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Very Massive Stars
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® M > 100M, stars are identified in young starburst regions!

= e.g., 165-320M, in R136 cluster
105-170M; in NGC3603

® Fate of very massive stars
=) Supernova?, Blackhole formation?

Takashi Yoshida Lunch Seminar, YITP, July 10, 2013



Super-Luminous Supernovae (SLSN)
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= I (Ic) ... No H lines
II (IIn) ... (Narrow) H lines

R ... Light curve decline fitted by radioactive decays
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Type Ic SL. SN 2007bi
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® Light curve is well fitted by >6Co decay.
= Large amount of 56Ni is ejected.

M(>%Ni) ~3.5 - 7.4 M,

c.f. M(*%Ni) = 0.07 M, @SN 1987A
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Explosion Mechanism of SN 2007bi

® SN models reproducmg llght curve of SN 2007bi
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® Pair-instability SN (PISN) @ Core collapse SN (CCSN)
> Me~95 - 105 M, ) Mi~43 M,
M(*6Ni) =3 - 12 M, M(*¢Ni) = 6.1 M,
@FE = 3.6x10°% erg

Takashi Yoshida Lunch Seminar, YITP, July 10, 2013



PI SNe and PPI SNe

@ Pair-instability (PI) SNe (e.g., Heger & Woosley 2002, Umeda & Nomoto 2002)
= SN explosion induced by e-e* pair-creaction

® Pulsational pair-instability (PPI) SNe
m) “Failed” pair-instability SNe m#» Core-collapse

| @ Mco range
1 Mcoz 60 M, =) PISN

1 Mco~40-60 M,
{ == PPI SN (CCSN)
1 Mco<40 M,
m=) CCSN




Final Fate of Very Massive Stars

© Z=0.004 stars (TY & Umeda 2011, MNRAS 412, L78)
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® 56Ni mass of SN 2007bi = Vi ~ 515-575M, (PISN)
Mini¢ ~ 110-280M, (CCSN)

250 M, and 110 M, models m=» 56Ni mass in CCSNe
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S6Ni Production of Spherical CC SNe

® Explosive nucleosynthesis in SNe = 56Ni mass
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| @ Solid lines: 250 M,

Dashed lines: 110 M,

| ® SN 2007bi

> M(56Ni) ~ 3.5-7.4 M,

® E > 2x1052 erg m=) 56Ni mass of SN 2007bi is reproduced.
O FE < 5%105! erg m» Fall back

(TY, Okita, Umeda 2013, submitted)
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56Ni Production of Aspherical CC SNe

® Dependence on opening angle 0,
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® 56Ni mass of SN 2007bi == 0,, > 40° for 250M, model
Oop > 65° for 110M, model

(TY, Okita, Umeda 2013, submitted)
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Conclusions

@ Super-luminous supernovae
== Some of them are expected to be evolved from very massive stars.

e.g. SN 2007bi: pair-instability (PI) SN or core-collapse (CC) SN?

@ Type Ic SNe with large 36Ni production @ Z=0.004
® CCSN (PPI SN) with M(°Ni) > 3 M,
) 110 < Minic < 280 Mo, E > 2x1052 erg
@ PISN with M(56Ni) > 3 M,
) Miuic > 500 M,
(Minit > 300 Mo with small mass loss rate)

@ Aspherical CC SN models for SN 2007bi
) 250M, model, E=7x1052 erg: 6,p > 40°
110M s model, E=5x10°% erg: 0,p > 65°
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