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Abstract. In recent years, with new ground-based and HST measurements of proper motions of the
Magellanic Clouds being published, a need of a reanalysis of possible orbital history has arisen. As
complementary to other studies, we present a partial examination of the parameter space – aimed at
exploring the uncertainties in the proper motions of both Clouds, taking into account the updated values
of Galactic constants and Solar motion, which kinematically and dynamically influence the orbits of the
satellites. In the chosen setup of the study, none of the binding scenarios of this pair could be neglected.

1. REGARDING THE VARIETY OF PROPER MOTIONS
Proper motions (PM) from HST measurements [1–3] increased possible velocities of the Magellanic
Clouds with the respect to the Galactic center, closer to or exceeding the escape velocity. Subsequent
orbital studies came with a theory of the first orbital passage [7] and challenged the plausibility of a
traditionally accepted bound satellite history. Recently, using the updated position of the Sun and VLSR
[12, 13], several works show, that even with the HST proper motions, the Magellanic Clouds are more
likely to be bound to the MW [9–11]. New ground-based proper motion measurements [4–6], which use
different approach to the PM estimation, bring back the possibility of having even lower velocities.
In this paper, we present a simple illustrative study of the past orbital history, taking into account the
mentioned updated rotation rate and the recently published velocity vector of the Sun [8]. A set of orbits
of two softened point masses approximating the LMC and SMC in the rigid analytical potential of the
Milky Way (see Table 1), with dynamical friction included, has been calculated. Simulations within the
presented set differ only by the initial velocity vector corresponding to the sweep over the uncertainty
of the PM space (see Fig. 1). Some graphical outputs of the results are depicted in Fig. 2. Evidently,
such results indicate Magellanic Clouds being bound to the Milky Way. The other question is, whether
they can form a bound binary by themselves (possible similar formation history), or the SMC is an
independent satellite, thus unbound all the time or later captured by LMC during close encounters (as
proposed eg. by [11]). In the chosen setup within the wide range of PMs, all basic scenarios exist (see
Fig. 2). However, the decision on the long-term binding relationship is sensitive to the used range of PM
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Table 1. The Milky Way model: Hernquist bulge, Miyamoto-Nagai disk and NFW halo. Virial mass and radius are
set to roughly correlate with the updated VLSR , similarly to [9] approach.
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Figure 1. Range of Centre-of-mass proper motions from literature [1–6], and derived |V |, which has
overall lower values assuming updated Galactic constants (here: R = 8.4 kpc, VLSR = 242 km/s, V =
(11.10, 12.24, 7.25) km/s) in comparison with the standard IAU value of VLSR = 220 km/s, and with the obsolete
Hipparchos Solar motion.

Figure 2. From the left, a) and b): Distribution of LMC and SMC orbits during the backward integration (to
−5 Gyr) projected onto the y − z plane. Selected solutions for the mean values of measured proper motions
are plotted in colors, according to Fig. 1; c) Right panel: Evolution of the difference between the amplitude of
the relative velocity LMC–SMC and the escape velocity from the LMC potential – for this simple approach –
the Magellanic clouds being softened points with classical assumptions of masses: (MLMC , MSMC ) = (2.0, 0.3) ·
1010 M . Statistically significant subset of results occupies the space with velocities lower then Vesc , still around
the time of −1 Gyr. Thus SMC may form the bound binary with LMC in similar configurations. Some of
the results show long-term binding relationship – a representative one may correspond to the blue mean value
orbit [4, 5].

values and to the treatment of gravity between the Clouds – and therefore should be explored in a more
realistic study.
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