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1 Introduction

2 Details of the calculations

We consider the ZZ process at the LHC @13 TeV (Run-2 energy),

pp → Zλ (e+e−) Zλ′ (µ+µ−) +X , (1)

where the polarisation states λ, λ′ can be longitudinal (L) or transverse (T). We also compute the process
where both bosons are unpolarised (label: unpol.), preserving complete spin correlations and recovering
partial off-shell effects in different approximations. The full off-shell calculation (label: full) is computed
as a reference, to assess the accuracy of on-shell approximations, or, in the wording of polarised-template
analyses, to evaluate the size of the non-resonant irreducible background. The tranverse mode is under-
stood as the coherent sum of left- and right-handed modes. Owing to non-symmetric selection cuts, the
mixed states (LT and TL) are simulated and treated separately. Polarisations are defined in the ZZ-system
centre-of-mass frame.

2.1 Standard-Model parameters

The on-shell masses and widths of weak bosons are taken from Ref. [1]:

MOS
W = 80.377GeV , ΓOS

W = 2.085GeV ,

MOS
Z = 91.1876GeV , ΓOS

Z = 2.4952GeV , (2)

and converted into pole values through the relations [2],

MV =
MOS

V√
1 + (ΓOS

V /MOS
V )

2
, ΓV =

ΓOS
V√

1 + (ΓOS
V /MOS

V )
2
, V = W, Z . (3)

In NWA calculations the partial branching ratio for Z → e+e−(µ+µ−) boson is computed at LO when
providing LO and NLO QCD predictions, while it is computed at NLO EW when providing NLO EW
predictions. The branching is normalised to the Z-boson pole width that is used as an input to the Monte
Carlo.

The electroweak coupling is evaluated in the Gµ scheme,

αGµ
=

GF

√
2

π
M2

W

(
1− M2

W

M2
Z

)
, GF = 1.16638 · 10−5 GeV−2 . (4)

The top-quark and Higgs boson enter NLO EW and gluon-initiated loop-induced. The masses are taken
from Ref. [1], while the widths are set to zero,

mt = 172.69GeV , MH = 125.25GeV . (5)

Massless leptons, a unit CKM matrix and the five-flavour scheme are assumed. The
NNPDF31 nnlo as 0118 luxqed set [3, 4] is used as a default. This PDF set is accessible through
the LHAPDF interface [5] with id. 325100. The MS factorisation scheme for initial-state collinear
singularities is understood. The running of the strong coupling αs is extracted from the PDF set (e.g.
through the LHAPDF interface). The central renormalisation and factorisation scales (µR and µF) are
set to the Z-boson pole mass,

µ0 = MZ . (6)

The QCD-scale uncertainties are estimated with 7-point scale variations of µ0,(
µR

µ0
,
µF

µ0

)
= (1/2, 1/2), (1/2, 1), (1, 1/2), (1, 1)(1, 2), (2, 1), (2, 2) . (7)
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2.2 Fiducial selections

Photons are recombined with charged leptons and quarks with either a cone dressing or the Cam-
bridge/Aachen algorithm [6, 7] and resolution radius R = 0.1. The QCD jets are clustered with the
anti-kt algorithm [8] and resolution radius R = 0.4. We consider the signal event selections from the
ATLAS measurement with Run-2 dataset in inclusive ZZ production [9]:

pT,e± > 7GeV , |ye± | < 2.47 , pT,µ± > 5GeV , |yµ± | < 2.7 ,

pT,ℓ1(2) > 20GeV , with ℓ1(2) = (second) hardest-pT lepton ,

∆Rℓℓ′ > 0.05 , with ℓ, ℓ′ = e±, µ±

81GeV < Mℓ+ℓ− < 101GeV , with ℓ = e, µ ,

M4ℓ > 180GeV . (8)

2.3 Monte Carlo tools

In this work, a number of Monte Carlo codes have been compared, both at fixed order and matched to
parton shower. We detail in the following the main features of the various codes, with a special focus on
the way they carry out the polarised-signal selection and simulation.

2.3.1 MoCaNLO

MoCaNLO is a in-house, multi-purpose MC-integration program, which has been used for NLO-accurate
polarised-boson calculations in both inclusive di-boson production [10–14] and in vector-boson scattering
[15]. It is interfaced to the most recent release of the Recola-1 tree-level and one-loop amplitude provider
[16, 17] and to the Collier library for one-loop tensor reduction and integration [18]. MoCaNLO is
capable of computing complete NLO corrections (of both EW and QCD type) to generic LHC processes,
full off-shell effects and complete spin correlations both at LO and at NLO accuracy. The dipole formalism
[19–21] is used to subtract both QCD and QED IR singularities For polarised processes the DPA [22–24]
is employed. The technical details of the DPA approach in the presence of NLO corrections to production
and decay mechanisms are shown in Refs. [10, 12, 15].

2.3.2 STRIPPER

Stripper is a c++ implementation of the four-dimensional formulation of the sector-improved residue
subtraction scheme [25–27] which automates the subtraction and the numerical Monte Carlo integration
through NNLO QCD. The framework was extented to support intermediate polarizations for electro-
weak bosons using onshell-projection techniques and narrow-width-approximation and has been used for
several polarization studies [28–30]. Matrix elements are taken from external libraries or are implemented
explicitly. Tree-level matrix elemets for the Born, single and double real radiation contributions are taken
from the AvH library [31]. The necessary one-loop amplitudes are taken from OpenLoops 2 [32–34]. The
two-loop amplitudes are implemented with the help of the VVamp project [35]. In order to define definite
polarization states of intermediate boson the double-pole approximation is implemented following the
conventions in Ref. [12] for the onshell-projections and polarization vector definitions. Several checks
have been performed both on the integrated cross section level and per phase space point. The total
cross section for the off-shell setup calculated within Stripper framework was checked against Matrix at
NNLO QCD [36]. The polarized one-loop amplitudes obtained from a modified version of OpenLoops 2
were checked on the amplitude level against the private version of Recola used in [10] for various DPA
setups.

2.3.3 MulBos

MulBos (for MultiBoson production) is a private Monte-Carlo computer program to calculate polarized
cross sections for multiboson production processes. The current version of the program can perform NLO
QCD+EW calculations for ZZ, W±Z, and W+W− processes. Results for the WZ and W+W− cases
have been published in [37–40].

The ingredients of this program include the helicity amplitudes for the production and decay processes,
generated by FeynArt [41] and FormCalc [42], an in-house library for one-loop integrals named LoopInts.
The tensor one-loop integrals are calculated using the standard technique of Passarino-Veltman reduction
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[43], while the scalar integrals are computed as in [44–46]. The phase space integration is done using the
Monte-Carlo integrator BASES [47], with the help of useful resonance mapping routines publicly available
in VBFNLO [48].

The code has been carefully checked by making sure that all UV and IR divergences cancel and
singular limits of the dipole subtraction terms behave correctly. For details of the implemented NLO
QCD+EW calculation method for polarized cross sections, the reader is referred to [38, 39].

2.3.4 BBMC

BBMC is a general purpose Monte-Carlo Code that uses Recola [16, 17] as an amplitude provider and
the Collier library [18] to compute one-loop scalar and tensor integrals. BBMC can be used to compute
arbitrary LHC processes at NLO QCD and NLO EW accuracy. Both integrated and differential cross-
sections can be computed with BBMC. To treat the infrared singularities present at NLO BBMC relies on
the Catani-Seymour dipole subtraction scheme [19, 20]. For the computation of polarised cross-sections
at NLO accuracy BBMC relies one the DPA [24] to remove any non-resonant contributions. The infrared
divergences present in DPA processes are treated with the Catani-Seymour dipole subtraction scheme
and a small number of additional counterterms to treat divergences from unresolved EW radiation of the
resonant propagators.

2.3.5 PowHeg-Box

PowHeg-Box[49] is a general-purpose Monte Carlo framework aimed at NLO-accurate calculations
matched to parton-shower programs following the multiplicative PowHeg scheme [50, 51]. The specific
package used for this work [52] is based on a previous implementation of di-boson processes [53] in the Res
version [54], which is capable of treating radiative emissions off resonance propagators and decay products.
The code is capable of computing any singly or doubly polarised di-boson process (WW, WZ and ZZ) in
the fully leptonic decay channel at NLO QCD accuracy, matched to Pythia-8 [55, 56] QCD and QED
showers. Di-boson processes can also be computed with unpolarised bosons or including complete off-shell
effects. Similarly to MoCaNLOand BBMC, this PowHeg-Boxpackage is based on an interface to the
Recola-1 [16, 17] and Collier libraries [18]. The sector-subtraction scheme [57], also known as FKS, is
used to subtract QCD IR singularities of initial-state kind (ISR). For (un)polarised processes, the DPA
approach [22–24] is used throughout the calculation of Born, virtual and real contributions. The technical
details of the PowHeg-Box realisation of the DPA are shown in Ref. [10, 12, 15].

2.3.6 Sherpa

Sherpa is a general-purpose Monte Carlo event generator capable of simulating fully realistic particle
collision events for arbitrary processes up to NLO QCD and approximate NLO EW [58], including the
simulation of the parton shower [59], QED radiation [60], hadronisation [61], and multiple interactions.
Polarised cross sections can be calculated for all LO tree-level processes involving intermediate vector
bosons [62] by employing an implemented narrow-width approximation [63]. Spin correlations between
vector boson production and decay are preserved by a spin-correlation algorithm [64–67]. Off-shell effects
are partially retained through a mass-smearing algorithm applied after the computation of the production
and decay of on-shell vector bosons. The off-shell vector boson mass is chosen according to the Breit-
Wigner distribution. The final-state momenta are redistributed to account for the new vector boson
virtuality while preserving the flight direction of the final-state particles in their joint centre-of-mass
frame.

Sherpa computes the complete helicity-dependent amplitude for the intermediate vector bosons, on
top of an otherwise unpolarised simulation run. All polarisation contributions, including the interference
between different polarisations, are output as additional event weights.

Sherpa can provide fixed-order LO as well as parton-shower-matched polarised predictions up to
approximate NLO QCD, referred to as nLO QCD. Furthermore, multi-leg merging is available at both
LO and nLO. Currently, nLO QCD corrections can only be included in the vector boson production
part. Tree-level polarised matrix elements are provided by Sherpa’s built-in matrix-element generator
COMIX [68], while loop matrix elements are supplied by OPENLOOPS [32, 33]. Parton-shower matching in
Sherpa is performed using its MC@NLO variant [69]. The polarisation fractions are calculated based on
different amplitudes, depending on the event type. For H- and resolved S-events, real-emission amplitudes
are used, while the polarisation fractions for unresolved S-events rely on Born-level amplitudes only. While
this approach gives the overall correct result for H- and resolved S-events, virtual, ultra-soft, and ultra-
collinear emission corrections to the unresolved S-events are neglected in the polarisation fractions. As the
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number of events in this category is expected to be small in typical LHC setups, and only the polarisation
fractions in an otherwise fully NLO-accurate simulation are affected, the effect of this approximation is
expected to be small. This was verified by comparing with full fixed-order [62] and parton-shower-matched
predictions [52]. Sherpa’s multi-leg merging is based on the CKKW algorithm as described in Ref.s [70–
75].

2.3.7 MG5 aMC@NLO

MG5 aMC@NLO is an automated, general-purpose tool [76] which is largely used in experimental
collaborations. Because of its flexibility, it is used to produce three types of results in this work.

The procedure to obtain polarised Z bosons at tree-level is described in [77]. In this method the
qq̄ → ZZ scattering and the Z → ℓ+ℓ− two-body decay are determined from matrix elements where some
or all external states are in a definite helicity eigenstate and where spin-averaging/-summing is either
truncated or not performed. This method enables the LO simulation of processes involving external states
in fixed helicity eigenstates in an arbitrary reference frame. By using NWA, spin correlations of decaying
polarised resonances are maintained through the decomposition of fermionic and bosonic propagators
into their respective transverse and longitudinal components, while auxiliary ones necessarily vanish in
the on-shell limit.

For loop-induced processes such as gg → ZZ, a different method is employed to single out polarised
Z-boson states [78], which works by directly modifying Feynman rules instead of squared amplitudes.
Vector-boson fields are redefined at the level of Feynman rules as sums of polarised final states which
act as separate propagators. Finally, polarised cross sections that include full off-shell effects and loop-
induced contributions can then be obtained via diagram selection, which is an already present feature of
MG5 aMC@NLO. While not imposing NWA, diagrams with intermediate photons are also removed.

In order to improve description of QCD activity alongside the four-lepton production,
MG5 aMC@NLO can be used to produce and merge several extra-parton multiplicities at tree level.
We therefore generate events up to two extra partons in the final state, using version 2.9.18 of the
MG5 aMC@NLO generator. It is to be noted that, according to MG5 aMC@NLO rules, ZZ in as-
sociation with two extra partons includes contributions of order O(α2

sα
4) while electroweak contribu-

tions of orders O(αsα
5) and O(α6) are excluded. The three samples are matched and merged using the

Pythia8.237 parton shower program [56], adopting the MLM matching scheme [79] with merging scale
of 20GeV and minimum parton transverse momentum at matrix-element level of 15GeV.

2.4 Pole and narrow-width approximations

3 Results

3.1 Leading order

3.2 Next-to-leading order

3.3 Higher orders in QCD

3.4 Parton-shower matching

3.5 Multi-jet merging

4 Conclusions
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Fig. 1. Fiducial distributions at LO (tree level) in the positron-electron azimuthal distance. Absolute distributions
are shown in top panels, ratios over MoCaNLO results are shown in middle panels, discrepancies w.r.t. MoCaNLO
are shown as numbers of standard deviations (according Monte Carlo uncertainties) in lower panels. Shaded gray
bands in the lower panels represent 3-standard-deviation confidence regions.
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Fig. 2. Fiducial distributions at LO (tree level) in the positron decay angle. Same structure as Fig. 1.
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Fig. 3. Fiducial distributions at LO (tree level) in the four-lepton invariant mass. Same structure as Fig. 1.



COMETA people: Precise predictions for polarised ZZ production at the LHC 9

10 4

10 3

10 2

10 1

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: off-shell

MoCaNLO
STRIPPER
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(a) off-shell

10 4

10 3

10 2

10 1

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: unpol.

MoCaNLO
STRIPPER
MulBos
POWHEG
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(b) unpol.

10 9

10 8

10 7

10 6

10 5

10 4

10 3

10 2

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: LL mode

MoCaNLO
STRIPPER
MulBos
POWHEG
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(c) LL

10 6

10 5

10 4

10 3

10 2

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: LT mode

MoCaNLO
STRIPPER
MulBos
POWHEG
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(d) LT

10 6

10 5

10 4

10 3

10 2

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: TL mode

MoCaNLO
STRIPPER
MulBos
POWHEG
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(e) TL

10 4

10 3

10 2

10 1

d
/d

p T
,e

+
[f

b/
Ge

V]

pp e+ e +  @ LO (tree level), s = 13TeV: TT mode

MoCaNLO
STRIPPER
MulBos
POWHEG
MadGraph
BBMC
Sherpa

50 100 150 200 250 300 350
pT, e +

0.95

1.00

1.05

ra
ti

o 
[/

Mo
Ca

NL
O]

50 100 150 200 250 300 350
pT, e +

5.0

2.5

0.0

2.5

5.0

di
ff

. 
[S

TD
s] 3 STDs

(f) TT

Fig. 4. Fiducial distributions at LO (tree level) in the positron transverse momentum. Same structure as Fig. 1.
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Fig. 5. Fiducial distributions at LO (gg, loop-induced) in the positron-electron azimuthal distance. Absolute
distributions are shown in top panels, ratios over MoCaNLO results are shown in middle panels, discrepancies
w.r.t. MoCaNLO are shown as numbers of standard deviations (according Monte Carlo uncertainties) in lower
panels. Shaded gray bands in the lower panels represent 3-standard-deviation confidence regions.
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Fig. 6. Fiducial distributions at LO (gg, loop-induced) in the positron decay angle. Same structure as Fig. 5.
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Fig. 7. Fiducial distributions at LO (gg, loop-induced) in the four-lepton invariant mass. Same structure as
Fig. 5.
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Fig. 8. Fiducial distributions at LO (gg, loop-induced) in the positron transverse momentum. Same structure
as Fig. 5.
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Fig. 9. Fiducial distributions at NLO QCD in the positron-electron azimuthal distance. Absolute distributions
are shown in top panels, ratios over MoCaNLO results are shown in middle panels, discrepancies w.r.t. MoCaNLO
are shown as numbers of standard deviations (according Monte Carlo uncertainties) in lower panels. Shaded gray
bands in the lower panels represent 3-standard-deviation confidence regions.
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Fig. 10. Fiducial distributions at NLO QCD in the positron decay angle. Same structure as Fig. 9.
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Fig. 11. Fiducial distributions at NLO QCD in the four-lepton invariant mass. Same structure as Fig. 9.
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Fig. 12. Fiducial distributions at NLO QCD in the positron transverse momentum. Same structure as Fig. 9.
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Fig. 13. Fiducial distributions at NLO EW in the positron-electron azimuthal distance. Absolute distributions
are shown in top panels, ratios over MoCaNLO results are shown in middle panels, discrepancies w.r.t. MoCaNLO
are shown as numbers of standard deviations (according Monte Carlo uncertainties) in lower panels. Shaded gray
bands in the lower panels represent 3-standard-deviation confidence regions.
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Fig. 14. Fiducial distributions at NLO EW in the positron decay angle. Same structure as Fig. 13.
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Fig. 15. Fiducial distributions at NLO EW in the four-lepton invariant mass. Same structure as Fig. 13.
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Fig. 16. Fiducial distributions at NLO EW in the positron transverse momentum. Same structure as Fig. 13.
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code OS appr. full unpol. LL LT TL TT

Tree level (qq̄)

MoCaNLO DPA 11.336(1) 11.242(1) 0.6574(1) 1.3332(2) 1.3370(2) 7.7874(8)
STRIPPER DPA 11.3357(4) 11.2451(2) 0.6560(0) 1.3326(0) 1.3365(0) 7.7925(1)
MulBos DPA − 11.2393(3) 0.6572(0) 1.3329(1) 1.3366(1) 7.7846(2)
BBMC DPA 11.3372(4) 11.2424(3) 0.6574(0) 1.3333(1) 1.3372(1) 7.7872(2)
PowHeg-Box DPA 11.335(1) 11.245(1) 0.6575(1) 1.3333(1) 1.3374(1) 7.7885(8)
Sherpa NWA 11.363(6) 11.513(4) 0.6767(4) 1.3538(6) 1.3734(6) 7.952(3)
MG5 aMC@NLO NWA 11.38(2) 11.29(2) 0.660(1) 1.335(2) 1.338(2) 7.81(1)

Loop induced (gg)

MoCaNLO DPA 1.6968(6) 1.6978(6) 0.0914(0) 0.0360(0) 0.0356(0) 1.5360(5)
STRIPPER DPA 1.682(7) 1.700(2) 0.0912(1) 0.0360(0) 0.0357(0) 1.538(2)
MulBos DPA − 1.6981(9) 0.0913(1) 0.0360(0) 0.0357(0) 1.5363(8)

MG5 aMC@NLO(∗) NWA 1.699(6) 1.697(6) 0.0902(3) 0.0355(1) 0.0359(1) 1.539(6)

Table 1. Tree-level (qq̄ initiated) and loop-induced (gg initiated) leading-order fiducial cross sections for W+Z
production at the LHC in the setup described in Eq. 8. (∗)While MG5 aMC@NLO tree-level cross sections are
obtained with the standard NWA approach [77], the corresponding loop-induced contribution are obtained with
the tailored UFO model proposed in Ref. [78].

code OS appr. full unpol. LL LT TL TT

NLO QCD

MoCaNLO DPA 15.282(1) 15.158(2) 0.8899(3) 1.9313(5) 1.9243(2) 10.2095(9)
STRIPPER DPA 15.284(3) 15.159(1) 0.8899(1) 1.9305(1) 1.9241(1) 10.2098(7)
MulBos DPA − 15.1575(9) 0.88997(6) 1.9305(1) 1.9240(1) 10.2106(6)
BBMC DPA 15.284(1) 15.158(1) 0.8898(1) 1.9306(2) 1.9240(2) 10.2085(7)

PowHeg-Box(1) DPA 15.280(2) 15.156(2) 0.8909(2) 1.9306(4) 1.9239(5) 10.206(1)

PowHeg-Box(2) DPA 15.330(7) 15.177(7) 0.8918(4) 1.9366(9) 1.9291(9) 10.215(5)

Sherpa(∗) NWA 15.304(4) 15.441(5) 0.9266(5) 2.093(1) 2.041(1) 10.289(4)

NNLO QCD

STRIPPER(∗∗) DPA 16.19(2) 16.06(1) 0.9756(9) 2.107(2) 2.094(2) 10.63(1)

NLO EW

MoCaNLO DPA 10.080(2) 10.0213(8) 0.59068(9) 1.1994(1) 1.20293(9) 6.9129(3)
MulBos DPA − 10.0203(3) 0.59058(2) 1.19926(4) 1.20294(4) 6.9121(3)
BBMC DPA 10.082(2) 10.0203(4) 0.59057(4) 1.19949(6) 1.20308(9) 6.9125(3)

Table 2. (N)NLO QCD and NLO EW fiducial cross sections for W+Z production at the LHC in the setup
described in Eq. 8. (∗)Sherpa results in the NWA [62] for polarised signals reach approximate NLO accuracy in
QCD (nLO) and include partial resummation effects from the QCD-shower truncation after the first emission.
PowHeg-Box results feature exact NLO QCD accuracy at fixed order(1) and additionally including resummation
effects coming from the Sudakov form factor(2). (∗∗)STRIPPER results at NNLO QCD do not include loop-
induced gg contributions that are shown in Table 1.
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Fig. 17. Fiducial distributions in the e+e−-system transverse momentum in the presence of higher-order QCD
corrections: NLO (MoCaNLO) in red, NNLO (STRIPPER, excluding gg loop-induced ones) in blue, NLO
with resummation effects (PowHeg-Box, LHE level) in brown, and approximate NLO with resummation effects
(Sherpa) in magenta. Absolute distributions are shown in main panels, ratios over fixed-order NLO results are
shown in lower panels. Shaded bands in the lower panels represent QCD-scale uncertainties at fixed NLO accuracy.
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Fig. 18. Fiducial distributions including NLO matching to parton-shower effects in the positron-electron az-
imuthal distance. Fixed-order distributions at NLO QCD and NNLO QCD are shown as reference. Absolute
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Fig. 19. Fiducial distributions including NLO matching to parton-shower effects in the positron decay angle.
Same structure as Fig. 18.
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Fig. 20. Fiducial distributions including NLO matching to parton-shower effects in the four-lepton transverse
momentum. Same structure as Fig. 18.
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Fig. 21. Fiducial distributions including NLO matching to parton-shower effects in the transverse momentum
of the positron-electron system. Same structure as Fig. 18.
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