
A Biased Hemispherical Muon Source Based on Gauss Distribution in GEANT4
Simulations

A. Ilker Topuz1,2, Madis Kiisk1,3, Andrea Giammanco2
1 University of Tartu

2 Université catholique de Louvain
3 GScan OU

Objectives
Amongst various applications that experience a multi-directional particle source is the muon scattering tomography where a number of horizontal detectors of
a limited angular acceptance conventionally track the cosmic-ray muons. In this study, we exhibit an elementary strategy that might be at disposal in diverse
computational applications in the GEANT4 simulations with the purpose of hemispherical particle sources. To further detail, we initially generate random points on
a spherical surface for a sphere of a practical radius by employing Gaussian distributions for the three components of the Cartesian coordinates, thereby obtaining
a generating surface for the initial positions of the corresponding particles. Since we do not require the half bottom part of the produced spherical surface for our
tomographic applications, we take the absolute value of the vertical component in the Cartesian coordinates by leading to a half-spherical shell, which is traditionally
called a hemisphere. Last but not least, we direct the generated particles into the target material to be irradiated by favoring a selective momentum direction that
is based on the vector construction between the random point on the hemispherical surface and the origin of the target material, hereby optimizing the particle loss
through the source biasing. In the end, we incorporate our strategy by using G4ParticleGun in the GEANT4 code. While we plan to exert our strategy in the
computational practices for muon scattering tomography, this source scheme might find its straightforward applications in different neighboring fields including but
not limited to atmospheric sciences, space engineering, and astrophysics where a 3D particle source is a necessity for the modeling goals.

Generation through Gaussian distributions
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x0 = G(x̄, σx, x) = G4RandGauss :: shoot() (1)

and
y0 = G(ȳ, σy, y) = G4RandGauss :: shoot() (2)

and
z0 = G(z̄, σz, z) = G4RandGauss :: shoot() (3)

where x̄ = ȳ = z̄ = 0 and σx = σy = σz = 1 by definition. The generated spatial points are renormalized in order to form a unit sphere as indicated in

x∗0 =
x0√

x20 + y20 + z20
, y∗0 =

y0√
x20 + y20 + z20

, z∗0 =
z0√

x20 + y20 + z20
(4)

Given a sphere of radius denoted by R, the initial positions on the spherical surface of radius R in cm in the Cartesian coordinates are obtained as follows

xi = R ∗ x∗0, yi = R ∗ |y∗0 | = R ∗ABS(y∗0), zi = R ∗ z∗0 (5)

where the y-component of the Cartesian coordinates constituting the vertical axis is positively defined in order to yield the hemispherical surface. Then, the generated
particles on the spherical surface are directed to the origin

xf = 0, yf = 0, zf = 0 (6)

Then, by constructing a vector from the hemispherical surface to the origin, one obtains

px = xf − xi, py = yf − yi, pz = zf − zi (7)

Thus, the selective momentum direction denoted by ~P = (Px, Py, Pz) is

Px =
px√

px2 + py2 + pz2
, Py =

py√
px2 + py2 + pz2

, Pz =
pz√

px2 + py2 + pz2
(8)

Conclusion
In this study, we describe a computational recipe in order to obtain a hemispherical source that acts as a discrete oriented muon emitter in the GEANT4 simulations.
While this algorithmic scheme is implemented for the possible applications of muon tomography on the first basis, it is possible to foresee that they might find
different functions in various neighboring fields.


