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Summary
Mathematical manipulation of vectors is a crucial component of data analysis pipelines in high
energy physics, enabling physicists to transform raw data into meaningful results that can be
visualized. More specifically, high energy physicists work with 2D and 3D Euclidean vectors, and
4D Lorentz vectors that can be used as physical quantities, such as position, momentum, and
forces. Given that high energy physics data are not uniform, vector manipulation frameworks or
libraries are expected to work readily on non-uniform or ragged data, data with variable-sized
rows (or a nested data structure with variable-sized entries); thus, the library is expected to
perform operations on an entire ragged structure in minimum passes. Furthermore, optimizing
memory usage and processing time has become essential with the increasing computational
demands at the Large Hadron Collider (LHC), the world’s largest particle accelerator. Vector
is a Python library for creating and manipulating 2D, 3D, and Lorentz vectors, especially
arrays of vectors, to solve common physics problems in a NumPy-like (Harris et al., 2020) way.
The library enables physicists to operate on high energy physics data in a high level language
without compromising speed. The library is already in use at LHC and is a part of frameworks,
like Coffea (Gray et al., 2023), employed by physicists across multiple high energy physics
experiments.

Statement of need
Vector is one of the few Lorentz vector libraries that offer a Pythonic interface but a compiled
computational backend, with the others being Coffea’s vector module (depends on Vector),
PyROOT’s (Brun et al., 2020) LorentzVectors and TLorentzVector classes, and HEPvector
(Schreiner, n.d.) (deprecated in favor of Vector). Although Vector was written with high
energy physics in mind, it is a general-purpose library that can be used for any scientific or
engineering application. The library houses a set of diverse backends, three numerical backends
for experimental physicists and one symbolic backend for theoretical physicists. These backends
are:

• a pure Python object (builtin) backend for scalar computations,
• a NumPy backend for computations on regular collection-type data,
• a SymPy (Meurer et al., 2017) backend for symbolic computations, and
• an Awkward (Pivarski et al., 2018) backend for computations on ragged collection-type

data

Moreover, Vector is the first Lorentz vector library to offer multiple computational backends,
as well as both numerical and symbolic backends. Furthermore, akin to PyROOT and
LorentzVectorHEP.jl (Ling et al., 2023), Vector supports just-in-time compilation through
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Numba extensions (Lam et al., 2015), implemented for both the object and Awkward backends.
Vector also includes support for JAX (Bradbury et al., 2018) and Dask (Rocklin, 2015) for
the Awkward backend, enabling the library to support automatic differentiation and parallel
computing, which are required for introducing automatic differentiation in Analysis Grand
Challenge (Held & Shadura, 2022) and to meet the computational needs of High Luminosity
LHC (Aberle et al., 2020).

Impact
Besides PyROOT’s LorentzVectors and TLorentzVector, Vector has become a popular choice
for mathematical manipulations in Python-based high energy physics analysis pipelines. Along
with being utilized directly in analysis pipelines at LHC (Held et al., 2024; Kling et al., 2023;
Qu et al., 2022), the library is also being used in other high energy physics experiments and as
a dependency in other user-facing frameworks, such as, Coffea, MadMiner (Brehmer et al.,
2020), FastJet (Roy et al., 2023), Spyral (McCann, n.d.), Weaver (Qu et al., n.d.), and pylhe
(Heinrich et al., n.d.). The library is also used in multiple teaching materials for graduate
courses and workshops. Finally, given the generic nature of the library, it is often used in
non-high-energy physics use cases.
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