Dynamical Origin for the Collinder 132-Gulliver 21 Stream:
A Mixture of three Co-Moving Populations with an Age Difference of 250 Myr
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ABSTRACT

We use Gaia DR 3 data to study the Collinder 132-Gulliver 21 region via the machine learning algo-
rithm STARGO), and find eight subgroups of stars (ASCC 32, Collinder 132 gp 1-6, Gulliver 21) located
in close proximity. Three co-moving populations were identified among these eight subgroups: (i)
a coeval 25 Myr-old moving group (Collinder 132); (ii) an intermediate-age (50100 Myr) group:; and
(iii) the 275 Myr-old dissolving cluster Gulliver 21. These three populations form parallel diagonal
stripe-shape over-densities in the UV distribution, which differ from open clusters and stellar groups
in the solar neighborhood. We name this kinematic structure the Collinder 132-Gulliver 21 stream, as
it extends over 270 pc in the 3D space. The oldest population Gulliver 21 is spatially surrounded by
the Collinder 132 moving group and the intermediate-age group. Stars in the Collinder 132-Gulliver 21
stream have an age difference up to 250 Myr. Metallicity information shows a wvariation of (0.3 dex
between the youngest and oldest populations. The formation of the Collinder 132-Gulliver 21 stream
involves both star formation and dynamical heating.q‘he youngest population (Collinder 132 moving
group) with homogeneous metallicity is probably formed through filamentary star formation. The
intermediate-age and the oldest population were then scatted by the Galactic bar or spiral structure
resonance to intercept Collinder 132°s orbit. Without mutual interaction between each population, the
three populations are fiying by each other currently and will become distinct three groups again in
approximately ~50 Myr.
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Introdution

Formation mechanism
1. stochastic transient spiral waves: heat up the disk and generate moving
groups.
« produces horizontal velocity components along the Galactic disk
2. resonances:
« horizontal branch/arch of constant V in the U -V space,
3. external perturbation: triggered by a minor merger event,

« produces vertical phase mixing



Collinder 132 host two populations (Clari’a (1977); Eggen (1983).
Collinder 132 to be a coeval moving group extending 197 pc with an age
of 25 Myr. Kounkel & Covey (2019))

in the same sky region, Gulliver 21 with age of 275 Myr.

As no investigation has been made for Collinder 132 and
Gulliver 21 vet, whether or not this older cluster, Gul-
liver 21, is associated with Collinder 132 moving group
is still unknown. If an association exists, the origin of
this moving group can be further constrained by the dy-
namical formation mechanism.
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Data

Table 1. General properties of eight subgroups in the Collinder 132-Gulliver 21 stream

Cluster R.A. Decl. Dist. X Y Ze RV fLo COS O e Age M, Th Tt N
(deg) (pc) (kms™')  (masyr™')  (Myr) (Mo)  (po)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  (11) (12)  (13) (14) (15)
ASCC 32 105.730278 —26.449193 795.2 —416.7 —-664.6 —130.3 32.4 —3.228 3.475 25 5776 174 11.7 519
Collinder132gp1  108.870127 —31.069356 655.1 —287.8 —579.4 —103.2 21.T —4.227  3.756 25 144.4 28.7 7.3 142
Collinder 132gp2 107.042730 —25.625351 689.6 —364.9 —576.7 —~98.7 28.0 —3.916  3.617 25 362.7 28.2 10.0 385
Collinder 132gp3  107.437642 —25.401309 602.2 —-316.9 —506.1 —78.4 26.1 —4.949 3.749 25 121.1  15.2 6.9 123
Collinder 132gp4  107.181518 —30.328868 789.1 —365.5 —686.4 —133.9 30.3 —3.417  3.407 25 68.4 14.6 5.7 58
Collinder 132gp 5 107.638309 —27.792975 599.4 —297.3 —513.2 —87.3 37.9 —3.231  6.356 50 53.1 9.0 5.3 56
Collinder 132gp6  111.643982 —30.322059 615.6 —270.2 —548.8 —69.8 34.1 —4.354  6.113 100 39.5 15.5 4.8 40
Gulliver 21 106.972407 —25.450964 648.7 —345.0 —542.1 —89.4 39.8 —1.907 4.214 275 176.5 9.3 7.9 173

NoTE— Columns 2-10 list the median values of the subgroup member properties. R.A. and Decl. are the right ascension and declination. Dist. is the corrected
distance. X., Y., and Z. are the positions of each subgroup in heliocentric Cartesian coordinates after distance correction. RV is the radial velocity. p, cosd
and us are the components of the proper motion. The age of each subgroup is derived from PARSEC isochrone fitting (Figure 1). M, is the total mass of
each subgroup. r, and r; are the half-mass radius and the tidal radius of each subgroup, respectively. The tidal radius is computed using Equation (12) in
Pinfield et al. (1998). N is the total number of members in each subgroup.
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Figure 1. Absolute magnitude CMDs (with Mg adopting Gaia DR 3 parallaxes) for member stars obtained from Gaia DR 3.

The colored dots in each panel represent the corresponding member candidates in each subgroup. Black crossed symbols are
field stars that are excluded from further investigation (see Section 3.1). The PARSEC isochrones of the best fitted age are
indicated with the black solid curves, with solar metallicity and estimated Av. The black dotted curve is isochrone of 50 Myr,
with solar metallicity and Av=0.06. The grey dashed curves in (f)(h) are 25 Myr isochrones for comparison.



Velocity Distribution Features
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Figure 2. (a) Projected spatial distribution of member candidates. Cross-matched members with the Collinder 132 moving

group in Kounkel & Covey (2019, KC19) are indicated by the black plus symbols. Matched stars with Theia 86 moving group
in KC19 are shown as grey plus symbols. (b) The U~V velocity distribution for eight subgroups in the Collinder 132-Gulliver 21
region obtained from this study. Members of these eight subgroups are shown as colored dots. The mean errors of I and V are
indicated in the bottom-left corner.
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Characteristics



Spatial Distribution

« extend 270pc
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Figure 3. 3D morphology of the Collinder 132-Gulliver 21 stream in Galactocentric Cartesian coordinates after distance
correction via a Bayesian approach (Pang et al. 2021a). The black solid curve represents the Local Arm center, and the Local
Arm edge is denoted as the black dotted curve. The position of the Sun is taken at (X,Y,Z) = (—8150, 0, 5.5) pc (Reid
et al. 2019). The age of each subgroup is indicated in panel (b) to show that the oldest population is surrounded by young
populations.



Dynamical origin



Fig (a)
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Fig (b)

« Gulliver 21 is passing through the Collinder 132 moving groups

« intermediate-age group move toward Gulliver 21’s orbit
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Figure 5. (a) The relative PMs of member candidates. All PM vectors are relative to the median PM of Gulliver 21. The
vectors of Gulliver 21 members are thicker and are using different scaling than those for other groups (upper-right corner). (b)
(c¢) The relative 3D velocity vectors for members, projected onto the XY and Y- Z planes. The median motion of Gulliver 21 is
taken as the reference. We only show velocity vectors for stars with S/N>20 in RV, of which the mean error is 5.8 kms™"'. The
large thick grey arrows represent the mean velocity of each subgroup relative to that of Gulliver 21, whose scaling is indicated

in the upper-left corner (grey arrow)
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Resonance Scenario
. Gulliver 21#IConllider 132 gp5. 6 1 g4 &2 Collider 132117 &
o [tJSfly-by, FHAERZ120MyrEiE Y T collider 132-Gulliver 21 stream,
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Phase-mixing Scenario
 the perturbation occurred 500 ~ 700 Myr ago,

« (2RI & T horizontal phase mixing, 20 1 &% FIE 2iz5).
- 34~E Hlgrouphthorizontal phase mixing 5% T streami i,



Summary

1. Eight subgroups are divided into three co-moving populations:
» 25 Myr: Collinder 132 moving (ASCC 32, Collinder 132 gp 1-4)
» 50-100 Myr: Collinder 132 gp 56
» 275 Myr:Gulliver 21
2. In U -V velocity distribution, three populations stands out as parallel diagonal stripes, following a
tight U =V correlation.
3. All three co-moving populations are gravitationally unbound, and are undergoing disruption.
4. The Collinder 132-Gulliver 21 stream has a dynamical origin,
» Collinder 132 moving group was born in the spiral arm from filamentary star formation in its
natal GMC
» Galactic bar and spiral structure resonance may then have scattered Gulliver 21 and the
Collinder 132 gp 5-6 towards the location of the Collinder 132 moving group.
» After 50 Myr, the stream wil start separate
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transient spiral waves

« transient spiral waves

» Sellwood & Binney (2002) & X4 H Hi F2 27 1 e % B = 7 8UE B /Y
R, [FEAERALEHEE B, EX eI, HoN
B A IN#fcross timet LU B AT i WE e 85 32 I8 i 75 i 1) [B) i (Giieles
42N, 20074F) .

o FEILEE B BRI ] UAERCR WA AR O R s A 3 E20%,
AN —A B FIERS 30 2 7 — 4 R P

o ZPMIEEERR R EREVLEs). YIRS E AR R L Gyr,

o HHE, KUIWIEE A AR, YRR S BT P #EiH
T.



Lindblad resonance
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Lindblad resonance

QUICK REFERENCE

A resonance that can affect stars in a galaxy's disk at certain distances from the galaxy's centre. It occurs when the natural frequency of

LEERIER=VINEES /R
M KAEXFIR .

SR E Tk d spiral patternfyi# s, A4

1t passagels} 1 5 spiral

i< % 4 inner Lindblad resonance.

¥ lkpe

the radial (i.e. in and out in the direction of the centre) component of motion of a star in its orbit is the same as the frequency of passage
of the star through the maxima of the gravitational potential associated with the spiral pattern. If the star is moving around the centre

faster than, and overtakes, the spiral pattern, then an inner Lindblad resonance occurs; if the pattern is moving faster than the star

around the centre, then an outer Lindblad resonance occurs. At an inner resonance, energy is fed into the orbits of the stars from the
spiral pattern, and vice versa at an outer resonance. The effect is named after B. Lindbiad.
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Figure 9. The relative 3D velocity vectors projected onto the X-Z plane, for members of the example clusters in Figure 5.
The median value of each cluster is taken as the reference. The grey dashed circle represents the tidal radius of each cluster or
group. Only 3D velocities within 3 median absolute deviation from the median value are shown. Colors are identical to those
in Figure 5.



distance correction

Carrera 2019
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Moving groups : co-moving stars that typically extend from a few hundred parsecs to a few

kiloparsec in space.
Formation:
 originate from disolving cluster
« form simultaneously in the same (GMCQ)

formation mechanism of non-coeval moving groups
« stochastic transient spiral waves: heat up the disk and generate moving groups.

produces horizontal velocity components along the Galactic disk

* resonances:
« external perturbation: triggered by a minor merger event,

» produces vertical phase mixing



