
Benchmarks for diboson processes at the LHC

December 11, 2012

1 Introduction

Precision electroweak (EW) measurements at hadron colliders require the development of so-
phisticated simulation tools, that should include the best theoretical knowledge available to
describe the production of gauge bosons, also in association with jets. Different theoretical
effects enter in the accurate evaluation of total cross sections and distributions: higher order
QCD corrections, higher order EW corrections, the interplay between EW and QCD effects,
PDF effects and uncertainties, matching of fixed order results with QCD/QED Parton Shower
(PS), tuning of QCD Parton Shower to reproduce non perturbative low energy effects. The
usage of different tools that implement some of the above mentioned effects is not trivial. The
combination of results produced by different simulation codes can be even more difficult and
should satisfy some basic requirements:

1) Two codes that have the same perturbative approximation, the same input parameters
(couplings, masses, PDFs), the same setup (choice of scales, acceptance cuts), should
yield exactly the same results, within the accuracy of the numerical integration.

2) The results of different codes can be meaningfully combined only if they satisfy the
previous point.

The size of the mismatches which occur if these points are not satisfied may be larger than
the typical size of the EW effects that we aim to measure. For this reason it is important to
produce a collection of benchmark numbers (total cross sections, distributions) with the most
used, publicly available tools to describe gauge boson pair production processes. These results
should serve

1) to verify at any time that a given code works properly according to what its authors have
foreseen,

2) to demonstrate explicitly the level of agreement of different codes that include identical
subsets of radiative corrections, and

3) to expose the impact of different subsets of higher-order corrections and of differences in
their implementations.
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1.1 Plan of work

• The authors of the following codes have been contacted and agreed to join this effort:
aMC@NLO [1], MCFM [2], POWHEG [3], SHERPA [4] , VBFNLO [5], GoSam [6],
OpenLoops [7].

• In a first stage we plan to consider results with LO and with NLO-QCD accuracy. We
consider this first phase as merely technical, useful to understand the setup. The latter
is described in Section 2 and provides the framework for producing benchmark numbers
for total cross sections and distributions.
The LO evaluation provides a control on the PDF implementation, on the value of the
couplings, on the acceptance cuts.
The NLO evaluation provides a handle to check the implementation of real QCD radiation.

• In a second phase we can extend the comparison, including QCD Parton Shower effects,
NLO-EW and NNLO-QCD corrections (when available) and discussing the input param-
eter scheme.

• As first exercise, we choose the production of one final state and try to fully understand
all the issues relevant in the comparison. If this part is successful, we can enlarge the list
of processes under study.
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2 Setup

1.) For the numerical evaluation of the cross sections at the LHC (
√
s = 8, 14 TeV) we choose

the following set of Standard Model input parameters [8]:

Gµ = 1.1663787× 10−5 GeV−2, MZ = 91.1876 GeV, MW = 80.385 GeV

ΓZ = 2.4952 GeV, ΓW = 2.085 GeV (1)

We work in the constant width scheme and fix the weak mixing angle by cw = MW/MZ ,
s2w = 1− c2w. The SU(2) coupling constant g is expressed in terms of the Fermi constant
via the tree-level relation Gµ/

√
2 = g2/(8m2

W ). The electromagnetic coupling is thus

αGµ =
√
2
π
Gµm

2
W

(
1− m2

W

m2
Z

)
. The Z and W -boson decay widths given above are used in

the LO and NLO evaluations of the cross sections. We consider all fermions massless.

2.) To compute the hadronic cross section we use the NNPDF23 nlo FFN NF4 as 0119.LHgrid [9]
set of parton distribution functions, both at LO and at NLO (given the technical nature
of the comparison, we adopt this choice also at LO); we work with 4 active flavors; we
assume the CKM matrix to be the identity matrix; we take the renormalization scale, µr,
and the QCD factorization scale, µQCD, to be µr = µQCD = M4l, the invariant mass of
the 4 lepton final state.

We choose to evaluate the running of the strong coupling constant at the two-loop
level, with four flavours, for LO and NLO-QCD predictions using as reference value
αNLO,4fs (MZ) = 0.11343, which is consistent with the choice made in the PDF set NNPDF2.3.
In Table 1 we provide αs(µ

2
r) for several choices of the QCD renormalization scale µr,

which are consistent with the results provided by the LHAPDF function alphasPDF(µr)
when called in conjunction with NNPDF2.3

Table 1: Two-loop running of αs(µ
2
r).

µr [GeV] αNLO,4fs (µr)
50 0.125498
MZ 0.113430
100 0.111786
200 0.100835
500 0.089333

3.) The detector acceptance is simulated by imposing the following cuts: pl⊥ > 20 GeV for the
leading lepton, pl⊥ > 10 GeV for the other charged leptons, Emissing

⊥ > 20 GeV, |ηl| < 2.5
for every charged lepton.

4.) Since we consider only leptonic final states, and our predictions are inclusive with respect
to QCD radiation, we do not impose any jet definition.
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5.) We choose the two following phase space points, to evaluate the squared matrix elements
and facilitate the comparison, before the phase-space integration.
Four bodies final state:

p1 = (−3.0000000, 2.1213203, 1.0606601, 1.8371173)

p2 = (−3.0000000,−2.1213203,−1.0606601,−1.8371173)

p3 = (2.0000000, 2.0000000, 0.0000000, 0.0000000)

p4 = (0.8571428,−0.3157894, 0.7968506, 0.0000000)

p5 = (1.0000000,−0.1842105, 0.4648295, 0.8660254)

p6 = (2.1428571,−1.5000000,−1.2616801,−0.8660254) (2)

Five bodies final state:

p1 = (−3.5000000, 2.4748737, 1.2374368, 2.1433035)

p2 = (−3.5000000,−2.4748737,−1.2374368,−2.1433035)

p3 = (2.3333333, 2.3333333, 0.0000000, 0.0000000)

p4 = (0.8750000,−0.2529296, 0.8376464, 0.0000000)

p5 = (0.6999999,−0.1011718, 0.3350585, 0.6062177)

p6 = (0.5833333, 0.0843098,−0.2792154, 0.5051814)

p7 = (2.5083333,−2.0635416,−0.8934895,−1.1113992) (3)
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3 Processes and Observables

To facilitate a quick and easy comparison of histograms, please use the lower value of the bin
range to label the bin (e.g., for a range of 0− 100 GeV and a bin size of 1 GeV the first bin is
labeled 0 GeV, the second bin 1 GeV etc). Please provide the histograms in form of an ASCII
file including a bin-by-bin Monte Carlo integration error.

3.1 List of processes

We consider the following list of processes:

pp → e+νeµ
−ν̄µ (4)

3.2 Observables

In the following we provide a list of observables which will be evaluated in the benchmarking
of EW and QCD predictions.

3.2.1 Observables relevant for process (4)

• σtot: total inclusive cross section, within the acceptance cuts, of each process;

• dσ
dp⊥, 4l

: transverse momentum distribution of the 4 lepton final state system; range (0, 400)

GeV, bin size 10 GeV

• dσ
dM4l

:invariant mass distribution of the 4 lepton final state system; range (0, 500) GeV,
bin size 5 GeV

• dσ
dp⊥, l

: transverse momentum distribution of the leading lepton; range (0, 200) GeV, bin

size 10 GeV

• dσ
dηl

: pseudorapidity distribution of the leading lepton; range −3, 3 GeV, bin size 0.2 GeV
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4 Benchmarks

For each observable (where applicable) listed in Section 3.2 we compare predictions at LO and
at NLO QCD.

4.1 Total cross sections

pp→ e+νeµ
−ν̄µ +X LO NLO-QCD

aMC@NLO
MCFM
POWHEG
SHERPA
VBFNLO
GoSam
Open Loops

Table 2: Comparison of LO and of NLO-QCD cross sections

4.2 Distributions

4.2.1 LO distributions

4.2.2 NLO-QCD distributions
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5 Code description

• aMC@NLO

• MCFM

• POWHEG

• SHERPA

• VBFNLO

• GoSam

• Open Loops
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