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Next-to-leading order (NLO) QCD predictions coupled with parton
showers, known as NLO matching, have been widely used for the pre-
cision era at the LHC. While two methods — Mc@Nlo and Powheg
— have been widely adopted for this purpose, a third method, KrkNLO,
has recently been described and implemented within Herwig 7 for colour-
singlet processes. We present phenomenological results of this method for
the charged-current Drell–Yan process and compare with the Mc@Nlo
method.

DOI:10.5506/APhysPolBSupp.18.5-A29

1. Introduction

The precision era at LHC has witnessed significant improvements in the
accuracy of QCD predictions. As a result, next-to-leading order (NLO) pre-
dictions have become the state-of-the-art for many processes and for multiple
observables. These predictions are fully automated for inclusive observables
and can be used out of the box either through dedicated packages such as
MadGraph [1] and OpenLoops [2], or more generally, within Monte Carlo
event generators such as PYTHIA [3, 4], Herwig [5–7], and Sherpa [8, 9].
At the same time, advances in logarithmic resummation, particularly in
the form of parton shower algorithms, have enabled simulations of exclu-
sive high-multiplicity final states allowing for more accurate predictions of
exclusive observables.

It is evident that both the approaches, fixed order NLO calculations and
parton shower resummation, are complementary to each other and should
give accurate predictions for a wider set of observables across the full phase
space when combined. This is achieved by ‘NLO Matching’ and has been
solved in general by the two methods — Mc@Nlo [10] and Powheg [11–
13].
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We briefly summarize a third method, the KrkNLO method in Section 2
and present phenomenological results comparing the KrkNLO method with
the Mc@Nlo method for the charged-current Drell–Yan process in Sec-
tion 3.

2. KrkNLO method

The KrkNLO method, introduced in [14–16] and implemented for colour-
singlet processes within Herwig 7 in [17], takes advantage of the freedom to
choose an appropriate factorisation scheme which then simply achieves the
NLO Matching condition with a simple reweighting. The KrkNLO method
can be algorithmically summarized as:

for all Born events do shower
if emission generated, from kernel (α) then

w ← w × R(Φm+1)

P
(α)
m (Φm+1)

else
w ← w ×

[
1 + αS(µR)

2π

(
V (Φm;µR)
B(Φm) + I(Φm; µ̃R)

B(Φm) +∆FS
0

)]
end if

end for

Here, Φm denotes the m-particle phase space with B(Φm) and V (Φm)
representing the Born and virtual matrix elements. The (m + 1)-particle
phase space is denoted by Φm+1 with R(Φm+1) representing the real matrix
element on this phase space. The splitting kernels are denoted by P

(α)
m with

(α) denoting the type of splitting, µR is the renormalisation scale, and I(Φm)
represents the contribution from the integration of the shower Sudakov over
the radiative phase space Φ

(α)
+1 . This achieves NLO accuracy only when

the reweighted partonic cross section is convolved with PDFs in the ‘Krk’
factorisation scheme [18]. This dependence on the factorisation scheme is
encapsulated by the ∆FS

0 term which, with the ‘Krk’ PDFs, effectively cancels
the Catani–Seymour P and K operators originating from collinear counter
terms.

3. Charged-current Drell–Yan phenomenology

We present here phenomenological results comparing the KrkNLO method
with the Mc@Nlo method for the charged-current Drell–Yan process. We
use fiducial cuts close to those used by ATLAS for the LHC Run 1 at 7 TeV
[19, 20]:
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pℓT > 30 GeV , pνT > 25 GeV , (1a)

Mℓν > 50 GeV , |yFS| ∈ [0, 5.0) , (1b)

Generator cuts are chosen such that they are sufficiently inclusive of the fidu-
cial cuts with pℓ,νT > 15 GeV for Mc@Nlo and pℓ,νT > 1 GeV for KrkNLO.
Additionally, MW > 45 GeV is applied to both the methods. We allow for a
wider coverage of the phase space for the KrkNLO method to avoid any mi-
gration effects arising from excluded regions. For the Mc@Nlo method, we
consider three different choices of the shower starting scale [17] representing
the matching scheme uncertainty intrinsic to the method:

— ‘power’-shower with Q(Φm) = Qmax (Φm) and Q(Φm+1) = Qmax (Φm+1);

— ‘default’ shower with Q(Φm) =
√
ŝ12 ≡MW and Q(Φm+1) = pj1T , and

— ‘DGLAP-inspired’ choice in which the shower starting-scale consis-
tently matches the factorisation scale, Q(Φm) = MW and Q(Φm+1) =
MW .

For the KrkNLO method, the shower starting scale is fixed to Qmax(Φm) as
required for populating the real-emission phase space without dead zones.

3.1. One emission

In Fig. 1, we compare the KrkNLO method with the Mc@Nlo method
for the shower truncated after the first emission. Since we allow for only one
emission, the ‘default’ and ‘DGLAP’-inspired choices of Mc@Nlo runs are
identical, therefore, we present only one here. We also present the fixed-order
NLO along with the two methods. It can be seen that KrkNLO is suppressed
relative to Mc@Nlo in the low-pj1T region of the pj1T -distribution. This is
due to the presence of the Sudakov factor ∆

∣∣Q(Φm)

pT,1
with the real-emission

matrix element within the KrkNLO method. In the high-pj1T region, the
difference between the KrkNLO and the default Mc@Nlo reduces and they
converge to the fixed-order NLO for pj1T > 100 GeV. The relative suppres-
sion of the KrkNLO method in the low-pj1T region is also observed in other
distributions, such as the MW distribution where the KrkNLO method lies
10–25% below the other methods. Such differences can also be seen in the yj1
and pℓ1T -distributions where KrkNLO method lies 10–40% below Mc@Nlo.
We note here that the ‘power’-shower Mc@Nlo diverges significantly in the
high-pT regions of pj1T and pℓ1T -distributions due to the availability of addi-
tional phase space. However, these differences are negligible in the MW and
yj1-distributions.
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Fig. 1. Parton level (first-emission) comparison of KrkNLO with Mc@Nlo at
different shower scales and NLO fixed-order.

3.2. Full shower

In Fig. 2, we compare the KrkNLO method with the three choices of
Mc@Nlo method for the shower allowed to run to completion. This pro-
vides phenomenologically meaningful comparisons between the two methods.
It can be seen that the KrkNLO method is in reasonable agreement with the
Mc@Nlo method. As before, the ‘power’-shower Mc@Nlo diverges in the
high-pT region as seen in the pj1T and pℓ1T -distributions. However, there is vir-
tually no sensitivity to the choice of shower starting scale for the Mc@Nlo
method in the MW and yj1-distributions. The KrkNLO method lies within
the envelope spanned by the Mc@Nlo runs for the pT-distributions and
deviates 10–20% in the MW and yj1-distributions.
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Fig. 2. Parton level (full shower) comparison of KrkNLO with Mc@Nlo at different
shower scales.

3.3. Comparison with ATLAS data

Finally, we compare the KrkNLO and Mc@Nlo methods to data from
ATLAS measurements for LHC Run 1 at 7 TeV in Fig. 3. The results show
good agreement of the KrkNLO method along with the Mc@Nlo method
for the |ηℓ| and charge asymmtery distributions to within 5%. The phe-
nomenological differences between the methods are more evident in the pjT
and |yj | distributions, upto 30–40%, as these require higher-order correc-
tions to be formally NLO accurate. Following the trend as seen in Fig. 2
and as discussed in Section 3.2, the ‘power’-shower Mc@Nlo generally lies
above the others, while the KrkNLO method lies within the envelope of the
different Mc@Nlo runs.
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Fig. 3.Comparison of NLO-matched differential distributions generated by KrkNLO

and Mc@Nlo at different shower scales to ATLAS data [19, 20].

4. Conclusion

In these proceedings, we have applied the KrkNLO method to the charged-
current Drell–Yan process and present phenomenological results comparing
the method to the different variations of the Mc@Nlo method. We provide
a brief summary of the KrkNLO method followed by a discussion on the
phenomenological comparisons. Finally, we compare the methods to data
from ATLAS measurements, observing good agreement across different ob-
servables — within 5% for those that are formally NLO accurate and within
30–40% for those requiring higher-order corrections to achieve formal NLO
accuracy. A detailed study of the phenomenological results of the KrkNLO
method for a wider set of observables as well as processes at the LHC will
be the subject of a future publication [21].
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