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Figure 3 Schematic light curves for SNe of Types Ia, Ib, II-L, II-P, and SN 1987A. The curve
for SNe Ib includes SNe Ic as well, and represents an average. For SNe II-L, SNe 1979C and
1980K are used, but these might be unusually luminous. From Wheeler 1990; reproduced with
permission.



Dominant Case: Type IIP

Most likely the dominant outcome from the 10-25 M_sun stars, a

few pieces of which we can understand analytically.. (Arnett 1980,
Popov 1993, Nadyozhin 2003)

Smartt et al 2003

Detection of a Red Supergiant
Progenitor Star of a Type

lI-Plateau Supernova

Stephen ). Smartt,’* Justyn R. Maund,” Margaret A. Hendry,’
Christopher A. Tout,” Gerard F. Gilmore,” Seppo Mattila,?
Chris R. Benn®

We present the discovery of a red supergiant star that exploded as supernova
2003gd in the nearby spiral galaxy M74. The Hubble Space Telescope (HST) and
the Gemini Telescope imaged this galaxy 6 to 9 months before the supernova
explosion, and subsequent HST images confirm the positional coincidence of the

supernova with a single resolved star that is a red supergiant of 8% solar 35 L - - - - - - - - - - - -
masses. This confirms both stellar evolution models and supernova theories 4.5 4 3.5
predicting that cool red supergiants are the immediate progenitor stars of type

ll-plateau supermnovae. log Te“

Figure 5. SN 2001du: Luminosity limits from pre-explosion images in V
and / are plotted as thick solid lines. The shaded region is where a progenitor
would have been detected in at least one filter. Overlaid are the evolutionary
tracks as described in Section 3 for stars with main-sequence masses 9—
60 Mg, for solar metallicity. The locations of the progenitors of SN 1987A
and SN 1993]J are also shown.



Liet al 2007 , ApJ, 661, 1013

LI ET AL.

TABLE 7

Masses AND Mass LiMiTs FOR THE PROGENITORS OF CoORE-CoLLAPSE SNe

Progenitor mass

SN SN type (M) Progenitor Mass Limit References
1987A. ..o [I-peculiar ~20 1,2
1993] e ITb ~17 3.4
1999ev...ccoiiiiiiiiee [1-P 15-18 5
2003gd. ..o II-P 6-12 6,7
2004A..c [I-P 7-12 8
2004t i [1-P 13-20 9
2005CS ceuveieeieieeieieieine I1-P 7-13 10, 11
2000MY .oovveiiiieiieieeens [1-P 7-15 This paper
20060V.....ceeveerieeieeienne [1-P 12-20 This paper
20058l .oviiiiiee [In? II-L? 40-80 M., LBV? CSC? 12
2004d] oo [1-P ~12-15 M.? >20 M.? (in CSC) 13, 14, 15
1999%em......ccoeevieieine I1-P <15 M 16
19991 .o [1-P <12-20 M; 17
2001du.. ., II-P <9-21 M, 16, 18
1999an........cccovveieiene. [1-P <20 M, 5
1999br ..o I1-P =12 M, 5
2000dS ....coeieiieiiieieene Ib/c <7 M., RSG? WR? 5
20006W ...ccvveeiiiiiriiene Ib/c Low-mass RSG; WR? 5
2001B.cciiiiieeeee Ib/c <25 M., RSG? WR? 5
20048t oo Ib/c ~20-40 M.? WR? 19, 20

RereRENCES.— (1) Gilmozzi et al. 1987; (2) Sonneborn et al. 1987; (3) Aldering et al. 1994; (4) Van Dyk et al. 2002; (5) Maund
& Smartt 2005; (6) Van Dyk et al. 2003¢; (7) Smartt et al. 2004; (8) Hendry et al. 2006; (9) Li et al. 2005b; (10) Li et al. 2006;
(11) Maund et al. 2005a; (12) Gal-Yam et al. 2007; (13) Wang et al. 2005; (14) Maiz-Apellaniz et al. 2004; (15) Vinko et al.
2006; (16) Smartt et al. 2003; (17) Leonard et al. 2002a; (18) Van Dyk et al. 2003b; (19) Gal-Yam etal. 2005; (20) Maund et al.

2005b.
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Why are the peaks at -15 to -17?
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Lightcurve Fitting for S6N1, Etot
and M_ejected

Nadyoshin 2003
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Figure 1. A schematic SNIIP light curve. The open circle marks the middle
of the plateau and the two full circles show the plateau boundaries. The light
curve tail powered by 6o decay 1s also shown (t¢, = 111.3 d).



Break tor Popov Analytics
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Additional Relations for 56 Ni

Masses
Hamuy 2003
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Figure 5. The explosion energy—envelope mass diagram for the case of
EPM distances Dgpym from column 4 of Table 2 (asterisks; SNe 1991al and
1992af are excluded) and for the case of the plateau—tail distances Dp_y
from column 2 of Table 3 (full circles). Some SNe are identified (see text).



