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= 95% of field OB stars are ejected from clusters!

Vargas-Salazar, Oey+ 2020  cf e.g., de Wit+ 2004; Gvaramadze+ 2012; Oey+ 2013
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Median overdensities for j=8-10 nearest neighbors

* Nearest Neighbors

* Friends-of-Friends

e Stacked fields
Examples of non-ejected candidates



Ejection Mechanisms

Originate from binaries or multiples

Supernova ejection (BSS) Dynamical ejection (DES)

A. Irrgang

éo@%

2-step ejection

Pflamm-Altenburg & Kroupa 2010



Dynamical (DES) vs SN (BSS) Ejections emes s

Faster, more massive stars Slower, lower mass stars are faster

[M2002] SMC-1037

14 16 Gaia Proper Motions
Phillips+ 2024; Dorigo Jones+ 2020; Oey+ 2018
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g0 . DR3: 336 RIOTS4 field OB / OBe stars
. ; PMs relative to local velocity field
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Phillips, Oey+ 2024

Runaway: v, 224 km/s (i.e., 30 km/s space velocity)
Walkaway: v, <24 km/s unbound
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Classical OBe stars

All

OB
OBe
EB
SB2
HMXB

OBe = BSS
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Classical OB and OBe stars

OB stars dominated by DES
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OB stars dominated by DES

< 10 day AV (km/s)
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OBe stars dominated by BSS
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OB stars dominated by DES

< 10 day AV (km/s)

Primordial binaries = twins in circular orbits
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DES vs BSS

Table 3
Numbers and Ratios of Walkaway and Runaway Field OB Stars
Numerator®  Denominator Ratio Model”
Runaway DES/BSS 119 82 1.5+ 0.2 1.7
Total W/R 324 201 1.6 £0.1 1.8
BSS W/R 185 82 23+0.3 2.3
DES W/R 139 119 12101 1.5

Notes.
4 Numbers of walkaways are corrected by a factor of 2.4 for incompleteness

(see Paper II).
b See the text and Table 4 for details about the model predictions.

Phillips, Oey+ 2024; Dorigo Jones+ 2020

Contrib to SMC OB pop

DES model - Oh & Kroupa 2016:
ejection fraction 0.2
walkaway:runaway 60:40
binary fraction 0.8

BSS model - Renzo+ 2019:

assume 50% ejected

assume 2-step runaways = 0.2 post-SN
walkaways



BPASS binary population synthesis model: BSS  vargas saiazar, oey+ 2024, in prep
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AzV 493: Hi-ecc, hot, massive Oe star w/BH candidate

; ! HE T Chahdra Oey, Castro, Renzo+ 2023
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AzV 493: Hi-ecc, hot, massive Oe star w/BH candidate
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i 5 Burkhardt, Han, Oey+ in prep
prz\‘m\“ary WO | f R ayet Sta rS Han, Burkhardt’ Oey+ in prep
LMC WR stars with usable Gaia DR3 data
Excludes 12 stars in core of R136 due to crowding
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Both DES and BSS ejections among single stars?



Burkhardt, Han, O ]
Wolf-Rayet stars g von o norer

WNh, O If*/WN, WNL

~All classes dominated by runaways!
y y moderately fast
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1.0 - | | hi-M, H-burning
DES? cf Maiz-Apellaniz+ 2018
, WN3/03
very fast, esp binaries
WNh Stars lower-M
0.4 -
OIf¥/WN Stars post-MS BSS mass donors?
WNL Stars ¢f Renzo+ 2019, Pols 1994
WNE Stars
WN3/03 Stars
WC & WO Stars WNE
- " - p o 1o Do 1o slowest, but still ejected
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Luminous Blue Variables s oe
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I OBe (SMCQC)
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Hot stars with eruptions, circumstellar material
LMC, SMC LBV stars with usable Gaia DR3 data
Catalog and Classes from Agliozzo+ 2021

Class 1: Dusty nebula ~ ejecta
Class 2: No dusty nebula. “Stellar” free-free emission

Class 2 (no ejecta) are unaccelerated

Class 1 (with ejecta) are accelerated
- BSS products

cf. Smith & Tombleson 2015; Aghakanloo+ 2017



Number of Stars

Classical supergiant Ble] stars  oemmsowz

N=12 IZZ4 Class 1 (LMC)
15 BN sgB[e] (LMC)

Dense, circumstellar disks with hot dust
lower L than LBV

LMC, SMC sgB[e] stars with usable Gaia DR3 data
Catalog from Kraus 2019

sgB[e] are faster than LBV
Dominated by BSS?

L-v,: sgBle]stars #LBVs

0 10 20 30 40 50 60 70 80 90
Total Velocity (km/s)



Clusters vs OB associations? 4 30 Dor e, Stoops 2024

NGC 2366 / Mrk 71

Knot B

4 Myr?

~7 Myr?
NGC 2366-I WN, WF, LBV
8- 10 Myr? adiabatic fdbk

?7?

\ Knot A
1 Myr?
VMS
radiation fdbk

Where’s the feedback?
Jecman & Oey 2023




Summary

= 95% of Field massive stars are ejected

* DES dominate runaways; DES & BSS ~ similar for walkaways?

Classical OBe stars : BSS binary mass gainers
* Kinematics, binary eccentricities

* 3 BH candidates, incl AzV 493 = extreme ecc, hot, hi-L, variable Oe

Most WR are ejected

* WC, WN3/03 : post-MS mass donor BSS?
LBVs with dusty nebulae = ejected; without = not ejected

Classical sgB[e] : faster than LBVs - BSS?



