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A dedicated validation of new Monte Carlo (MC) versions is essential in order to detect potential
issues before launching large-scale MC production campaigns for the ATLAS collaboration in an
effective and sustainable way. An automated, robust validation system named Physics Modeling
Group Architecture for Validating Evgen with Rivet (PAVER) was developed for this purpose.
Accessible via a web interface, PAVER allows for regular evaluations of new revisions and updates
for commonly used MC generators, alongside comparisons to measured data. The validation
workflow in ATLAS using the PAVER system is detailed here.
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1. Introduction

Monte-Carlo (MC) simulations play a key role in high-energy physics. As MC generators evolve
continuously, regular validation is indispensable for obtaining accurate, reliable and reproducible
physics simulations. By first investigating small validation samples, potential issues can be detected
before generating large samples for the collaboration. Significant resources are utilized for MC
event generation in ATLAS. For example, a recent MC production campaign to match the Run 3
data required approximately 200k HEPSpec061 years of WLCG CPU resources. Thus, a thorough
prior validation is crucial for a sustainable and low-cost MC production procedure.
For that purpose, an automated and central validation system was developed: Physics Modeling
Group Architecture for Validating Evgen with Rivet (PAVER) which is available via a CERN web
page [1]. It provides a robust, fast, and easily accessible MC event generator validation procedure.
New revisions and updates for commonly used MC generators and software releases in ATLAS are
evaluated via comparisons to an already validated reference and measured data.

2. Validation workflow using PAVER

The validation workflow using PAVER can be divided into three steps: (1) generation of
validation samples, (2) automated production of hundreds of histograms, (3) validation in the form
of comparisons to an already validated reference.
For the first step, dedicated validation samples are produced in the official ATLAS production
system. These are with an average size of one million events per sample substantially smaller
than the large samples produced for the collaboration. A usual validation procedure includes a
well-chosen set of validation samples covering different physics processes, e.g. 𝑡𝑡,𝑊+jets or SUSY.
Additionally, different stages of MC simulations, e.g. of the matrix element and parton shower, can
be validated separately as well as their matching and merging.
In the second step, a multitude of histograms is filled using the RIVET analysis toolkit [2]. It
comprises a large variety of analyses that contain pre-defined selections and histograms, each
dedicated to either general final-state objects, e.g. electrons or jets, or specific physics processes,
e.g. 𝑡𝑡 or 𝑊+jets. In addition, special RIVET analyses encompass the phase space and results of
high-energy physics measurements, allowing for direct comparisons of the simulated events with
experimental data. In the validation workflow, a dedicated, well-motivated set of 10-20 RIVET
analyses, containing 10-20 histograms each, is selected per validation sample. The selection is
performed by the user on the PAVER webpage and RIVET is run on the PAVER server in the
background. This way, hundreds of histograms are obtained with minimal effort from the user.
The third and final step is the validation process itself. Here, the histograms of the validation dataset
are compared to ones from the reference dataset, which is usually the last validated version of the
generator. Both, so-called monitored and reference files, are selected by the user on the webpage
and a multitude of checks and comparisons between them is run in the PAVER system automatically
and is finally presented on the web page. By presenting the results on an interactive, structured
web page, potential issues can be detected easily and the results can be shared directly with experts.
An example of a validation result page can be found in Figure 1. Technical parameters, such as

1HEPSpec06 is the benchmark in the high-energy-physics community for measuring CPU performance.
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Figure 1: Screenshots from the PAVER web page showing an example of a validation result.

generator versions or cross-sections, are summarized in a table side by side. A basic check of
generator input settings and internal generator weights is performed automatically. If differences
are present, it is indicated by a red cross and an expandable table shows the differences. Contrarily,
a green check mark indicates at one glance that the weight names and positions as well as generator
input settings agree between the datasets.
The core of the PAVER validation program consists of the comparison between reference and
monitored files in hundreds of observables, using the histograms as selected in step 2 discussed
above. Figure 1 shows only a small subset of all histograms presented in total. Many sorting and
filtering features are employed, allowing for the identification of the most prominent disagreements
at first glance. Automated statistical tests are performed by the PAVER system, namely a 𝜒2 test
and a Kolmogorov-Smirnov test. The sorting of the histograms in the presentation on the web
page can be chosen by the user to be based on the 𝜒2/𝑛𝑑𝑓 value, the p-value of the 𝜒2 test or
the Kolmogorov-Smirnov test. The histograms with the worst agreement are shown first, to see
potential issues at first glance. Additionally, colored boxes around single histogram plots give a
visually striking representation of the p-value from the 𝜒2 test. A red box is drawn for p-values
below 1 %, a yellow box for 1 % to 5 % and a green box for values larger than 5 %.
This organized workflow and presentation via the PAVER system allowed to find issues in various
new generators and software releases, before producing large-scale samples for the collaboration.
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