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We study the Euler-Poisson equations which govern the internal structure of gaseous

stars:

∂ρ

∂t
+∇ · (ρv⃗) = 0, ρ

(∂v⃗
∂t

+ (v⃗ · ∇)v⃗
)
+∇P = −ρ∇Φ, (1a)

△Φ = 4πGρ, (1b)

where (t, x⃗) = (t, x1, x2, x3) ∈ [0, T ) × R3, under the equation of states given by the

γ-law: P = Aργ. Here G,A, γ(> 1) are positive constants. We are interested in com-

pactly supported gaseous star configurations in which case the Poisson equation (1b)

is replaced by the Newtonian potential

Φ(t, x⃗) = −G

∫
ρ(t, x⃗′)

|x⃗− x⃗′|
dx⃗′ (2)

We have studied spherically symmetric solutions of the Euler-Poisson equations in

[3, 1]. Now we are studying axisymmetric solutions modeling rotating stars.

As a first step, we look for stationary solutions of the form

ρ = ρ(r, ζ), v⃗ = (−Ωx2,Ωx1, 0)T

where the angular velocity Ω is constant and (r, ζ) means

x1 = r
√

1− ζ2 cosϕ, x2 = r
√

1− ζ2 sinϕ, x3 = rζ.

A difficulty of obtaining such axisymmetric solutions even without time dependence

lies in the fact that the boundary of the domain {(r, ζ) : ρ(r, ζ) > 0} is not prescribed:

a free boundary problem. Our strategy is to construct nonlinear perturbations around

spherically symmetric equilibria with a suitable extension to a larger domain through

the contraction mapping principle.

It is well-known that spherically symmetric equilibria are given by the Lane-Emden

function θ(r; ν) of index ν [:= 1/(γ − 1)] as

ρ = ρc(θ(r/a; ν) ∨ 0)ν , a =

√
Aγ

4πG(γ − 1)
ρ

γ−2
2

c , Ω = 0.

Here ρc > 0 is the central density ρ(⃗0) and (c∨d) = max{c, d}. Generalizing this Lane-

Emden solution, we have constructed the so-called distorted Lane-Emden function
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Θ(r, ζ; ν, ε) of index ν with the angular velocity squared parameter ε which

yields stationary axisymmetric solution

ρ = ρc(Θ(r/a, ζ; ν, ε) ∨ 0)ν , Ω2 = 2πGρc · ε,

provided that

2 ≤ ν < 5, that is,
6

5
< γ ≤ 3

2
,

and that ε is sufficiently small.

Θ is a C1-function of x⃗ such that |∇Θ − ∇θ| ≤ Cε, equatorially symmetric, that

is, Θ(r,−ζ) = Θ(r, ζ), and there is a continuous function Ξ1(ζ) = Ξ1(ζ; ν, ε)(< 2ξ1) of

ζ ∈ [−1, 1] such that Θ > 0 for 0 ≤ r < Ξ1(ζ), Θ = 0 at r = Ξ1(ζ), and Θ < 0 for

Ξ1(ζ) < r ≤ 2ξ1. Here ξ1 = ξ1(ν) is the zero of the Lane-Emden function, which is finite

for ν < 5. So, {r = Ξ1(ζ)} is the surface of the star, so called a distorted polytrope,

and we can show that it satisfies the physical vacuum boundary condition.

Detailed discussion can be found in the preprint [2].

Study of the bifurcation diagram when Ω grows large is not yet done and is the task

of the future.
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