Bce nnun He Bce
raMMa-BCNJ1IECKU CBA3aHbI C
MaCCUBHbIMU CBEPXHOBbLIMU?

(oTOXXAECTBNEeHWe raMMa-BCrn1eCKOoB
NpoAo/MKaeTcs)

B.B.Cokonos



Finally, GRBs were identified with quite
a definite class of supernovae — the
core-collapse supernovae or massive
supernovae.

A new era in the study or
core-collapse su I),r novae,

Thanks to gamma-ray bursts, these
supernovae can be observed from the

very beginning.
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FIG. 2 The calculated bolometric light curves fo* two models, with
envelopes of different masses M., on top of the same 4 M., helium
core. The solid and the dotted lines show the cases with M,,,=0.89
and 10.6 M, respectively. The bolometric light curve of SN1993J is
shown by the filled circles®.



Classification of Supernovae

Typel Type I1

Hydrogen lines absent Hydrogen lines present

Type IIL

Type Ia

Sill line at 6150 ., He absent

Linear decline of the lightcurve

Type Ib ——| Type IIP

Si absent, Hel line at 5876 "Plateau” of the lightcurve

—| Typele — | Type IIn

Si absent, He absent Narrow lines in the spectrum

The core-collapse or massive supernovae



The Core-collapse SNe:

SNe that have undetached hydrogen lines have obvious hydrogen lines
and are classified as Type II.

SNe that have detached hydrogen lines are classified as Type Ib
because the presence of hydrogen is not immediately obvious.

SNe Type IIb are those that have undetached hydrogen lines when
they are first observed.

In some cases, whether an event is classified as Ib or IIb may
depend on how early the first spectrum is obtained!

Type Ic supernovae (SNe Ic) are very similar to SNe Ib, but they lack
conspicuous He I lines.
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Figure 13. Quasi-bolometric (BVRI) light curves of SN 2003jd and other SNe Ic. We
assume H, =72 kms™ Mpc™'. Extinctions and distance moduli are given in Tab. 6.
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BeppoSAX OBSERVATIONS OF GRB 980425: DETECTION OF THE
PROMPT EVENT AND MONITORING OF THE ERROR BOX

E. PIAN, L. AMATI, L. A. ANTONELLI, R. C. BUTLER, E. COSTA, G. CUSUMANO, J. DANZIGER, M.
FEROCI, F. FIORE, F. FRONTERA, P. GIOMMI, N. MASETTI, J. M. MULLER, L. NICASTRO, T.
OOSTERBROEK, M. ORLANDINI, A. OWENS, E. PALAZZI, A. PARMAR, L. PIRO, J. J. M. IN 'T ZAND,
A. CASTRO-TIRADO, A. COLETTA, D. DAL FIUME, S. DEL SORDO, J. HEISE, P. SOFFITTA, AND V.
TORRONI

Received 1999 October 12; accepted 2000 January 31

ABSTRACT

We present BeppoSAX follow-up observations of GRB 980425 obtained with the
Narrow Field Instruments (NFI) in 1998 April, May, and November. The first NFI
observation has detected within the 8" radius error box of the gamma-ray burst (GRB) an
X-ray source positionally consistent with the supernova 1998bw, which exploded within
a day of GRB 980425, and a fainter X-ray source, not consistent with the position of the
supernova. The former source is detected in the following NFI pointings and exhibits a
decline of a factor of 2 in six months. If it is associated with SN 1998bw, this is the first
detection of X-ray emission from a Type I supernova above 2 keV. The latter source
exhibits only marginally significant variability. The X-ray spectra and variability of the
supernova are compared with thermal and nonthermal models of supernova high-energy
emission. Based on the BeppoSAX data, it is not possible to establish firmly which of the
two detected sources is the GRB X-ray counterpart, although probability considerations
favor the supernova.



S.Valenti et al., “The Broad-lined Type I¢ SN 2003jd”
arXiv:0710.5173v1 [astro-ph] 26 Oct 2007.

'0-5 1 1 1 I 1 1 1 1
SN S
T 2003jd 091 X ]
2002ap 078 &
05 | 1998bw 1 © A
: 2006aj 0.73 o
1l Q 2004aw 1.32 v
A 19941 050 o
> s 1997ef 168 @
8 st 1992A  0.93 -
£ o
2k 4
S 8
25 F -
(0]
3 B % n
35F . 5 @ _
o o” %o
4 1 1 1 1
=20 0 20 40 60 80 100 120 140

Date after V maximum (days)

Figure 12. Comparison of V-band light curves of different SNe Ic corrected for
stretch factor. SN 1998bw is the reference object with stretch factor defined to
equal 1. The light curves are scaled in magnitude and phase to the V maximum
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Figure 6. Comparison spectra of SNe Ic at 2 weeks past B maximum.



Shematic model of asyrnretric explosion of a GRB/SN progenitor

...a strongly non-
spherical explosion may
be a generic feature of
core-collapse
supernovae of all types.

...Though while it is not
clear that the same
mechanism that
generates the GRB is
also responsible for
exploding the star.

astro-ph/0603297
Leonard, Filippenko et al.

The shock
breaks out
through the wind

N1 synthesized
behind the
shock wave

The wind
envelope
of size ~10" cm

Though the phenomenon (GRB) is unusual, but the object-source (SN) is

not too unique.

The closer a GRB is, the more features of a SN



On asymmetry
of explosions
of core-collapse SNe
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Asphericity in Supernova Explosions
from Late-Time Spectroscopy

Keiichi Maeda, Koji Kawabata, Paolo A. Mazzali, Masaomi Tanaka, Stefano Valenti, Ken'ichi Nomoto,
Takashi Hattori , Jinsong Deng, Elena Pian, Stefan Taubenberger, Masanori Iye, Thomas Matheson,
Alexei V. Filippenko, Kentaro Aoki, George Kosugi, Youichi Ohyama, Toshiyuki Sasaki,

and Tadafumi Takata

Abstract. Core-collapse supernovae (CC-SNe) are the explosions that
announce the death of massive stars. Some CC-SNe are linked to long-
duration gamma-ray bursts (GRBs) and are highly aspherical. One important
question 1s to what extent asphericity i1s common to all CC-SNe. Here we
present late-time spectra for a number of CC-SNe from stripped-envelope
stars, and use them to explore any asphericity generated in the inner part of the
exploding star, near the site of collapse. A range of oxygen emission-line
profiles is observed, including a high incidence of double-peaked profiles, a
distinct signature of an aspherical explosion. Our results suggest that all CC-
SNe from stripped-envelope stars are aspherical explosions and that SNe
accompanied by GRBs exhibit the highest degree of asphericity



P.Mazzali et al., arXiv:astro-ph/0505199v1 10 May 2005
“An Asymmetric, Energetic Type I¢ Supernova
Viewed Off-Axis, and a Link to Gamma-Ray Bursts”
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Figure 3: Nebular line profiles observed from an aspherical explosion model depend onthe orientation. The figure shows
the properties of the explosion model computed in 2D (11): Fe (colored in blue) is ejected near the jet direction and
oxygen (brown) in a disc-like structure on and near the equatorial plane. Density contours (covering 2 orders of
magnitude and divided into 10 equal intervals in log scale) reflect the dense disc-like structure. Synthetic [O i] 6300, 6363
A lines (red lines) computed in 2D are compared with the spectra of SN 1998bw and SN 2003jd (black lines).
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Figure 9. Nebular spectra of SN 2003jd (317 d, 354 d) and SN 1996aq (228 d).
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Figure 2: Nebular spectra of the
supernovae in the sample used in this
study. Narrow lines (e.g., Ha at 6563A)
originate from a diffuse superposed H
I region, not from a

SN. The spectra of SNe 1991N,
1997dq, 1997ef are from (21). The
other spectra were obtained with the
Subaru telescope, except for SN 2006F
which was taken by the VLT (22).
Spectra were deredshifted using the
redshift obtained from the observed
wavelength of the narrow Ho emission
if possible; otherwise, the redshift of
the nucleus of the host galaxy was
adopted. For presentation, the 1is
arbitrarily scaled and shifted vertically.
The strongest emission line (dashed
line) is [O I] AA6300, 6363. The feature
at ~7,300 A is [Ca II] AA7291, 7324
contaminated by several emission lines:
[O II], [Fe I1], and [Ni II].
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Fig.1. — Selection of nebular spectra of
SN IIb, SN Ib and SN Ic in their
respective rest frames. SN name, type
and phase of spectrum (with respect to
maximum light, except for GRB
060218/SN 2006aj which 1s referenced to
time of GRB burst) are marked. Also, the
main nebular emission lines of [Mg I]
M571, [0 1] A6300,6363, [Ca IT]
M7291,7324 and O I L7774 are marked
at the very top.
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Fig. 2. — Montage of SN with double-
peaked oxygen profile in velocity space. SN
name, type and phase of spectrum (with
respect to maximum light). SN 1984L, SN
Ib is from Schlegel & Kirshner (1989). SN
19941 (Filippenko et al. 1995) that exhibits
a simple parabolic oxygen line profile is
plotted for comparison at the bottom. The
dashed line marks zero velocity with respect
to 6300 A while the dotted line corresponds
to [O I] A6363. Clearly the two horns cannot
be due to the doublet nature of [O I]
AA6300, 6363. Note the blueshift in SN
2005bf compared to the other SN.
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DOUBLE-PEAKED OXYGEN LINES ARE NOT RARE IN
NEBULAR SPECTRA OF CORE-COLLAPSE
SUPERNOVAE

M. Modjaz, R. P. Kirshner, P. Challis

ABSTRACT

Double-peaked oxygen lines in the nebular spectra of two peculiar Type Ib/c
Supernovae (SN Ib/c) have been interpreted as off-axis GRB-jet or unipolar

blob ejections. Here we present late-time spectra of 10 SN Ilb, Ib and Ic that
show that this phenomenon is common and probably should not be linked to

extraordinary events in the explosion physics. We show that this type of line
profile 1s probably not caused by optical depth effects, but might well be due
to ejecta expanding with a torus- or disk-like geometry. Double-peaked

oxygen profiles are not necessarily the indicator of a mis-directed GRB jet.

Appears that asphericities are prevalent in normal core-collapse
SNe.



Monitoring of the optical transient of the closest GRB
The program “physics of GRBs in the SWIFT eray.
A. Castro-Tirado (IAA-CSIC, Spain), V.Sokolov, T.Fatkhullin (SAO)

The spectral monitoring of the optical afterglow of the closest GRB060218 with the
red shift z = 0.033 was carried out with the BTA (and with the swears).

Broad spectral details typical for massive supernovae of type Ib-c were detected in
early (February, 20, 21 ) spectra of the optical transient. Absorption at ~4600A
(February, 21) can be a result of the blend of iron lines (Fe II), as, for example, in
the case of Ic type supernovae SN 1997ef and SN 2002ap.

The main result of the joint monitoring (the BT A + other telescopes): ”’long” GRBs
are the beginning of explosion of massive supernovae, and, the most probably, the
burst that we observe is the relativistic collapse of the star nucleus and the burst of a
very dense object — the compact remnant of supernova explosion.

The last spectrum obtained on August, 27, clearly shows a wide blend [OI] 6300,
6364 A typical for the nebular stage of supernovae. This is already the spectrum of
the host galaxy almost without contribution of the supernova SN 2006aj related to
the GRB 060218 (SN 2006aj/GRB 060218).
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BTropon pe3ynbTtat
oToXxxaecrteneHnsa GRB:

Tenepb AnnHHble GRB oTOXXAeCTBNAKTCA C
06bI4HbIMU(?) MaccuBHbIMUK (core-collapse)
CBEPXHOBbLIMU



Mepebi pesynbTaT OrTUYECKOro OTOXAECTBEHWS
y-Bcrineckos (2001-2002): AnvHHbIE BCNNECKU
OTOXAECTBNAKOTCA C 0ObIYHBIMU, HACTO
BCTpe4YaeMbIMU NpU Takux Z (HenekynsapHbIMn)
ranakTukamm oo = 26 3B. Ben. 10 AaeT
BO3MOXXHOCTb, MCNONb3YS NOACHETLI ranakTuK
(Apye 26 3B.Be/1.) C YY4ETOM pe3ynbTaToB NPSAMbIX
OMTUYECKUX OTOXKAECTBNEHUN Y-BCNIECKOB
(perncTtpupyembiX A0 YPOBHSA ~/> 107 3pr cm2),
OL€HUTb CpeaHIo roA0BYIO HaCToTy Y-BCMN/IECKOB,
NpUXoaaLWmMXca Ha ranaktuky. OHa OKa3biBaeTcs
paBHOU Nz ~ 108 B roa B cpegHeM Ha Kaxxayto

ranakTuKy Co BCMbILLKOW 3B€30000pa30oBaHUsI.



arXiv:astro-ph/0609489v1

GRBs as cosmological probes—cosmic chemical evolution

S. Savaglio
Max-Planck-Institut fiir Extraterrestrische Physik,
New Journal of Physics 8 (2006)

Abstract. Long-duration gamma-ray bursts (GRBs) are associated with the death of metal-poor
massive stars. Even though they are highly transient events very hard to localize, they are so bright
that they can be detected in the most difficult environments. GRB observations are unveiling a
surprising view of the chemical state of the distant universe (redshifts z > 2). Contrary to what is
expected for a high-z metal-poor star, the neutral interstellar medium (ISM) around GRBs 1s not
metal poor (metallicities vary from ~1/10 solar at z = 6.3 to about solar at z = 2) and is enriched with
dust (90-99% of iron is in solid form). If these metallicities are combined with those measured in the
warm ISM of GRB host galaxies at z < 1, a redshift evolution is observed. Such an evolution
predicts that the stellar masses of the hosts are in the range M. = 10%¢°#M,,. This prediction makes

use of the mass-metallicity relation (and its redshift evolution) observed in normal star-forming
galaxies. Independent measurements coming from the optical-NIR (near-infrared) photometry of
GRBhosts indicate the same range of stellar masses, with a typical value similar to that of the Large
Magellanic Cloud (LMC). This newly detected population of intermediate-mass galaxies is very
hard to find at high redshift using conventional astronomy. However, it offers a compelling and
relatively inexpensive opportunity to explore galaxy formation and cosmic chemical evolution
beyond known borders, from the primordial universe to the present.
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Astro-ph/0609489. S.Savglio. GRBs as cosmological probes—cosmic
chemical evolution

The low stellar masses are not surprising because
low-mass galaxies are the most nhumerous in the
universe at any redshift. GRB hosts are not special,
but just normal, faint, generally starforming
galaxies, detected at any redshift just because a
GRB event has occurred. Such a statement does
not support the conclusion accordingto which GRB
hosts tend to be more metal-poor than normal
galaxies with similar masses




Bropon 3Tan
OTOXXAECTBNEHUA /TMHHbIX
raMMa-BCNJ/1€CKOB:

NoMCK HabnoaaTenbHbIX NPU3HAKOB MAccMBHBLIX SN
y Bcex GRB, Tenepb

C Y4eTOM 3(heKToB aCMMETPUU
B3pbiBOB Takux SN
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Evidence for Supernova light in|all|Gamma-Ray Burst afterglows

A. Zeh, S. Klose

Thiringer Landessternwarte Tautenburg, 07778 Tautenburg, Germany

D. H. Hartmann

Department of Physics and Astronomy, Clemson University, Clemson, SC 29634-0978

o =

We present an update of our systematic analysis of all Gamma-Ray Burst (GRB) afterglow data, now published
through the end of 2004, in an attempt to detect the predicted supernova light component. We fit the observed
photometric light curves as the sum of an afterglow, an underlying host galaxy, and a supernova component.
The latter is modeled using published UBVRT light curves of SN 1998bw as a template. The total sample
of afterglows with established redshifts contains now 2% bursts (GRB 970228 - GRB 041006). For 13 of them
a weak supernova excess (scaled to SN 1998bw) was found. In agreement with our earlier result [47 we find
that also in the updated sample all bursts with redshift [£ 0.7 show a supernova excess in their afterglow light
curves. The general lack of a detection of a supernova component at larger redshiflts can be explained with
selection effvels. These resulls strongly support our previous conclusion based on all afterglow data of the years
1997 to 2002 47 thal in ['a.ct.aftcrgluws of long-duration GREBs contain light (rom an associaled supernova,
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Gamma-Ray Burst associated Supernovae: Outliers be-
come Mainstream

E. Pian,"? P. A. Mazzali,"»%* N. Masetti,* P. Ferrero,” S. Klose,® E. Palazzi,* E. Ramirez-Ruiz,%"
5. E. Woosley.,” C. Kouvelioton,® J. Deng,%? A.V. Filippenko,'” R. Foley,'" J.P.U. Fynho,"
A. Kann.” J. Hjorth,''" K. Nomoto,*'*™ F. Patat,'”® JI. Sollerman,'" P. M. Vreeswijk,'®
E.W. Guenther,” A. Levan,®'® P. O’Brien,'” N. Tanvir,'"® R. Wijers,"® C. Dumas.'® O. Hainaut,'®
.. Amati,* E. Cappellaro,”*" A ). Castro-Tirado,”' F. Frontera,**? J. Greiner,* K. Kawabata,**

K. Maeda,®?® P. Mgller,"” L. Nicastro,* E. Rol'"
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Fig. 6.

Four-field diagram representing different varieties of Supernova-GRBs. There are differences in high-energy
properties defining the peak energy of the burst, as well as in the optical afterglow appearance. SN 20064
fills in the lower right of this diagram. as an XRF with supernova light dominating the transient.
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Table 1. Rates in an average galaxy

Hate [yvr~')

{ore-collapse supernovae 7= 1A
Hadio pulsars {Galactic) 4 = 1074
SNe Ib/fc 1 = 10~
Hypernovae m~ LR
GHBs (for different effective beaming angles #)
= 1° o= 109
@ = 5° 3 = 10-°
f=15° 3= 107"
hMassive stars
== 20} J‘ii_. 2w 10~
= A0 M, o 109
= =0 J‘-Zi‘;i_. 2w 101

GRB:s for 6 ~0.1° 7%10-°



OcHOBHOM pe3yJabTaTt onmuueckozo omodxycoecmenenus GRB ¢ o0bekTamu
yiKe u3BeCcTHON mpupoae! (FraIaAKTHKAMHU €O 3Be31000pa3oBaHueM):

Nere ~ 10 2 yr 'galaxy .

Y4uThIBas rOJJOBOM TEMIT B3pPIBOB MaCCHBHBIX CBEPXHOBBIX
Ny~ 102 -10 2yr 'galaxy ! u TOT akr, yto

ece nuHHBIe GRBS cBa3aHbI ¢ B3pbIBAMH MaCCHBHBIX CBEPXHOBBIX,
OTHOWEHNUE N ;p/Ng MOXKHO UHTEPIPETUPOBATH KaK CHIIBHYIO

KOJUIMMALIMIO KBAHTOB, 00CMuU2aiowjux Habaiooamers, KOraa u3y4eHue
ucrouHnka GRB nim kakag-To €ro 4acte pacrpoCTPaHsIETCS HA OYCHD
JAJIEKOE PACCTOSIHUE BHYTPU MAJIEHBKOI'O TEJIECHOIO yIJjia

Q... = Negg Ney ~(10°—106) - 4t sr

Ecimun GRB konnumMupoBaHbl Tak CUIBHO, OCBEIAs TOJBKO MaJIyI0 4acTh HeOa,
TOIJIa SHEPIUI0 KaXKJA0r0 COOBITHS HY)KHO YMEHBIIIUTh Ha HECKOJIBKO
MOPSJIKOB MO CPABHEHUIO C TAK HA3BIBAEMBIM «U30TPOIMHBIM
3KBUBaJICHTOM» £, (E, ~ 10°' - 10°% ergs u no 10° ergs). Takum oOpazom,

noJHbIi Beixo 3Heprur GRB MoxeT ObITh paBeH
In — ~ 45 _ 47
¥ E Q.. /4%t~ 10%-10* ergs.

beam
Ecnu sHeprus y-ny4dei, pacrpoCTpaHSIIOIIUXCS B BUJIE Y3KOI0 Iy4Ka,
JIOCTUTAIOIIIEr0 HAOJIIoIaTe sl Ha 3emile, SBIISIETCS BCEro JIUIIb YacThIO
MOJIHOM 3HEpruu, u3nydeHHoi nctounHukoM GRB (ot ~10%7 mo ~ 10% ergs),

TOT'/Ia OCMANbHAS YACMb YHEPTUU MOXKET ObITh U3ITYYACTCS U30MPONHO
(MJIM MOYTH U30TPOITHO).



UTOIMO:

CywlecTsyIoT NpsiMble U KOCBEHHbIe HabntoaaTenbHble CBUAETENbCTBA
B NONb3y HU3n4eckon cBsa3m MaccuBHbIX SN 1 AnnHHbLIX GRB. JTa
cBsA3b Oblna cHavana obocHoBaHa TeM, YTO BCe poaAUTENbCKUE
ranaktmkn GRB okazanucb 06blvHbIMK (Star-burst) ranaktukamm
BbICOKMMU TEMNAMU MaCCMBHOIO 3Be3a006pa3oBaHus (Djorgovski et
al., 2001; Frail et al., 2002; Sokolov et al., 2001; Savaglio 2006).

Ho ecnu 6kl B 60nbLLIOM KONMYECTBE cny4vaes Oblin NoyYeHsl
SICHble/6eccnopHble cnekTpanbHble U POTOMETPUYECKME NPUSHAKK
accoumaumnm obblvHbIX MaccuBHbIX SN Ib/c (n apyrux TunoB) u GRB,
TO KpOMEe TOro, 4To 3TO 66110 6bl NPSAMbIM 0Ka3aTeNbCTBOM CBS3M
GRB ¢ MaccuBHbIMK 3B€34aMKU, Mbl MO Obl UMETL €LLE U CUMbHbIE
HabnoaaTenbHble OrpaHUYEHMA Ha Yron KosmMaumMm ramma-nyyen
(GRB-beaming) n, Tem cambiM, umenu 661 HABJTIOAATE/IbHYHO
OLIEHKY MCTUHHOW MONHOW 3HEPreTUKn UCTouHnKoB GRB.



GRB — caMmble aanekue
B3pbiBbl SN. [lo kakux Z
MOryT HabnaaTbCs raMma-
BCMNJ1ECKN?

[1pn Kakux Z B3PbiBOB MACCUBHbIX
CBEPXHOBbIX yXe HeT?
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Fig. 4— Comparison between the
observed light curve of GRB080319B
(z=0.937) and those of other GRB
afterglows, both from the pre-Swift as
well as the Swift era, shifted to a
common redshift of z= 1 with the
method of Kann et al. (2006). The prompt
flash of GRB080319B is clearly shown to
be the most luminous optical transient
ever observed with a high degree of
confidence. In spite of this, because of its
rapid early decay the

afterglow at late times is quite
unremarkable, and 1s similar in this
regard to the three other “ultra-luminous”
gamma-ray bursts to date, GRB 990123
(z=1.6), GRB 061007 (z=1.261), and
GRB 050904 (z=6.29). In contrast, the
bursts that remain the brightest tend to be
those with late plateaus and slow decays.
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Fig. 5.—Rest-frame comparison of the most
luminous optical/IR probes of the distant
universe, showing the absolute magnitude
(Mr, in AB magnitudes as defined by Oke &
Gunn 1982) versus time of GRB080319B (red
circles) and SN2006gy (blue triangles; Smith
et al. 2007). Transformed light curves of
GRB990123 (yellow stars; adapted from
Galama et al. 1999) and GRB050904 (green
squares; adapted from Kann et al. 2007a) are
also shown. For reference, the most luminous
known QSO (Schneider et al. 2007) 1s shown
with a dashed horizontal line; the distribution
of SDSS QSO magnitudes, adapted from Fig.
6 of Schneider et al., is shown as horizontal
banding (darker indicates higher density of
sources per unit magnitude). The afterglow of
GRBO080319B was the brightest GRB
afterglow ever recorded and was at early times
103 times more luminous than the most
luminous QSO; for 1 hr (in the rest frame) it
was more luminous than the typical SDSS
QSO.
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Fig. 1 lllustration of the FB model and its internal /external shock scenario, adapted
from Ghisellini 2001,



B.1.Janb. TONKOBbLIN CNOBapb YXMBOrO BENTMKOPYCCKOro
A3blKa.

NMPEAPACCY)XXKAEHWUE wnu npegpaccyaox — npeny6exaeHbe,
TBEpAoe NOHATUE, MHEHUE, YoexaeHbe 0 fieNne, KOTOpoe He
[OBONbLHO 3Haelb; MHeHWe npeBpaTHOe UM OAHOCTOPOHHEE,
noxHoe; || nosepbe, cyesepue. ... ... Mbl HEBO/IbHUKU
O6LLECTBEHHBIX MPEAPACCY/KOB.



B.1.Janb. TONKOBbLIN CNOBapb YXMBOrO BENTMKOPYCCKOro
A3blKa.

NMPEAPACCY)XXKAEHWUE wnu npegpaccyaox — npeny6exaeHbe,

TBEpAoe NOHATUE, MHEHUE, YoexaeHbe 0 fieNne, KOTOpoe He
AOBONBHO 3Haellb; MHeHWe NpeBpaTHOe UM OQHOCTOPOHHEE,
noxHoe; || nosepbe, cyesepue. ... ... Mbl HEBO/IbHUKU
O6LLECTBEHHBIX MPEAPACCY/KOB.

Harpumep, TBepaoe yoexneHue OOIbITMHCTBA JIFOJICH O TOM, UTO
YEPHBIC JBIPHI YK€ OTKPBITHI. . .



The Core-collapse SNe

An interesting remark from astro-ph/0604047 (Branch et al.),
concerning the classification of the core-collapse SNe:
SN 2005bf (Type Ib, or Ib/c, or Type Ibc) showed evidence for high
velocity polar ejection, reminiscent of SN 1998bw-like explosions of
massive stars, some of which produce GRBs. In view of the high
ejected mass and the polar ejection, Folatelli et al. (2006) suggested
that SN 2005bf may have been a transition event between ordinary
SNe Ib/c and "hypernovae".

Therefore if SN 2005bf ejected hydrogen we should consider the
possibility that SN 1998bw-like SNe Ic also do.

But the it is not forbidden to think that the point is in an asymmetric
explosion of these core-collapse SNe and to do without introduction of
a special class "hypernovae".



The Core-collapse SNe

On asymmetry of explosions of core-collapse SNe (astro-ph/0701198)

F06 discussed models for SN 2005bf. Although the numerical results they presented
were based on spherical symmetry, they envisaged a grossly asymmetric explosion
having many features in common with the SNe that are associated with GRBs, for
which the most popular model is the collapsar model (Woosley & Bloom 2006). In
SN 2005bf, according to F06, a collapsar launched relativistic jets that drove a small
fraction of the ejected matter into high-velocity (v > 14,000 km s!) bipolar flows...

Another issue is the distribution of hydrogen with respect to velocity. The progenitor
star contained a surface layer of hydrogen. If the bipolar flows are of sufficiently
wide opening angle, it may be that a pole-on observer sees only HV hydrogen in
absorption, not PV hydrogen. But an equator-on observer would see PV hydrogen in
absorption. Equator-on is statistically more likely than pole-on, yet it is not clear that
any SN Ib/c has been seen to have PV, but not HV, hydrogen. Thus the F06
interpretation of SN 2005bf requires that SN 2005bf-like events are quite
uncommon; otherwise, SNe Ib/c with PV but not HV hydrogen in absorption should
be found.



Astro-ph/9909048 Bohdan Paczynski

5. Hypernova

While the term ‘hypernova’ became popular recently,
it was been sporadically used in the past (e.g. Wilkinson &
Bruyn 1990). It does not have a clear, universally accepted
meaning. The following are several examples.

1. Hypernova is just a name. The optical light curve of
GRB 970508 was several hundred times brighter than any SN
ever discovered. The absolute luminosity of several other
afterglows, e.g. 990123, 971214, 990510, was higher by
another factor 100 (cf. Norris et al. 1999). So, rather than
call it a super-super-nova, or a super-duper-nova, a term
hypernova seems reasonable as a description of the
phenomenon, with no implications for its nature.

2. ...



The main result of optical identification of GRBs with objects of already
known nature (star-forming galaxies) is NGRB ~ 10 3yr i galaxy

Allowing for the yearly rate of (massive) SN explosions
Noy~ 107 — 107 yr 'galaxy - and the fact that

all long-duration GRBs are related to explosions of massive SNe,

the ratio Nzz/Ngy should be interpreted as a strong collimation of quanta

reaching an observer, when the radiation (a part of it) of the GRB source
propagates to very long distances within a very small solid angle

Q, = Ny /Ngy~ (10°—10°) - 4z sr

If GRBs are so highly collimated, 1lluminating only a small fraction of the sky,
then the energy of each event must be much reduced, by several orders of
magnitude in comparison with a so called “isotropic equlvalent” E_(E

lSO N

10°! - 10°% ergs and up to 103 ergs). So, a total GRB energy release 1s
ﬁ'me - Eiso Qbeam/ 477: ™ ]045 - 1047 ergS .

If the energy of y-rays propagating in the form of a narrow beam reaching an
observer on the Earth is only a part of the total radiated energy of the GRB

source (from ~10* ergs to ~ 10* ergs), then the other part of its energy can
be radiated in isotropic (or almost 1sotropic) way indeed.



ApJ, 566, 1005-1017, 2002, D.Branch et al.
20000 . . . .

15000 —

10000 —

VELOCITY (kms )

5000
-20

DAYS AFTER MAXIMUM

Fic. 23—Mmimum velocity of the He 1 lines ( filled squares when unde-
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hydrogen lines (open circles; always detached) are plotted against time after
maximum light. The curve is the power-law fit to the velocity at the photo-
sphere, from Fig. 22.
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Figure 1: Relation between the
kinetic energy of the

explosion (E,) and the mass of
ejected *°Ni [M(**Ni)] of
stripped CC-SNe (see
supporting online text). Colors
indicate the ejecta mass (M,).

For SN IIb 1993J and SN Ib
2005bf, the ejecta mass after
sub-tracting the He envelope
mass is shown as M , to
compare with SNe Ic, which
lack the He envelope. SNe
associated with GRBs or an
X-ray (XRF) are indicated by
stars, and broad-lined SNe Ic
without GRBs/XRFs by open
circles. Other (normal)
stripped CC-SNe are shown as

dots.
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Table 51: Supernova Samples

SN Type Observing Date Days' References Figure?

199N 1o 1992-1-9 286 Lick {51) o

1997dg  broad-Ie 1998-8-18 289 Lick {51) o

1997ef  broad-Ic  1998-9-21 299 Lick {51) o

2002ap  broad-Ie  2002-9-15 229 Subaru (S12) o

2003jd  broad-Ie  2004-9-12 323 Subaru (S11) o

2004dk  Th 2005-7T-6 342 Subarn
2(M)5-8-26 392 Subarn o

2004fe  Ie 20005=T=6 250 Subarn o
2005-8-26 SO} Subaru

2004pk  Ic 2005-7-6 224 Subaru o

200Mdegn  Ie 2005-7-6 218 Subary o

2Mdeg Ib 20015-8-26 258 Subary
20005=10-25 318 Subarn o
2005-12-27 341 Subarn

200degv  Ihje 2005-7-6 206 Subaru
2005-8-26 206 Subarn o

20054 le 20015-8-26 189 Subary
20005=10-25 249 Subarn
2005-12-27 312 Subaru o

2005k Ie 2006-6- 30 220 Subarn o
2006-12-25 398 Subarn

2005ks broad-TIe.  2006-6-30 211 Subarn o

20anb  broad-Te  2006-6-30 195 Subarn o
2007-1-24 413 Subarn

2006 Th 2006-6-310) 173 Subarn
2006-11-16 312 VLT o

2006T 1Tk 2(0)6-11-26 i Subarn
20M)6=12-25 329 Subarn o
2007-2-18 384 VLT

2006ck  Ie 2007-1-24 249 Subarn o

'"Days since the discovery.
*The spectra shown in Figures 1 and 2 in the main text are marked by circles.



