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The progenitor of a Type Ia supernovaThe progenitor of a Type Ia supernova

Two normal stars
are in a binary pair.

The more massive
star becomes a giant...

...which spills gas onto the
secondary star, causing it to

expand and become engulfed.

The remaining core of
the giant collapses and
becomes a white dwarf.

The common envelope is
ejected, while the separation

between the core and the
secondary star decreases.

The secondary, lighter star
and the core of the giant
star spiral toward within

a common envelope.

...causing the companion
star to be ejected away.

The white dwarf's massThe white dwarf's mass
increases until it reaches aincreases until it reaches a

critical mass and explodes...critical mass and explodes...

The aging companion
star starts swelling, spilling
gas onto the white dwarf.





Explosion: 

rise time ~ 18 days

Typical lightcurve for Type Ia SNe

Peak magnitude

Tail phase

56Co → 56Fe 

56Ni → 56Co
Composite lightcurve 
from three typical 

SNe Ia.

SN2002er, SN1990N, 
SN1996X. 

All shifted to peak 
mag of SN2002er





Figure 1 | The site of SN 2011fe in Messier 101 as imaged by HST/ACS. The left panel is a full-view colour picture of the face-on
spiral galaxy M101 (18⇤ � 18⇤ field of view) constructed from the three-colour HST/ACS images taken at multiple mosaic pointings (from
http://hubblesite.org). North is up and east to the left. M101 displays several well-defined spiral arms. With a diameter of 170
thousand light years across, M101 is nearly twice the size of our Milky Way Galaxy, and is estimated to contain at least one trillion stars.
The middle panel is a cutout section (3⇤ �3⇤) of the left panel, centred on the SN location. SN 2011fe is spatially projected on a prominent
spiral arm. The right panel is a section of 2⇤⇤ � 2⇤⇤ centred on the SN location, which is marked by two circles. The smaller circle has a
radius of our 1� astrometric uncertainty (21 mas), while the bigger circle has a radius of 9 times that. No object is detected at the nominal
SN location, or within the 8� error radius. Two nearby, but unrelated, red sources are labeled as “Star 1” and “Star 2,” and are displaced
from our nominal SN location by ⇥ 9� , formally excluded as viable candidate objects involved in the progenitor system of SN 2011fe.
Credit for the left panel colour picture: NASA, ESA, K. Kuntz (JHU), F. Bresolin (University of Hawaii), J. Trauger (Jet Propulsion Lab), J.
Mould (NOAO), Y.-H. Chu (University of Illinois, Urbana), and STScI. Note: This is a reduced-size figure for arxiv posting.

5



Figure 2 | Progenitor system constraints in a Hertzsprung-Russell (H-
R) diagram compared to some proposed single-degenerate progeni-
tors. The thick yellow line is the 2� limit in V -band absolute magnitude (MV )
against effective temperature at the SN location (see text) from a combina-
tion of the four HST filters, weighted using synthetic colours of redshifted
stellar spectra at solar metallicity for that temperature and luminosity class.
A more conservative limit comes from taking the single filter that most con-
strains the stellar type and luminosity class; shown is the 2� limit assuming
the adopted distance modulus 7,8 of 29.04 mag (middle light yellow curve)
with a total uncertainty of 0.23 mag (top/bottom light yellow curve). Depicted
are the theoretical estimates (He-star channel 18) and observed candidate
systems (V445 Pup 21, RS Oph 20, U Sco 22,29, and T CrB 20). Also plotted
are theoretical evolutionary tracks (from 1 Myr to 13 Gyr) of isolated stars for
a range of masses for solar metallicity; note that the limits on the progenitor
mass of SN 2011fe under the supersolar metallicity assumption are similar to
those represented here. The grey curve at top is the limit inferred from HST
analysis of SN 2006dd, representative of the other nearby SN Ia progenitor
limits (see Supplementary Information). For the helium-star channel, bolo-
metric luminosity corrections to the V band are adopted based on effective
temperature 30. The foreground Galactic and M101 extinction due to dust
is negligible 9 and taken to be AV = 0 mag here. Had a source at the 2.0�
photometric level been detected in the HST images at the precise location of
the SN, we would have been able to rule out the null hypothesis of no signif-
icant progenitor with 95% confidence. As such, we use the 2� photometric
uncertainties in quoting the brightness limits on the progenitor system.
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