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Formation imprints in the kinematics of the Milky Way globular cluster system
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ABSTRACT

We report results on the kinematics of Milky Way (MW) globular clusters (GCs) based on updated

space velocities for nearly the entire GC population. We found that a 3D space with the semi-major

axis, the eccentricity and the inclination of the orbit with respect to the MW plane as its axes is helpful

in order to dig into the formation of the GC system. We find that GCs formed in-situ show a clear

correlation between their eccentricities and their orbital inclination in the sense that clusters with large

eccentricities also have large inclinations. These GCs also show a correlation between their distance to

the MW center and their eccentricity. Accreted GCs do not exhibit a relationship between eccentricity

and inclination, but span a wide variety of inclinations at eccentricities larger than ∼ 0.5. Finally,

we computed the velocity anisotropy β of the GC system and found for GCs formed in-situ that β

decreases from ≈ 0.8 down to 0.3 from the outermost regions towards the MW center, but remains

fairly constant (0.7-0.9) for accreted ones. These findings can be explained if GCs formed from gas

that collapsed radially in the outskirts, with preference for relative high infall angles. As the material

reached the rotating forming disk, it became more circular and moved with lower inclination relative

to the disk. A half of the GC population was accreted and deposited in orbits covering the entire

range of energies from the outer halo to the bulge.
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1. INTRODUCTION

The study of the orbital motion of Milky Way (MW)

globular clusters (GCs) has gained a renewed enthusi-

asm since the second data release (DR2) of the Gaia

mission (Gaia Collaboration et al. 2016, 2018a) became

publicly available (see, e.g. Li et al. 2018; Simpson 2019;
Watkins et al. 2018). Previous studies of MW GC mo-

tions have shed some light on our knowledge about their

formation and assembly history. For instance, Dinescu

et al. (1999) obtained orbits for 38 GCs and found that

some of them have large eccentricities and apogalactic

distances larger than 10 kpc. They also found that in-

ternal two-body relaxation is more important than the

destruction processes due to disk and bulge shocking.

More recently, Pérez-Villegas et al. (2018) analyzed 9

bulge GCs and concluded that they move on rather ec-

centric prograde or retrograde orbits that are strongly

influenced by the Galactic bar. A chaotization of the
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cluster orbits due to the MW bar was also found by

Chemel et al. (2018) from the analysis of the motions

of 115 GCs in a non-axisymmetric MW potential with

a bar.

As far as we are aware, the most complete compi-

lation of Gaia DR2 proper motions and ground-based

line-of-sight velocities to date is that of Baumgardt et al.

(2019)1, who derived from them the space velocities of

156 GCs, and velocity dispersion profiles of 141 GCs.

Their data set includes all GCs analyzed by Gaia Collab-

oration et al. (2018b) and Vasiliev (2019), respectively.

Baumgardt et al. (2019) derived the total mass lost by

GCs since their formation by computing their orbital

motions backwards in time, accounting for mass-loss

and dynamical friction. They found that the dynam-

ical evolution plays an important role in the GC’s mass

loss process, in agreement with Dinescu et al. (1999).

The derived Galactic positions (X,Y, Z), space veloci-

ties (U, V,W ) and perigalactic (Rperi) and apogalactic

(Rapo) distances can now be exploited to go forward in

1 Available at: https://people.smp.uq.edu.au/HolgerBaumgardt/globular/
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our understanding of the dynamical behavior of the an-

cient Galactic GC system, and hence to draw some clues

on the formation of the MW.

Precisely, in this work we comprehensively analyze the

positions and velocities obtained by Baumgardt et al.

(2019), and discuss the relationship between different

orbital properties, in order to unveil possible scenarios

of the events that took place during the formation of the

MW. In Section 2 we derive the aforementioned kine-

matic properties, whereas Section 3 deals with the anal-

ysis of some relevant relationships and the comparison

with recent results on different mechanisms of the GC

formation. Finally, we summarize the main conclusions

of this work in Section 4.

2. ORBITAL PROPERTIES

Several kinematic properties can be derived from the

orbital parameters obtained by Baumgardt et al. (2019),

namely: from the average values of Rperi and Rapo we

define the mean semi-major axis of the GCs’ orbits as:

a =
Rperi +Rapo

2
. (1)

The semi-major axis has the advantage to be less

time-dependant than the GC’s Galactocentric distance

(RGC), and is more representative of the distance of a

GC’s birthplace to the Galactic center or the average

distance where a GC was deposited after accretion of its

host dwarf galaxy onto the MW. We also computed the

orbital eccentricity (ε) as:

ε =
Rapo −Rperi
Rapo +Rperi

; (2)

the components of the angular momentum:

LX = Y ×W − Z × V, (3)

LY = Z × U −X ×W, (4)

LZ = X × V − Y × U ; (5)

and the inclination of the orbit:

i = acos

(
LZ√

L2
X + L2

Y + L2
Z

)
. (6)

Note that i values range from 0◦ for fully prograde in-

plane orbits to 90◦ for polar orbits to 180◦ for in-plane

retrograde orbits.

We also transformed the U , V and W space velocity

components to the spherical ones Vr, Vθ and Vφ.

For each orbital property f(x1, x2, ..., xn), we de-

rived its respective uncertainty through Monte Carlo

simulations. We run one thousand computations of

f(x1, x2, ..., xn) for each GC, each time using random

values for all the involved independent variables xi (i =

1, ..., n). These random values were choosing among all

possible ones in the interval [< xi > −σ(xi), < xi >

+σ(xi)], where < xi > and σ(xi) are the mean values

and errors of the involved cluster properties (variables)

derived by Baumgardt et al. (2019). Then, we built a

histogram from all the resulting f(x1, x2, ..., xn) values

and considered as the uncertainty of f(x1, x2, ..., xn) 1/2

of the f range where more than 16% and less than 84%

of the points are distributed.

Finally, we calculated the velocity anisotropy β. In

doing this, we have first split the GC sample into three

groups: a ≤ 3 kpc (bulge); 3 kpc < a ≤ 20 kpc (disk)

and a > 20 kpc (outer halo). Then, we computed the

velocity dispersions σVr, σVθ and σVφ in Vr, Vθ and Vφ,

respectively, using a maximum likelihood approach by

optimising the probability L that the sample of selected

GCs with velocities Vi and errors ei are drawn from a

population with mean < V > and dispersion σ (e.g.,

Pryor & Meylan 1993; Walker et al. 2006), as follows:

L =

N∏
i=1

(
2π (e2i + σ2 )

)− 1
2 exp

(
− (Vi− < V >)2

2(e2i + σ2)

)
,

(7)

where the errors on the mean and dispersion were com-

puted from the respective covariance matrices. Finally,

we computed β as follows:

β = 1− (σVθ)
2 + (σVφ)2

2(σVr)2
, (8)

We tried different relationships between the derived

independent parameters, and found that using i versus

ε versus log(a) results in the best enlightenment of the

overall kinematic state of the GC system. Fig. 1 depicts

this relationship for the GC sample. As can be seen,

GCs with prograde orbits do not span the whole ranges

of i and ε values randomly, but follow a general trend, in

such a way that i increases with ε. There are a handful

of GCs with prograde orbits with ε & 0.5 and i . 25◦

that depart from this general relation, as well as some

few GCs with ε . 0.3 and i & 50◦. Regardless of these

cases, the unveiled correlation shows that at a fixed ec-

centricity, the i range can vary (full range) between ∆(i)

∼ 20◦ (ε ∼ 0.2) and ∆(i) ∼ 80◦ (ε ∼ 0.9).

We interpret this behavior as if the present-day in-

clinations – along with the eccentricities and the semi-

major axes – of the GC population have somehow kept

imprints of their formation epoch. In general, they have

orbits with large e and i values. For GCs with prograde

orbits and 3 kpc < a ≤ 20 kpc, we derived a Spearman
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rank-order coefficient of 0.62 between their inclinations

and their eccentricities, for those with ε < 0.5 and i <

50◦, 0.44, and for the whole prograde GC sample, we

obtained 0.39. As for retrograde GCs, they have orbits

with ε & 0.5 and with larger i values as their semi-major

axes increase.

These features reveal that, independently of the di-

rection of rotation (prograde or retrograde), GCs with

more circular orbits tend to be more numerous in the

inner parts than those in the outer parts of the Milky

Way. In order to confirm such an orbital motion pattern,

we plot in Fig. 2 the (V 2
φ + V 2

θ )/V 2 ratio as a function

of the semi-major axis. It shows that GCs with log(a

/kpc) . 0.8 kpc are more numerous for (V 2
φ +V 2

θ )/V 2 &
0.8. Note that this behavior is observed in GCs rotating

in prograde and retrograde orbits.

The transition from nearly radial orbits of the outer-

most GCs to more or less disk-like rotating GCs in the

MW main body (3 kpc < a ≤ 20 kpc) to the orbital

anisotropy of the MW bulge GCs is also supported by

the variation of the velocity anisotropy in terms of the

distance from the Galactic center. We used the com-

puted σVr, σVθ and σVφ values as described above and

then evaluated eq. (8). The resulting β values for the

three distance ranges (bulge, disk, outer halo) turned

out to be 0.29, 0.51 and 0.79 for prograde orbits of GCs

formed in-situ (see also Section 3 for a discussion of GCs

formed in-situ) and 0.72, 0.67 and 0.90 for retrograde

ones, respectively, with typical σ(β) ≈ 0.1. This result

shows that while prograde orbits of GCs formed in-situ

lose the radial imprints from the outer halo towards the

bulge, the retrograde (accreted GCs, see Section 3) ones

keep it throughout the whole MW.

3. ANALYSIS AND DISCUSSION

Nearly 75 per cent of the GCs have prograde orbits

and they have mean i values of (70±20)◦ and (30±20)◦,

for outer halo and disk GCs, respectively. On the other

hand, most of the GCs with retrograde orbits – thought

to come from an accretion origin – have been able to keep

their relatively high inclinations and eccentricities, even

though some of them have reached very deep into the

central regions of the MW (see Figs. 1 and 2). Here we

make only use of the notion of accreted GCs described

by Forbes & Bridges (2010) based on that retrograde

motions are the signature of objects that have been ac-

creted in the opposite rotational sense to the main bulk

of Milky Ways rotation. Note that accreted GCs can

also have prograde orbits, which we considered in the

following analysis. For this reason, Forbes & Bridges

(2010) also investigated the age-metallicity relationship

as a diagnostic tool to disentangle accreted and formed
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Figure 1. Relationship between the inclination (i) and the
eccentricity (ε) for the GC sample. Symbols have been col-
ored according to the color bar at the right margin. Typical
error bars are also indicated.
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Figure 2. (V 2
φ + V 2

θ )/V 2 ratio as a function of the semi-
major axis for the GC sample. Typical error bars are also
drawn.

in-situ GCs (see also Kruijssen et al. 2019). Since ac-

creted GCs could also have prograde orbits, we assumed

for them a similar number of objects as the GCs with

retrograde orbits and with their same inclination distri-

bution. Thus, we were able to subtract from the ob-

served inclination distribution of prograde GCs that of

retrograde GCs to obtain the distribution of prograde

GCs formed in-situ.

We computed these inclination distributions of GCs

in prograde and retrograde orbits for our three semi-

major axis ranges. In order to build those distributions

we considered each inclination as represented by a one-

dimensional Gaussian of unity area centered at the re-



4 A.E. Piatti

spective i value, with a FWHM/2.355 equals to the i

error. Then, we used a grid of i bins with sizes of ∆(i)

= 10◦ and added the fractions of the Gaussians’ areas

that fall into the bin boundaries. Thus, by taking into

account the uncertainties of the i estimates, we were

able to produce actual observed i distributions (not dis-

tributions coming from considering only mean individ-

ual i values) (see, e.g. Piatti 2014; Piatti et al. 2019).

Fig. 3 shows the resulting distributions. As can be seen,

there is a general different distribution of GCs in pro-

grade orbits formed in-situ (bottom panel) with respect

to those on retrograde GCs (middle panel). The latter

show nearly similar inclination distributions in the three

spatial ranges.

If we assumed that accreted GCs arrived uniformly

from arbitrary directions, the distribution of their orbit

poles would be uniform on a sphere. This means that the

number of points at orbit poles ∼ 90◦ (i ∼ 0◦) should

be smaller than that for orbit poles ∼ 0◦ (i ∼ 90◦).

Precisely, Fig. 3 (middle panel) shows – at least for disk

and outer halo GCs – that the larger the inclination, the

larger the number of GCs, giving some support to the

above assumption.

The outcome for GCs formed in-situ would imply that

the initial collapse of gas out of which the GCs were

formed was more or less isotropic – outer halo GCs

have orbits spanning the whole range of inclinations –,

and that, after the first disk passage, the motion of the

gas became more circular and parallel to the Galactic

plane – disk GCs have orbits with inclinations peaked

at ∼ 30◦. In the bulge region, opposite currents of gas

clashed, resulting in GCs spanning the whole range of

eccentricities and inclinations (see also Figs. 1 and 2).

Therefore, there could be a transition from mostly ra-

dial (outer MW) to more circular (inner MW) prograde

orbits. Note that the formation of all these prograde

GCs has happened in a space of time of . 3 Gyr (Krui-

jssen et al. 2019, and references therein). The accretion

of GCs could have happened concurrently with the GC

formation or a couple of Gyrs later (Helmi et al. 2018).

Nevertheless, in either case, accreted GCs have not been

fully subject of the angular momentum acquired by the

early MW disk.

We have searched the literature seeking for any re-

cent comprehensive model of the MW GC formation and

found that most of the latest developments do not in-

clude kinematical GC signatures (see, e.g. Renaud et al.

2017; El-Badry et al. 2019). Binney & Wong (2017) de-

veloped a model of the hierarchical assembly of GCs and

found that halo GCs show clearer rotation than their

stellar counterpart; Fattahi et al. (2019) showed that

halo metal-rich stars have highly eccentric orbits. The

outcomes of Binney & Wong (2017) agree with our find-

ing of more eccentric orbits for halo GCs. Nevertheless,

the authors mentioned that their results are preliminary

and that their analysis should be revisited.

Accretion of GCs has recently been more extensively

discussed in the literature. Helmi et al. (2018) and

Belokurov et al. (2018) claimed that only one major

merger with a dwarf galaxy slightly more massive than

the Small Magellanid Cloud was responsible for the for-

mation of the MW think disk∼ 10 Gyr ago, while Pfeffer

et al. (2018) and Kruijssen et al. (2019) introduced the

accretion origin of GCs in a general cosmological con-

text. Particularly, Kruijssen et al. (2019) found that

the MW has experienced no major mergers since ∼ 13

Gyr ago. Recently, Gallart et al. (2019) showed that

there exist also an in-situ inner halo formed within the

seed progenitor of the MW, just after the accreted inner

halo population.

Helmi et al. (2018) associated to the merging dwarf

galaxy Gaia-Enceladus 13 GCs (NGC 288, 362, 1851,

1904, 2298, 4833, 5139, 5286, 6205, 6341, 6779, 7089,

7099) with Lz < 250 kpc km/s, no mention whether

their orbits are prograde or retrograde, but simply

that they show a consistent age-metallicity relationship.

However, the top-left panel of Fig. 4 highlights the posi-

tions of these GCs in the i versus ε plane, revealing that

they have relatively large eccentricities and rotate in ei-

ther prograde or retrograde orbits. In the case of Krui-

jssen et al. (2019), the authors identified three less mas-

sive dwarf progenitors each with a number of GCs asso-

ciated to them, namely: Sagittarius (NGC 5634, 6715),

Canis Major (NGC 1851, 1904, 2808, 4590, 5286, 6205,

6341, 6779, 7078, IC 4499) and Kraken (NGC 362, 1261,

3201, 5139, 5272, 5897, 5904, 5946, 6121, 6284, 6544,

6584, 6752, 6864, 6934, 6981, 7006, 7089). These GCs

also have in general large eccentricities and are mov-

ing in either prograde or retrograde orbits (see top-

right panel of Fig. 4). Gaia-Sausage is the same Gaia-

Enceladus elongated structure in velocity space men-

tioned above, created by a massive dwarf galaxy (∼
5×1010 M�) on a strongly radial orbit that merged with

the MW at a redshift z . 3 (Belokurov et al. 2018).

Myeong et al. (2018) listed NGC 362, 1261, 1851, 1904,

2298, 2808, 5286, 6779, 6864 and 7089 as probable candi-

date GCs associated to Gaia-Sausage, showing a partial

overlap with those listed by Helmi et al. (2018). We de-

picted them in the bottom-left panel of Fig. 4, showing

that they also split into prograde and retrograde highly

eccentric orbits. All candidate GCs with a dwarf origin

have semi-major axes from ∼ 5 up to 25 kpc and Vφ
velocity components relatively small (see bottom-right

panel of Fig. 4).



The formation of Milky Way globular cluster system 5

At this point, some unavoidable issues arise: firstly,

there is an overlap of GCs associated to different host

dwarf galaxies accreted onto the MW. Indeed, by com-

paring the list of GCs associated to Gaia-Sausage, Gaia-

Enceladus, Sagittarius, Canis Major and Kraken, it is

easy to identify those GCs included in two or three dif-

ferent lists. Myeong et al. (2018) used 6D information to

search structures in action space of 91 GCs and a char-

acteristic energy which separates the in-situ objects in

Gaia-Sausage. Similarly, Helmi et al. (2018) constrained

the azimuthal angular momentum Lz to be smaller than

250 kpc km/s, in addition to distances between 5 and

15 kpc from the Sun, and 40◦ away from the Galactic

center to select GCs associated to Gaia-Enceladus. Fi-

nally, Kruijssen et al. (2019) based the selection of GCs

associated to Sagittarius, Canis Major and Kraken on

the reconstruction of the MW’s merger tree from its GC

age-metallicity distribution, and on the estimation of the

number of mergers as a function of mass ratio and red-

shift. As can be inferred from the mentioned works, the

partial agreement found between the outcomes of dif-

ferent selection procedures points to the need of further

refinement.

Secondly, every group of associated GCs does not con-

tain only GCs in retrograde orbital motions or in pro-

grade ones, with the exception of Sagittarius. Gaia-

Sausage and Canis Major have the same number of

GCs with prograde/retrograde orbits, Gaia- Enceladus

have a prograde/retrograde orbits ratio of 8:5, while

Kraken 5:13. This means that either the selection of

GCs associated to accreted dwarf galaxies based only

on their angular momentum, or on their energies or on

age-metallicity relationships is not enough as selection

criteria. These astrophysical properties in addition to

other properties would seem to be needed. Note, par-

ticularly, that two methods of selecting GCs associated

to Gaia-Enceladus (= Gaia-Sausage) have obtained two

different GC samples, with some overlap (Helmi et al.

2018; Myeong et al. 2018). If we assumed that any ap-

plied methods to find out GCs associated to accreted

dwarf galaxies were robust, we should admit that GCs

associated to the same accreted dwarf could have been

deposited in retrograde/prograde orbits randomly.

Thirdly, according to Kruijssen et al. (2019) the ratio

of accreted to in-situ GCs is ∼ 2/3, i.e., nearly 40 per

cent of the GC population was formed in dwarf galax-

ies. Here we assumed that the total number of accreted

GCs is twice as big as that of GCs with retrograde or-

bits – we assigned the same probability to accreted GCs

with prograde/retrograde orbits –, so that the accreted

to in-situ GCs ratio turns out to be ∼ 1. This ratio is

∼ 1.5 times that of Kruijssen et al. (2019). Note that

the present analysis does not favor GCs mainly being

formed in-situ, nor accreted ones being observed only in

the outer halo. It still remains an open issue whether

the accreted GC population has been shaped by minor

mergers (ratio 1:100 Kruijssen et al. 2019) or by one ma-

jor merger event (ratio 1:4 Belokurov et al. 2018; Helmi

et al. 2018).

Recently, several works have pointed out fairly large

velocity anisotropy values (β) for the outer halo, and

hence have characterized the motion of the halo stellar

component like a more radial than a tangential subsys-

tem. Bird et al. (2019) obtained β ≈ 0.9 over the Galac-

tocentric distance (RGC) range 5 - 25 kpc for stars more

metal-rich than [Fe/H] = -1.8 dex, and 0.6 for those

more metal-poor (see also, Cunningham et al. (2018)

(β = 0.6)). From RGC = 25 kpc up to 100 kpc, Bird

et al. (2019) found that β steadily decreases until ∼ 0.3,

independently of the metal content. Belokurov et al.

(2018) agree with a high β value (0.9) for stars more

metal-rich than [Fe/H] = -1.7 dex distributed within 10

kpc from the Sun. However, they derived a smaller one

(0.2< β <0.4) for more metal-poor stars. Summing up,

there seems to be a general agreement about the value

of β as a function of the Galactocentric distance and its

dependence on metallicity.

As for GCs, Binney & Wong (2017) found from a

modeled GC system β ∼ 0.68 at RGC = 12 kpc with a

steady decrease down to 0.53 at RGC =30 kpc. Watkins

et al. (2018) used 34 halo ones with distances to the MW

center between 2.0 and 21.2 kpc and derived β = 0.5.

Vasiliev (2018) derived a nearly constant β ∼ 0.6 for

RGC > 25 kpc, and a decrease in the inwards direction

down to β ∼ 0.4 at RGC = 5 kpc, and 0.0 at the MW

center. The constant trend outwards 25 kpc does not

match the decrease found by Bird et al. (2019), while

for RGC < 25 kpc, his value resembles those obtained

from field stars more metal-poor than [Fe/H] < -1.7 dex

(Bird et al. 2019; Cunningham et al. 2018; Watkins et al.

2018). Despite the small difference between the present

GCs sample and that used by Vasiliev (2018), and the

fact that we distinguished between prograde and retro-

grade orbits, our β values for GCs with prograde orbits

are in fairly good agreement with his.

Finally, we analyzed the kinematics of the GC pop-

ulation in light of the MW rotation curve recently de-

rived by Crosta et al. (2018, see also figure 16 in Bland-

Hawthorn & Gerhard, 2016) (see Fig. 5). In the figure,

we considered only GCs in prograde orbits. As can be

seen, bulge GCs (log(a) < 0.2) do have velocity compo-

nents in the direction of the disk rotation smaller that

those predicted for the MW bulge (red line). Here we

speculate with the possibility that GCs and the MW
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Figure 3. Distribution of observed prograde (top panel) and
mirrowed (180◦-i) retrograde (middle panel) GCs and pro-
grade GCs formed in-situ (bottom panel) with semi-major
axes (a) in the ranges: a ≤ 3 kpc (red line), 3 kpc < a ≤ 20
kpc (lime line) and a > 20 kpc (magenta line), respectively.

bulge do not share similar kinematics in the direction of

the disk rotation or that there still are bulge GCs not

found (see, e.g. Ryu & Lee 2018; Camargo 2018). For

GCs spread throughout the MW’s disk, their velocity

components in the direction of the disk rotation span

the whole range below the total MW rotation curve. As

we mentioned above, they have been formed from gas

that fell increasingly circularized into the growing disk,

hence the dispersion in their circular velocities. There

is also a group of GCs that have Vφ values higher than

∼ 250 km/s. They have eccentric orbits and fall out-

side the mean correlation of Fig. 1, and could have an

accretion origin.

4. CONCLUSIONS

In this work we take advantage of the catalogue of

space velocities for nearly all confirmed MW GC popu-

lation built recently by Baumgardt et al. (2019), aiming

at studying the global kinematic properties of them as

one of the ancient Galactic subsystems. Previous at-

tempts have been constrained by the smaller number

of GCs with accurate proper motions and line-of-sight

velocities, among others.

We show that the relationship between the eccentric-

ity and the inclination of the GC orbits sheds light on

the possible sequence of events that occurred when the

Galactic GC system formed. Although the calculated in-

clinations refer to the present-day values, it seems that,

for prograte orbits and 3 kpc < a ≤ 20 kpc, they vary at

most ∼ 10◦ around the mean value at a fixed eccentric-

ity. This behavior makes the inclination of the GC orbit

a useful time-independent orbital parameter. Indeed,

the resulting linear relationship between the eccentricity

and the inclination of prograde orbits suggests that the

larger the eccentricity the higher the inclination. This

trend resulted to be also a function of the semi-major

axis (or averaged Galactocentric distance), so that the

outermost GCs have the orbits with the highest inclina-

tions respect to the Galactic plane and large eccentricity.

For GCs with retrograde orbits, which represent 1/3 of

those with prograde orbits, there is mostly dispersion

over the whole inclination range for eccentricities larger

than ∼ 0.5.

The eccentricity versus inclination relationship for

GCs rotating in prograde orbits reveals that the initial

collapse of the gas that gave birth to the MW GCs was

geometrically radial with preference for relative high an-

gles respect to the Galactic plane. As the gas reached

the growing rotating disk, it became more circular and

parallel to it. Hence, GCs that have been formed in the

outskirts of the MW have very eccentric and highly in-

clined orbits, whereas those belonging to the disk show

direction of movements more similar to that of the disk.

As for GCs with retrograde highly eccentric orbits, they

have likely an origin of accretion. Nevertheless, we also

identified GCs with prograde highly eccentric orbits that

could have been accreted.

The more eccentric orbits of the outermost GCs in

comparison with those of the disk GCs, is also supported
by the resulting velocity anisotropy (β). Particularly,

we computed β for three semi-major axis (a) ranges,

namely: the innermost GCs (a ≤ 3 kpc), GCs span-

ning the extension of the Galactic disk (3kpc< a ≤20

kpc) and outer halo GCs (a> 20 kpc). We found that β

decreases from 0.79 down to 0.29 towards the Galactic

center for prograde GCs. In the case of GCs on retro-

grade orbits, β remains nearly constant (0.75).

I thank Holger Baumgardt for providing me with his

globular cluster database and contributed to improve

the paper and the referee for the thorough reading of

the manuscript and timely suggestions to improve it.
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