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Supernova faxonomy
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SNe & GRBs at z< 0.2
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PPOPZI"TiZS of GRB-SNe (broad-lined SNe-Ic)

M(56Ni) ~ 0.4 M®
M(56Ni) ~ 0.3 M®
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Time after SN explosion [rest—frame days]




SN 1998bw SN 1987A

. ' Aspherical explosion
. Maeda et al. 2006, 2008

see also Tautenberger et al. 2009

Ex ~ 30 x 10°! erg Ec~1x10% erg
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Modeling lightcurves and spectra
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GRB
GRB 021202
GRB 050525A
GRB 101219B
GRB 060729
GRB 090618
GRB 081007
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GRB 120729A; 130215A;

GRB 130831A

GRB census > 0.2
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SN Ic——
SN Ic (broadiined)
SN Il —
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Kelly et al. 2008 find that SNe-Ic and LGRB erupt in the brightest
regions of their hosts (see also Fruchter et al. 2006)
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What Stars are GRB Progenitors ?

*
: z = 0.033
N b faint: y = 10%° erg
STa s . . M, (host) = -16
F .
" Host has brightness
’ Similar to SMC
GRB 060218/SN 2006aj** 2/1Z5~0.3

(Campana et: al. 2006) . 2006aj = SN-Ic



10®

109

lllllll L] . llll'll Al A lllllll Ll

XRT (0.3-10 keV)

1010
107 o
L
~ 1012 o,
T r =g
o 10-13 +4 4
¥ 10 .
£ + -l
o A ' llllll s A A llllll s s s llllll 4 4 'S llllll . n
9 b . . L llll' . . L | Illl' . . L ) lll'l L L) L | lllll L)
P ’ §
X 1012 T uvoT
s 10 3 % et & o E
- E s o' ...;0,0 s E
e ——— —— . ® e *N "
E + e o * ‘0‘ ‘ H
i + - ¢ L L
10°: .
: + *%e,
I MR g |
10_14 1 O 1 llllll 1 O 1 llllll 1 O | llllll 1 11 llllll
102 103 104 10° 106
Time (s)

Campana et al. 2006



__ 80 Patat et al. 2001
— i  en an ' '; - ® SN1998bw -
% o900 00000 O - o SN1997ef .
Y 0.1 3 S - A SN19941 .
~ C Z 20k D O SN1994D —
8 - 2 - A= e SN1987A .
3 [ E - AA ]
& 0.01 F > - "o E i
~ ' s o i R } _
8_‘ C o ‘:bc%m
E i % 1.0 — Q?o%oo {oo _
= 15 | 1 o0 R % %
107 p——+—+—+++4 - I i )
E _ [ | 1 L | ] | | l | i 1 i | | ]
—~ 1014 " 0 20 40 60
E 3 Davs from Explosion
G
2 10 = —
=
b= 12 f -
= o9
& 10%% 1 00 % .
: 3 x10 km/s
011 1 1 1 L1 lllI L 1 1 L 111 ll 1 11 llll 1
100 1000 ¢ 10* 10°
4 x 101 cm

Campana et al. 2006



SNe-CC size progenitors
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What is the rate of SNe-Ib/c ?

galaxy N. SNe~™

type Ia Iblc II

E-SO 220

S0Oa-Sb 18.5 55 160
Sbe-Sd 224 74 315
Others™ 6.8 22 30

All 696 149 525

Asiago Survey (Cappellaro et al. 1999)

Ia

0.18 4 0.06
0.18 & 0.07
0.21 £ 0.08
0.40 £ 0.16

0.20 £ 0.06

Rate for Ib/c: 0.152 + 0.064 SNu

rate [SNu]
Ib/c II

< 0.01 < 0.02
0.11+0.06 0.424+0.19
0.14 == 0.07 0.86 =0.35
0.22+0.16 0.65+0.39

0.08 +0.04 0.40£+0.19

Guetta & DV 2007

1.8 x 10* SNe-Ibc Gpc3yr1- 1.1x

10 up to 2.6x 10*




What is the rate of SNe-Ib/c ?

Rate

Early(fiducial; SNuK)
Late(fiducial; SNuK)
Early(LF-average; SNuK)
Late(LF-average; SNuK)

Vol-rate (1074 SN Mpc—2 yr—1!)

Lick Survey (Li et al. 2011) 4
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0.008™ 0 004 ("0 002)
0.096 70000 (0 018)
oot oD
0.0837 5008 (T0:016)

+0.044 ,+0.058
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SN II

0.00475-002 (X5-001)
0.1727 5017 (T0.038)
ouo i
0.14970-000 (0 021)
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Rate for Ib/c: 2.6 x 10* SNe-Ibc Gpc3yr!

2.2 x 104> 3 x 10* SNe-Ibc Gpc3yr! | .




What is the rate of (long) GRBs ?
GRB Gpc3 yr-!

1.5  schmidt 1999
0.15  schmidt 2001
0.5 Guettaet al. 2005
1.1  Guetta & Della Valle 2007
1.1  Liang et al. 2007

Sample Rate (z = 0)! L* [50-300] keV aq a, x*/d.of3

> 0.5 Pelangeon et al. 2008 POpCR Yt 10%ergs =~ 0000
GBM 0503 5515 0310123106 1]
1.3  Wanderman and Piran BTN as 1.002 42 0.1*03 2,6%2 1.1

Swifi 06703 3325 01 095



What is the local rate of (long) GRBs ?

IIIIIIIIIIIIII

0.7 GRB Gpc3 yr-!
(0.5-0.8)
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What is the fraction of SNe-Ib/c which
produces (long)GRBs ?

Rate for Ibc: 2.4 x 104 SNe-Ibc Gpc3yr-!
GRB rate: 0.7 GRB Gpc3 yrt



What is the fraction of SNe-Ib/c which
produces (long)GRBs ?

Rate for Ibc: 2.4 x 104 SNe-Ibc Gpc3yr-!
GRB rate: 0.7 GRB Gpc3 yrt

<fb1> ~B00  (Frail et al. 2001; Ghirlanda et al. 2013) (9 ~4°)

<fbl> ~75 (Guetta, Piran & Waxman 2004) (9 ~9°)
<fb-1>< 10 (Guetta & DellaValle 2007 ) (9 > 25°) for sub-lum GRBs
<fbl>~1 (Ruffini et al. 2006) (up to § ~ 4 1)

GRB/SNC-IbC: 1.50/0-0.003 VA

27



GRBs are very rare phenomena

GRB/SNe-Ibc: 1.5%
Ibc/CC ~ 0.30
GRB/CC-SN ~ 5 x 103

N(30M,-120M,)

~ 0.15 (Salpeter IMF)
N(8M,-30Mg)

What causes some small fraction of CC-SNe to
produce observable GRBs, while the majority do not?



Special conditions are requested to stars
to be GRB progenitors:

1) to be massive ~ > 30Mg (Maeda et al. 2006; Raskin et al. 2008;
anaka et al. 2008)

1;2‘ H/He envelopes to be lost before the collapse of

e core, i.e. the GRB progenitor is a WR star
(Campana et al. 2006)

iii) low metallicity and star forming environments
(Modjaz et al. 2008, Fruchter et al. 2006, Levesque et al. 2012)

Iv) binarity (Panagia 1988 and Smartt et al. 2008 = a significant
fraction of SNe-Ibc progenitors are binaries)

V) high rotation (Yoon et Langer 2005; Campana et al. 2008,
Yoon et al. 2012)

Vi) asimme‘rr%c explosion ( Taubenberger et al. 2009;
Maeda et al. 2008)



Open Issues
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To BEam or not to BEam
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Energy Crisis
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But similarly to other astrophysical sources also GRBs are ex‘Bec‘red to be jetted sources. If this is the
case we should expect a clear signature in their light curve time decay due to the presence of a jet....
Here is the explanation of the jet break time

|] T |, ., Surf.

r . Jet opening
Relativistc beamln?: angle
emitting surface « I/T
Log(F) Jet Break
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E,; (keV)

104, PNS M=2.5 My:13km ; Haensel et al. 2009
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104, PNS M=2.5 My:13km ; Haensel et al. 2009
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Stellar Explosions Sequence

Nova system:
WD + (low mass) MS star MWD ~ 1 M@ Rate x 103

10%* erg
Supernova Ia system: Myp ~ 1.4 Mg
WD + (subgiant) MS star 51 Rate =1
or WD+WD 10> erg
HL-GRB system: ~ 2
NS + SN Ms Mo Rate < 10-2



GRBs are very rare phenomena

GRB/SNe-Ibc: 1.5%
Ibc/CC ~ 0.30
GRB/CC-SN ~ 5 x 103

N(30M,-120M,)

~ 0.15 (Salpeter IMF)
N(8M,-30Mg)

What causes some small fraction of CC-SNe to
produce observable GRBs, while the majority do not?



