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We consider a hyperbolic system of chemotaxis introduced by Gamba et.al.
in [2], which models in vitro experiments of early stages of the vasculogenesis
process. It describes the evolution of the density ρ(x, t) of endothelial cells, their
velocity u(x, t) and is coupled with a parabolic equation for the concentration
φ(x, t) of a chemical substance. In one space dimension the system writes as

ρt + (ρu)x = 0,
(ρu)t +

(
ρu2 + P (ρ)

)
x

= −αρu+ χρφx,
φt = Dφxx + aρ− bφ.

(1)

Chemoattractant φ is released by cells, whereas cells motion is directed by its
gradient and is slowed down due to the adhesion with the substratum. Over-
crowding of cells is prevented by the pressure law for isentropic gases that is
P (ρ) = εργ , γ > 1.

This model was developed to describe formation of capillary-like networks
from randomly seeded cells. Emerging of such structured patterns corresponds
to non constant stationary solutions composed of regions where the density ρ
is strictly positive and regions where it vanishes. We first provide a detailed
description in the case γ = 2 of the non constant stationary solutions composed
of vacuum and only one interval where ρ > 0.

Then we propose a numerical approximation of the chemotaxis system (1)
where the hyperbolic part deals with two problems, namely treating vacuum
states and having an accurate approximation of the non constant stationary
states of the system. We use a scheme that couples a well-balanced strategy, in
the framework of the USI method (see [1]), to capture the non constant equilib-
ria for γ > 1 with an adapted flux solver in order to treat vacuum. Moreover,
this scheme preserves the non negativity of the density and shows a small nu-
merical viscosity.

Using this scheme, we study the dependence of the steady states on the
length of the domain, the chemosensitivity constant χ, the adiabatic exponent
γ, and the initial mass of cells. In particular, we present some cases where the
asymptotic state is different from the one obtained using the diffusive parabolic
Keller-Segel type model of chemotaxis with a non linear pressure.
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