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GRB
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SNe & GRBs at z< 0.2
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PPOPZI"TiZS of GRB-SNe (broad-lined SNe-Ic)
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Explosions are aspherical (profiles
of nebular lines O vs. Fe and
Polarization)



SN 1998bw SN 1987A

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

see also Tautenberger et al. 2009

Ey ~ 30 x 10°! erg Ec~1x10% erg
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Modeling lightcurves and spectra

Iwamoto et al. 1998
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Distant GRB/SNe ?




GRB
GRB 021202
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GRB census > 0.2
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Bumps could be produced by different phenomena
as dust echoes or thermal re-emission of the

afterglow or thermal radiation from a pre-existing
SN remnant
(e.g. Esin & Blandfors 2000; Waxman & Draine 2000; Dermer 2003)

At higher redshift secure SN identification
becomes difficult because the SN gets fainter,
which leads to problems of obtaining sufficient
signal-to-noise in the spectra, a problem that is
aggravated by contamination of the host galaxy
and the afterglow

Time consuming observations: single epoch spectrum
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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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Long-GRBs have ~ 30 - 50 M, Raskin et al. 2008
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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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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 ?
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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

<fb-1> ~500
<fb1> ~75
<fb1>< 10
<fbl> ~ 1

(Frail et al. 2001)

(Guetta, Piran & Waxman 2004)
(Guetta & DellaValle 2007 )
(Ruffini et al. 2006)

(9 ~4°)
G
(9 > 25°) for sub-lum GRBs

(9 ~4m)

27



To BEam or not to BEam

r p :




Forward shock (wide jet)

Racusin et al. 2008 t>800s

Central
engine

y-ray
X-ray
Ultraviolet/optical/NIR
Radio

R=10"7cm

Forward shock (narrow jet)
t = 80-40,000 s

Reverse shock
(not seen)

Internal shocks
t=0-50s
R =101 cm

RS
Reverse shock
t=50-800s

GRB 0803198



In some cases there is not evidence for beaming, i.e. an
achromatic break was not detected (Covino et al. 2006; Panaitescu et

al. 2006) .

see also Willingale
and Greiner talks
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The faster the narrower: characteristic bulk velocities and jet
opening angles of Gamma Ray Bursts

G. Ghirlanda'*, G. Ghisellini', R. Salvaterra?, L. Nava®, D. Burlon®*, G. Tagliaferri®,
S.Campana', P. D’Avanzo', A. Melandri'  (2013)
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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

<fb1> ~BO0  (Frail et al. 2001) (9 ~ 4°)

<fbl> ~75 (Guetta, Piran & Waxman 2004) (9 ~9°)

<fb1>< 10  (Guetta & DellaValle 2007 ) (9 > 25°) for sub-lum GRBs
<fbl>~1 (Ruffini et al. 2006) (9 ~ 4 )

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



Gamma-ray Trigger

A. M. Soderberg’, S
R. A. Chevalier'!, P. Chandra®,
V. Chaplin’, V. Connaughton’,

N. Chugai'!, M. D. Stritzinger

P. A. Milne', M. A. P. Torres’

GRB/SNe-Ibc ~ 1/146
GRB/SNe-Ibc ~ 0.7%

< 5% at 99%

Discovery of a Relati
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HL-GRBs vs. LL-GRBs
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SNe & GRBs at z< 0.1

GRB SN v4 E.. (erg)
GRB 980425 SN 1998bw 0.0085 ~ 1048
GRB 060218 SN 20064 0.033 ~ 10°Y
GRB 080109 SN 2008D 0.007 ~ 104
GRB 100316D SN 2010bh 0.06 ~ 109

LL-GRBs sample a volume ~10° smaller >

Rate: up fo x 103 Gpc3yr! 0.7 GRB Gpc3 yrt
(Della Valle 2005, Pian et al. 2006, Cobb et al. 2006, Soderberg et al. 2006,
Liang et al. 2006, Guetta & Della Valle 2007, Amati et al. 2007) »



LL vs. HL Rates

LL-GRBs ~71x (1+10)~ 70 =700 LL-GRBs Gpc-3 yr-!

<fb1> crps ~ 75 =500

HL-GRBs ~ 0.7 x <fb> ~ 50 = 350 Gpc3yr!

The faster the narrower: characteristic bulk velocities and jet
opening angles of Gamma Ray Bursts

G. Ghirlanda'*, G. Ghisellini*, R. Salvaterra?, L. Nava®, D. Burlon®, G. Tagliaferri®,
S. Campana', P. D’ Avanzo', A. Melandri*

LL-GRB/HL-GRB < ~ 20



LL vs. HL GRBs
Clues to different central engines?

Piran et al. 2013; Tsutsui & Shigeyama 2013;



E i (kCV)

PNS M=25 M :R=13 km
Haensel et al. 2009
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GRB 120422A /SN 2012bz: Bridging the Gap between Low- And
High-Luminosity GRBs

S. Schulzel?3, D. Malesani?, A. Cucchiara®, N. R. Tanvir®, T. Kriihler®?°, A. de Ugarte Postigo”,
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Conclusions

The energetic budget of most GRBs (LL-GRBs
10x) is a fraction (of a tiny fraction) of Ek of
HNe. They might well be related to relatively
low energy phenomena (E4 < ~ 10°9 erg) such
as SN shock break-out (2006aj/060218) or
Jet failed (2008D/XRF 080109) events or
gmvifaﬁona/ capture (GRB 101225A) of minor
odies onto compact stellar remnants.



CO nC l US iO nS cont'd

The so called "cosmological GRBs" E, .~ 10°2->% erg
(Eg < ~ 10°2erg, after correction for beaming) are
more energetic events that have been explained
with different models.

Their frequency of occurrence is small:
GRBs/SNe-Ibc = 0.003-1.5% >

HL-GRBs/HNe: 37%-20% (cfr. LL-GRBs/HNe > 407%)



Open Issues
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- Failed Jet

1000~ minor body onto NS

T

E— Shock Break-out
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Detection of very energetic ( Eg > ~ 10°%>3
erg) events require more energetic
scenarios likely based on black hole
formation (spin down of Kerr BH ? van Putten et al. 2011)



