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Stripped-envelope supernovae
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General picture: supernova properties
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GRBs, Hypernovae, ... and Black holes?
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« Black Hole + Accretion Disk?
— E ~eM c2~ 1052 erg (¢/0.01)(M/M..) )

— Jet-like Explosion? POBRAM M oS s

e.g., “Collapser model”, Woosley 1993 & Fryer 1§9“%’,/"

v+v as the energy source. < not that efficient? g e
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Nucleosynthesis in aspherical explosions
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Observer frame SN rest frame
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* E.,=E/10°'ergs (~1 for a normal SN)
Asp. (E54~20), Z

B e — Consistent with obs.
.l N\ Sph. (Es;~50) = -
c.f., P. Hoeflich’'s work
5 I ﬂz < 300
Sph. ( E5~10) -
4 LLL AsP. (E54~20), R ®Ni 4 =
0 10 20 30 40 50 )

Days
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- o ) anyway within the factor of a few.
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Maeda et al. 2006b
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Both consistent with early-LC.

Aspherical model (E;, ~ 20) is consistent
with late-LC, while spherical model does v
not. ] I <300

Aspherical (E;,~20), Z
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c.f., Masaomi’s work for more details.
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Phot. V [cm/s] Maeda et al. 2006b
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Late-Time Spectra

lonization

Y NI =NN"Y a,

\ Non-thermal e impact ionization rate.
Excitation

~ \ N
Ei(NeCji-l- Aji"'in)Nj +FJ-NJ- = El—Ni(NeCij +Al.j +Xy.)+NeN+aj

Non-thermal e impact excitation rate
Energy balance

L .= A NV . .1V .
Ji th JTN J Non-thermal electrons

__Tthermal —jonization .
; iLJ'i = { =Enters into

, —eXcitation _
Non-thermal e heating rate _heating rate equations.

* In some situations, UV photons are also important for ionization/excitation
(i.e., photoionization and stimulated emission omitted above).




L 1 >~ 20 mag
. ~200days: optically thin (poc t3), *
— Looking into the center! :
 Line profiles—distribution. day
— [Ol]= distribution of neutral O. faint—need 8m telescope

— Emission from Near/Far side = Blue/Red-shifted.

V<0 «——V;>0 A= Ao x (1= V,/c)

V|| = const
I

blueshift

redshift

IPMU Focus Week, 2008.11.17-21 Wavelength
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Maeda+, 06, ApJ, 645, 1331; Maeda+, 06, ApJ, 640, 854

“Single-peak” *

SN = Point source

Geometry @ ~ 1 year

T [O1] 6300 v “Single-peak” .

X - Double-peak”

-0.02 0 0.02

S “Single-peak”

Doppler shift 1Pmu Focus Week, 2008.11.17-21 17/33
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[O1] 6300, 6363
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» Aspherical (E5,=20) viewed at Z, not by spherical models.
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General picture: supernova properties
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Pian+, 06, Nature

The first discovery of an SN

associated with an X-Ray Flash! _
Mazzali+, 06, Nature
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Spectra @ ~ 2 weeks Light Curve @ 1st month
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Flux (10" ergcm?s™ A™)

[OI] | SN 1998bw, 215d] * o+ 2007, ApJ, 658, L5

SN 2006aj, 204 d |

M(*Ni)~0.05M4
Neutron-rich
=NS formation(?)
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11.17- 22/33



[Call]/[Ol] as a possible diagonostics

osamy T _ 02ap Hypernova t
.

! STAS oS § "
. 06' 27D Fain suamne

a A

Main Sequence Mass (M)




[O]] Ime proflle (Late Phase) Spherical models (Early)

A i s - Line width
< :1 998bw j ~ (E/M)'2
lg 2 [ ] 1998bw E/M~5
2 “"- /
2 — ]
72 | ] -
]
LL
| A E/M ~ 1
gooo 6100° 6200 6300 6400 6500 6600 E in 10%%erg,
Rest Wavelength(A) Min Mg

« 98bw: [Ol] profile inconsistent with the spherical model.

 06a) : overall, consistent.
— Excessive emission @ the innermost part

— possibly, just mildly asymmetric.
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Collaborators; Kawabata (Hiroshima), Tanaka, Nomoto (U. Tokyo), Hattori

(NAOJ/Subaru)et al.

* 15 SNe @>200days (~ 20 — 23mag).

SN 2003jd (323 d) SN 2004dk (341 d)

Hawaii, Mauna g & .
Kea @ 4,200m
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Subaru Telescope + FOCAS

RGB composite images

Field of View: 1.7 x 1.7 arcmin
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Normalized Flux (F ) + Constant
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Maeda, Kawabata+, 08, Science, 319, 1220
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How much “asphericity”?




§7e
Oo2ap /}—f—9‘7ef ernova Bran he
06a)

Hypernova |

05b02ap

. 87




Progenitor mass vs. asphericity
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It is probably not the end of story...
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— ~40M,, : GRB-SNe.

* Black hole?
— 20 — 40M,,: Variety. XRF-SNe.

« Neutron star? ...Detection of °6Ni at late phases.

— SNe are not spherical in general.

— GRB-SN 1998bw explained well by the highly jet
explosion, viewed on axis.

— Different for >40M., and below?

 Difference in the explosion mechanism(s)? Does SASI fit into
this context?
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