.org/10.1016/j.nuclphysb.2005.08.005
https://doi.org/10.48550/arXiv.hep-ph/0506288
https://doi.org/10.1016/j.physletb.2005.10.038
https://doi.org/10.48550/arXiv.hep-ph/0508284
https://doi.org/10.1103/PhysRevD.73.034001
https://doi.org/10.48550/arXiv.hep-ph/0509079
https://doi.org/10.1016/j.nuclphysb.2006.04.008
https://doi.org/10.48550/arXiv.hep-ph/0512249
https://doi.org/10.1016/j.nuclphysb.2006.06.025
https://doi.org/10.48550/arXiv.hep-ph/0603041
https://doi.org/10.1016/j.nuclphysb.2006.07.002
https://doi.org/10.48550/arXiv.hep-ph/0605068
https://doi.org/10.1088/1126-6708/2007/01/076
https://doi.org/10.1088/1126-6708/2007/01/076
https://doi.org/10.48550/arXiv.hep-ph/0607228
https://doi.org/10.48550/arXiv.2010.02979
https://doi.org/10.48550/arXiv.2501.10330
https://doi.org/10.1007/JHEP03(2020)116
https://doi.org/10.48550/arXiv.1912.12920
https://doi.org/10.1007/JHEP10(2020)153
https://doi.org/10.48550/arXiv.2001.11377
https://doi.org/10.1103/PhysRevD.107.034038
https://doi.org/10.48550/arXiv.2210.17534
https://doi.org/10.1016/0550-3213(96)00399-9
https://doi.org/10.48550/arXiv.hep-ph/9604351
https://doi.org/10.48550/arXiv.hep-ph/9604351
https://doi.org/10.1016/j.physletb.2006.02.058
https://doi.org/10.48550/arXiv.hep-ph/0601048


SciPost Phys. Comm. Rep. 14 (2025)

[42] R. Abbate, S. Forte and G. Ridolfi, A new prescription for soft gluon resumma-
tion, Phys. Lett. B 657, 55 (2007), doi:10.1016/j.physletb.2007.09.060 [preprint
doi:10.48550/arXiv.0707.2452].

[43] M. Bonvini, S. Forte and G. Ridolfi, Soft gluon resummation of Drell-Yan ra-
pidity distributions: Theory and phenomenology, Nucl. Phys. B 847, 93 (2011),
doi:10.1016/j.nuclphysb.2011.01.023 [preprint doi:10.48550/arXiv.1009.5691].

[44] R. D. Ball et al., The PDF4LHC21 combination of global PDF fits for the LHC Run III, J.
Phys. G: Nucl. Part. Phys. 49, 080501 (2022), doi:10.1088/1361-6471/ac7216 [preprint
doi:10.48550/arXiv.2203.05506].

[45] R. V. Harlander, J. Klappert, S. Liebler and L. Simon, vh@nnlo-v2: New physics in
Higgs Strahlung, J. High Energy Phys. 05, 089 (2018), doi:10.1007/JHEP05(2018)089
[preprint doi:10.48550/arXiv.1802.04817].

[46] O. Brein, R. V. Harlander and T. J. E. Zirke, vh@nnlo–Higgs Strahlung at hadron collid-
ers, Comput. Phys. Commun. 184, 998 (2013), doi:10.1016/j.cpc.2012.11.002 [preprint
doi:10.48550/arXiv.1210.5347].

9

https://scipost.org
https://scipost.org/SciPostPhysCommRep.14
https://doi.org/10.1016/j.physletb.2007.09.060
https://doi.org/10.48550/arXiv.0707.2452
https://doi.org/10.1016/j.nuclphysb.2011.01.023
https://doi.org/10.48550/arXiv.1009.5691
https://doi.org/10.1088/1361-6471/ac7216
https://doi.org/10.48550/arXiv.2203.05506
https://doi.org/10.1007/JHEP05(2018)089
https://doi.org/10.48550/arXiv.1802.04817
https://doi.org/10.1016/j.cpc.2012.11.002
https://doi.org/10.48550/arXiv.1210.5347

	Introduction
	Z H production at the LHC
	Results
	Conclusion
	References

