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Wolf-Rayet
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What are Wolf-Rayet stars?



Binary stripping
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An observational dearth of stripped stars
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Subdwarfs
>5000 known
(Geier+20)

! ≲ 1!
☀

Quasi-WR?
Groh+07

! ≳ ~8!
☀

Dionne+ 07, Goetberg+17, 18, Hamann+06,19, Heber+10, Schootemeijer+ 18, Shenar+16, 19, 20, Wang+20, Klement+21

Wolf-Rayet
~670 known
(Crowther+07)

ObservaOonal desert! 

Sample found in the 
Magellanic Clouds

à Götberg + Ludwig

Massive stripped star

15.11.2022 Tomer Shenar, University of Amsterdam 3/17



Quasi-WR?
Groh+07

Only two objects reported in the Galaxy

àposter by Avishai Gilkis

Ups Sgr
(H-deficient giant, binary)

~5!
☀

bloated stripped star?
(Dudley & Jeffery 1990)

Gilkis & Shenar+22, 
“Ups! I did it again” 
MNRAS, in press

X~1

HD 45166
(“quasi Wolf-Rayet”, qWR, binary)

Today’s talk

An observational dearth of stripped stars

~4!
☀

hot stripped star?
(Steiner & Oliviera 1990)
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Sample found in the 
Magellanic Clouds

à Götberg + Ludwig



Quasi-WR?
Groh+07

A history of classifications…
Jane Anger

Anger 1933; Neubauer & Aller 1948  

From Steiner & Oliviera 2005

Wolf-Rayet
(WN7)

William W. 
Morgan

Be star Morgan, Code & Whiteford 1955

L. Aller S. Heap

”quasi WR”
(qWR) + B7 

binary?
W. Hiltner Van Blerkom+ 78; Hiltner+ 56; Heap & Aller, unpublished
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The elusive orbital period of HD 45166

P =1. 6d, 
Absorp=on, P = 1.6d Emission, P = 5 hr

AAer subtrac=ng the 
5hr and 15hr periods

Emission, P = 1.6 d?

Emission, P = 15 hr

B7 V qWR

! B = 4.8!
☀

)

inclina=on = 0.7deg! 
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2005

! qWR = 4.2!
☀



La#tude-dependent wind?

P =1. 6d, 

Mass-loss rate lies orders 
of magnitude above 
expecta#on (e.g., Vink+ 17; 
Sander & Vink 20)
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If massive stripped 
stars look so 

“obvious”, why haven’t 
we found more?

Why should the “only 
massive stripped star” 

known be seen at 
pole-on inclina?on?

Why is the wind 
la?tude-dependent?

Why is the mass-loss 
rate so high?
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Could the star be magne1c?!

Gregg Wade
Spectropolarimetry with  
ESPaDOnS@CFHT
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An extraordinary magne/c field

Zeeman-split O V lines!

< " > = 43 ± 1.5 kG
Strongest magne/c field in a pre-explosion star

First “magne/c Wolf-Rayet” star…

qWR = magne/c; 

B7 V = not magne/c

Shenar, Wade, Marchant et al. 2022, under review
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Physical parameters of companions
Fully dominates UV ~50% in VIS

Dominates IR
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Physical parameters of companions

Fully dominates UV ~50% in VIS

Dominates IR

!eff (base) ~ 55-60 kK

log , = 3.83 ± 0.05 [,⨀]

6 = 0.9 ± 0.1 6⨀

!eff ~ 12-13 kK

log , = 2.25 ± 0.05 [,⨀]

6 = 2.6 ± 0.4 6⨀
M (evo.) = 3. 4 ± 0.1 <⨀
Age ~ 105 ± 35 Myr
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Short 1.6d period confused with pulsa6ons from B star!

Dominic Bowman Timothy Van Reeth
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Indica'on for a (very) long orbit!

24 yr of data coverage (LNA, FEROS, HERMES,  ESPaDOnS)
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Period = 22.5 yr, 
e = 0.46 ± 0.17

q =()*+/(-
= 0.59 ± 0.12

M (evo.) = 3. 4 ± 0.1 (⨀

M (dyn.) = 4. 5 ± 5. 6 7⨀

Credit: Fabian Bodensteiner
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Orbital inclina1on ~ 50 deg



Evolu&on scenario: we propose a merger in a triple!

1. Stable mass
transfer
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Ferrario+ 2009, Schneider+ 18

~5#
☀

~3#
☀

~3.5#
☀

~0.6#
☀

~7.4#
☀



Evolu&on scenario: we propose a merger in a triple!

Stable mass transfer1. Stable mass
transfer

2. Unstable mass transfer 
and merger
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~5#
☀

~3#
☀

~3.5#
☀

~3.5#
☀

~0.6#
☀

~7.4#
☀

~1.5 − 2.5#
☀

Ferrario+ 2009, Schneider+ 18



Evolu&on scenario: we propose a merger in a triple!

Stable mass transfer1. Stable mass
transfer

2. Unstable mass transfer 
and merger 3. Current day
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7.4$
☀

~0.6$
☀

~5$
☀

~3$
☀

~3.5$
☀

~1.5 − 2.5$
☀

~3.5$
☀

~3.5$
☀

Ferrario+ 2009, Schneider+ 18



Evolu&on scenario: we propose a merger in a triple!

Pablo Marchant
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A promising magnetar progenitor!

< " > = 43 ± 1.5 kG < " > ~10/0G
1 = 0.9 ± 0.1 1⨀ 1 = 12 km
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Period = 22.5 yr, 
e = 0.46 ± 0.17

q =()*+/(-
= 0.59 ± 0.12

M (evo.) = 3. 4 ± 0.1 (⨀

M (dyn.) = 4. 5 ± 5. 6 7⨀

Credit: Fabian Bodensteiner

< 9 > = 43 ± 1.5 kG

Shenar, Wade, Marchant et al. 2022, under review for Science
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Orbital inclina1on ~ 50 deg


