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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.

• 利用Gaia DR 3的运动学数据来研究Ccollider 132  moving group与Gulliver 21之间可能的联系
• 二者的运动学关系将为moving group的形成和演化提供强有力的观测约束。



Data



Age and Metallicity Difference

1. Collinder 132 moving group：包含5个
subgroup为ASCC 32, Collinder 132 gp 1–4，
年龄为25Mry。
•  [M/H]∼ −0.32

2. Collinder 132 gp 5–6：年龄50-100Myr。
• [M/H]∼ −0.24

3. Gulliver 21：275Myr。
• [M/H]∼ −0.09

在8个subgroups中根据明显的年龄差异分成3个group



Velocity Distribution Features

• tight correlation �_x000F_between U-V

•  form parallel diagonal stripes with identical 

slopes in the U –V plane

• kinematic structure  is similar to the 692 

Myr-old dissolving cluster Alessi 62

Collinder 132-Gulliver 21 stream



Characteristics 



Spatial Distribution
• extend 270pc
• 接近Local Arm center
• 年老的group被其余两个group环绕
• ASCC 32, Collinder 132 gp 1–4)：filamentary-type (Pang 2022a)



Dynamical origin 



Fig （a）
• 紫红色指向西：young Collinder 132 moving subgroups 
• 蓝色：50Myr的group。
• 粗箭头：Gulliver 20 的成员星。
Fig （b）：
• Gulliver 21 is passing through the Collinder 132 moving groups
• intermediate-age group move toward Gulliver 21’s orbit



• 加号表示形成时的位置
• 三角形表示现在的位置
• 圆：100Myr后的位置

• 现在余下7 subgroups离Gulliver 21最近的时候

• Collinder 132-Gulliver 21 stream是轨道重叠形成的

• 50Myr后Collinder 132 gp 5-6 以及Collinder 132将远离Guliver20



Resonance Scenario
• Gulliver 21和Conllider 132 gp5、6 可能分散到Collider 132的位置。

• 随后fly-by，并在大约20Myr前形成了collider 132-Gulliver 21 stream。

• 50Myr后，轨道将再次分离。�_x000F_

Phase-mixing Scenario
• the perturbation occurred  500～700 Myr ago,

• 但是先前的扰动激发了horizontal phase mixing，影响了盘上的恒星运动。

• 3个星团group的horizontal phase mixing导致了stream的形成



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 5–6

 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





补充



transient spiral waves
• transient spiral waves

• Sellwood & Binney (2002)首次提出由短暂的旋臂密度波会导致恒星的
径向迁移。同样的机制也适用于星团，并且对它们没有破坏性，因为
星团的内部cross time远比它们通过螺旋密度波所需的时间短(Gieles 
等人。2007年）。

• 靠近旋臂的单个螺旋波可以在没有显著加热的情况下扰动角动量20%，
使物体从一个圆形轨道移动到另一个圆形轨道

• 多个旋臂的作用将导致随机运动。物体的角动量变化将持续几个Gyr。
• 相反，长期的旋臂不会产生净效应，物体进入时与离开时的扰动抵消

了。



Lindblad resonance

• 在距离星系中心一定距离的星系盘中，能影响到恒星的共振。
• 当恒星在其轨道上运动的径向分量(即中心方向的内外分量)的固有频率与恒星通过passage时的与spiral 

pattern相关的引力势最大值的频率相同时，就会发生这种现象。
• 如果恒星绕中心运动的速度快于并超过spiral pattern的速度，那么就会发生inner Lindblad resonance。

反之则为outter Lindblad resonance



space type（Pang2022）



distance correction



• 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  (GMC)

• 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


