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Abstract 
  We measure transverse proper motion velocities of LMC Wolf-Rayet (WR) stars using Gaia DR3 astrometry. The combined 
velocity distribution of WNh, O If*/WN, and WNL very massive stars (> 100 M⊙; VMS) shows both slow, unejected objects (v⊥ < 
10 km/s) and stars dominated by fast, runaway velocities (v⊥ > 24 km/s). These kinematics share similarities with those of lower-
luminosity, classical WNh, O If*/WN, and WNL stars, as well as the SMC field OB stars, suggesting that dynamical ejections may 
also dominate these populations. In contrast, both single and binary WNE stars are ejected populations that show single-peaked 
velocity distributions, suggesting a different ejection mechanism(s). We speculate that single WNE stars might result from 
explosive mergers onto the shell-burning layer, thereby stripping the H envelope. Binary WC stars appear to be faster (median v⊥ 
= 54 km/s) and have higher luminosities than singles (median v⊥=38 km/s), suggesting that single WC stars are not descendants 
of the binaries. Thus, the binaries are probably stripped by mass transfer, while the WC singles likely originate from another 
process. The high velocities of binary WC stars are consistent with some predictions that lower mass clusters generate fast 
dynamical ejections. Single WC and WN3/O3 stars have ambiguous kinematics, but both show high v⊥ (median ~ 38 km/s), 
possibly linked to their lower masses.

•Almost all of the VMS stars with these subtypes are found within 
the 30 Dor region, while most of their classical counterparts are 
found outside of it, supporting the expectation that the VMS stars 
originate from the R136. 


•Since R136 is too young to generate significant SN ejections, the 
data imply that the VMS ages are similar to the dynamical ejection 
timescale, both of which are predicted to be on the order of 1.5Myr.


• single WNE stars have a significant pre-SN binary fraction (21/60 
or 35 ± 9%) which suggests the importance of binary processes in 
their evolution.


•WNE stars have a different origin from the binaries. <̶> created 
from stellar mergers


•The high fraction of pre-SN WC binaries (43 ± 16%) suggests that 
the binary mass-transfer process is important for this subtype. 


•While the observed velocities clarify different aspects of both 
single-star and binary origins, further study is needed to 
determine the roles of all the different WR subtypes in massive star 
evolution.
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Table 1. Kinematic Properties of WR Populations

Population N N median v? wt med v? std err N (30 Dor) N (30 Dor) wt med v? wt med v?

Total Gaia Total Gaia 30 Dor Non-30 Dor

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Total 156 121 30 28 3.0 48 29 21 30

Single 118 91 31 30 3.3 41 23 20 34

Binary 38 30 24 23 7.1 7 6 37 23

Classical WNh, O If*/WN, WNLa 23 21 23 22 7.6 4 3 20 23

VMS WNh, O If*/WN, WNLb 28 17 37 21 7.1 26 15 21 3.6c

WNd 120 94 28 23 3.3 40 25 20 25

WNhe 22 16 22 18 7.1 11 5 43 18

WNh (Classical)a 11 10 20 18 8.9 1 0 · · · 18

WNh (VMS)b 10 5 43 43 14 9 4 52 42

O If*/WNe 13 10 34 20 13 11 8 20 48

O If*/WN (Classical)a 3 3 56 20 20 2 2 20 74

O If*/WN (VMS)b 8 5 15 8.9 8.0 8 5 8.9 · · ·
WNLd,e 23 16 37 23 9.0 10 7 21 38

WNL (Classical)a 9 8 43 38 14 1 1 16 50

WNL (VMS)b 10 7 37 21 12 9 6 37 3.6

WNEd 60 51 28 26 4.4 8 5 16 28

WNE Single 39 33 30 30 5.8 7 4 16 30

WNE Binary 21 18 20 17 6.0 1 1 15 23

WC 23 16 43 42 10 7 3 38 43

WC Single 13 9 38 38 6.3 6 2 21 42

WC Binary 10 7 54 54 22 1 1 54 53

WN3/O3 10 10 38 39 8.3 1 1 17 39

WO 3 1 57 57 0.0 0 0 · · · 57

Table 1 continued

Evolution sequence of massive stars
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GAIA DR3 (Gaia Collaboration et al. 2016, 2023)


• proper motion velocity

• binary ←→ single

• subclass, subtype

• luminosity

• region/position 


For Reference

Conclusion



WN

VMS

Single/Binary

WC

いろいろある

VMSはR136周辺に集中

Walkawy成分がない


速い成分がない←寿命が短い

 （動いてない・加速してない）

LMCはlow metal


Singleはバラけている＆ 
なんとなくベクトルが⼤きい

→単独で⽣まれた

Binaryのほうが明るい

→重い星ができる環境にある

→連星系での質量転移／捕獲

Binaryのほうが速い（？）

Binary WCのほうが明るい

Single WCはfieldに分布？


