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GRB 030329 / SN 2003dh 

Hjorth et al (2003)



SN2003dh / GRB030329
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56Co-decay



Parameters [Mej, E, M(56Ni)]
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Spectral Fitting: SN1997ef
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(E51=1)

Small Mej
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E51=E/1051 erg



Supernova – GRB Connection

GRB SN MCO/M Mms/M E/1051erg M(56Ni)/M

980425 1998bw 14 40 30 0.4

030329 2003dh 11 35 40 0.35

031203 2003lw 16 45 60 0.55

Three GRB－SNe = all Type Ic Hypernovae

E > 1052 erg (～10×normal SN)
Large Mms→Black Hole Forming SNe

Aspherical



Hypernovae/Faint SNe

EK

Nomoto et al. (2003)

Failed SN?

13M ☉ ~15M☉

GRB-SN



Nomoto et al. (astro-ph/0308136)

GRB-SN

Hypernovae/Faint SNe (56Ni mass)



SN Ib 2005bf: Spectra

Tominaga et al. 2005

He

H feature



SN 2005bf: Observed Light Curves

Tominaga et al. 2005
Folatelli et a. 2006
Modjaz et al. : poster



Comparison with other SN Ib/c
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SN 2005bf: Abundance Distribution
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Type Ib SN 2005bf
• Peculiar Light Curve

– Double peaks
– Slow rise to the 2nd peak (~40 days)

• Double peaked 56Ni distribution        Jets?
• Mej ~ 6 – 7 M (Mms ~ 25 – 30 M )
• E ~ 1.3 x 1051 erg          M(56Ni)~0.3M
• Explosion of a WN star He, H features



SN 2005bf: Model Light Curves
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Maeda et al. (2002, 2005)
Mazzali et al. (Science 2005)

Hypernova:
Bipolar Explosion

56Fe

16O

[OI] 6300A (SUBARU)



Subaru FOCAS Obs. of SN 2005bf

[OＩ]

~10 days after the 2nd peak.

He indicated by 

[CaＩＩ][FeＩＩ]??

Hα



Peculiar Line Profiles: Blueshift and …

Blueshift

Double peak in O, 
Single peak in Fe, Ca

Ｖ = 0

Dist. Along the Line-Of-Sight

?



One-Sided Ejection of 56Ni(Fe)?
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Type Ib SN 2005bf
• Nebula Spectrum

– [FeII], [CaII],[OI] : Blue shifted by ~1500 km/s
– [OI] : Double peaks

– Unipolar Jet ?
– Kick ? (v ~ 200 – 600 km/s ?)

• Neutron Star Forming SN ??
- normal E,    small M(compact star)

large 56Ni mass
- Magnetar?



EK

Failed SN?

13M ☉ ~15M☉

SN 2005bf in Mms－Ek



SN 2005bf in Mms－Ｍ（
56Ni）
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