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Type II-P SN 2008bk in NGC 7793

(Mattila et al 2008)
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Predicted Evolutionary Paths

Mint ~25-40Msun

Mint ~40-75Msun

Mint >75Msun

O BSG RSG/LBV WN(H-poor) SNIb

O BSG LBV WN(H-poor) WC SNIc

O WN(H-rich) LBV WN(H-poor) WC SNIc

(Crowther et al 2007)
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Wolf-Rayet Stars
(Evolved massive O-type stars)

WR stars have strong stellar winds which produce a unique 
emission line spectrum with broad lines of 30-300Ang. 

WC

WN
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Type II-P SN 2008bk in NGC 7793

(Mattila et al 2008)
Type Ic SN 2002ap in M74

(Crockett et al 2008)

SN 2002ap was likely 
a low mass binary
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Observations appear to 
predict otherwise....
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WR Stars in the LMC

(Crockett et al 2008)

SN2002ap
limits
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(Crockett et al 2008)

~90% of the 
LMC WR 
population 
detected

WR Stars in the LMC
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(Crockett et al 2008)

WNE stars 
dominate LMC 
WR population

WR Stars in the LMC

~90% of the 
LMC WR 
population 
detected
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So how do we confirm 
a WR-SN connection? 

Continuum He II  Net Narrow-band imaging techniques have been successful in 
detecting WR stars in nearby galaxies.

Continuum He II narrow-band filter Continuum Subtracted He II Image
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But Line Dilution is a problem...
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But Line Dilution is a problem...
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ACS imaging of M101

F435+F555Credit: T. Mizusawa
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WFC3/F469N Imaging

PI: Shara
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WFC3/F469N Imaging

PI: Shara
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Figure 3: Region (∼20′′×8′′) of M101 taken with WFC3/F469N (upper), WCS/F435W (middle)
and the continuum subtracted image (lower). Only 1 of the 3 WR candidates is detected in the
broad-band image. The WR stars have m(F469N)∼24–25 mag, hence deep observations are
required. The residual image shows that some extended sources are not cleanly subtracted due to
a slight difference in PSF while some sources that appear to exhibit He ii excess are below our
5–sigma detection limit and hence are not included in our candidate list at this stage. The
continuum subtracted image also reveals an additional source (to the right of the second brightest
source) which was not picked up by photometry due to blending with the nearby source.

9

641 WR
 candidates
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Note: Cut-off imposed at m(F469)>25mag

372 candidates with 
HeII excess >3sigma
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Photometry of candidates in M33, NGC 7993 & NGC 5068 
for m(F435W)-m(cont) relation

m(4750) = 1.07m(v) - 1.50

(M33 data from Neugent & Massey 2011)

(NGC 7793 and NGC 5068 data 
from Bibby & Crowther 2010, 2012)
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372 candidates with 
HeII excess >3sigma
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269 WR candidates only detected in F469N 
42% of WR candidates are not found in broad-band images
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Number of WR in each region

Sigma = 214
HeII =112

Sigma = 67
HeII =57

Sigma = 36
HeII = 9

Sigma = 55
HeII = 91

52%

25%
165%

85%

Friday, March 16, 2012



How does resolution 
affect our detections?

Figure 3: Region (∼20′′×8′′) of M101 taken with WFC3/F469N (upper), WCS/F435W (middle)
and the continuum subtracted image (lower). Only 1 of the 3 WR candidates is detected in the
broad-band image. The WR stars have m(F469N)∼24–25 mag, hence deep observations are
required. The residual image shows that some extended sources are not cleanly subtracted due to
a slight difference in PSF while some sources that appear to exhibit He ii excess are below our
5–sigma detection limit and hence are not included in our candidate list at this stage. The
continuum subtracted image also reveals an additional source (to the right of the second brightest
source) which was not picked up by photometry due to blending with the nearby source.
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FWHM~0.8’’
Much harder to detect 

the WR stars...
Only one is detected in the 
continuum subtracted image 
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WFC3/F469N Imaging

PI: Shara

log(O/H)+12 = 9.2 - 0.91 (R/r25) dex
(Bresolin 2007)
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WFC3/F469N Imaging

PI: Shara

log(O/H)+12 = 9.2 - 0.91 (R/r25) dex

(Bibby & Crowther 2012)

Models Eldridge et al (2008) and Meynet & Maeder (2005)
(Bresolin 2007)
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WFC3/F469N Imaging

PI: Shara

log(O/H)+12 = 9.2 - 0.91 (R/r25) dex
(Bresolin 2007)

(Bibby & Crowther 2012)

(Eldridge, Izzard & Tout 2008)

Courtesy of Ben Davies 
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Future Work:

How many WR stars would be detected in ground-based 
imaging... by degrading HST data?

How WR/O star ratio changes over radius, hence 
metallicity, of the galaxy?

How the WR/RSG ratio changes over the galaxy?

Association of WR stars with HII regions?
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Future Work:

How many WR stars would be detected in ground-based 
imaging... by degrading HST data?

How WR/O star ratio changes over radius, hence 
metallicity, of the galaxy?

How the WR/RSG ratio changes over the galaxy?

Association of WR stars with HII regions?

By completing our WR survey of M101 and 
other galaxies we can further assess the validity 

of WR stars as supernova progenitors.
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