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Abstract. We present recent results obtained by applying invariant manifold techniques to analytical models
of the Milky Way. It has been shown that invariant manifolds can reproduce successfully the spiral arms
and rings in external barred galaxies. Here, for the first time, we apply this theory to Milky Way models. We
select five different models from the literature and, using the parameters chosen by the authors of the papers,
and three different cases, namely Case 1, where only the COBE/DIRBE bar is included in the potential; Case
2, when the COBE/DIRBE and the Long bar are aligned, and Case 3, when the COBE/DIRBE bar and the
Long bar are misaligned. We compute in each case and for each model the orbits trapped by the manifolds.
In general, the global morphology of the manifolds can account for the 3-kpc arms and for the Galactic
Molecular Ring.

1. INTRODUCTION
We study the effects of the COBE/DIRBE bar and/or the Long bar in the inner 2–6 kpc of the Milky
Way. We apply the manifold theory to five analytic Galactic models that consist of an axisymmetric plus
a bar-like component and three Cases. In Case 1 we include only the COBE/DIRBE bar and in Cases 2
and 3 we include also the Long bar. In Case 2 we follow the general morphology of external galaxies
[1, 2] and we align the two bars [2–4], while in Case 3 we place them 30◦ degrees apart, as claimed by
observations [5, 6]. The main characteristics of all models and cases are studied in detail in [4] and the
values for one of the models described there (PMM04 [7]) are given in Table 1.
2. MORPHOLOGY AND KINEMATICS GENERATED BY THE MANIFOLDS
For each of the models, we compute the orbits trapped by the invariant manifolds associated to periodic
orbits of the unstable Lagrangian points L1 and L2 . These orbits are shown for the model PMM04 and
Case 2 in Fig. 1. It is given in the frame that rotates with the bar. Here the bar lies at 20◦ from the
Sun - Galactic Centre line. Note that the main morphology is that of an inner ring elongated along the
COBE/DIRBE and Long bar with a maximum axis of ∼ 4 kpc and an outer ring with a major axis almost
perpendicular to that of the inner ring, with a length of 6.5 kpc and an axis ratio of 0.75. In the middle
and right panels of Fig. 1, we plot the (Galactic longitude, line-of-sight velocity) diagram (hereafter (l,v)
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Table 1. Our model and its main characteristics. R0 is the Solar radius, b is the pattern speed of the bar (note
that in Cases 2 and 3, both bars rotate at the same pattern speed). a and aL denote the semi-major axis of the
COBE/DIRBE and Long bar in kpc, respectively, while, Mb and MbL give the mass of the COBE/DIRBE and Long
bar in M , respectively.

Model
PMM04

Bar
Composite

R0
8.5

b
60.

a
3.1

aL
4.5

Mb
1010

Mb L
6 × 109

Figure 1. Morphology and kinematics in Case 2 and PMM04 model. Left panel: orbits in the (x,y) plane, the
colours showing different parts of the rings. The asterisk marks the position of the Sun. Middle and right panels:
(l,v) diagram of the inner and outer manifolds, respectively. The circular terminal velocity is given by the black
dotted line.

diagram) of the inner and outer rings, respectively. The dashed lines in these panels sketch the observed
position of the 3-kpc near and far arm and of the Galactic Molecular Ring, respectively [8, 9], and the
dotted lines show the circular terminal velocity.
3. CONCLUSIONS
After the study performed in [4] and summarised here, we can conclude that the manifolds are able to
reproduce the observed kinematics of the gas of the inner 2 − 6 kpc of the Milky Way Galactic disc. The
outer ring reproduces well the overdensity in the (l,v)-diagram corresponding to the Galactic Molecular
Ring. In some cases, the size and elongation of the inner ring reproduces the near and far 3-kpc arm.
The study also reveals that models with less strong bars cannot reproduce the line-of-sight velocities
at l = 0◦ , suggesting that the strength of the model Galactic bars is mild. The introduction of the Long
bar has an effect on the elongation of the inner orbits and increases the line-of-sight velocities. The
value of the angular separation between the bars introduces changes both in the morphology and in the
kinematics.
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