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Isotropic irradiated y—ray energy vs redshift
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Early Multiwavelength Counterparts
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HST Fields of GRBs

(physical scale across each image is about 7 kpc)

100316D 030329

0425 .
g' ¥

Pl ff‘
b

020903

Starling et al. 2011



GRB980425
Supernova 1998bw (Type Ic)

Megnitude

aV
oB
oU+0.5
¥V+2.5 of SN 1994l
20 20
t (days after burst)

SN 1888bw

SN 1998bw in Spiral Galaxy ESO184-G82

z =0.0085

ESO PR Photo 39a/98 ( 15 October 1998 ) © European Southern Observatory SN 1984L (Ib}

5000
Wavelength (&)

Galama et al. 1998




GRB-Supernovae with ESO VLT+FORS
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Swift was triggered by XRF060218 on Feb 18.149, 2006 UT

XRT (0.3—10 keV)
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Shock breakout or jet cocoon interaction with CSM,
Or central engine, or synchrotron + inverse Compton ?



M(56NIi) = 0.2 Msun
M(progenitor) = 20 Msun

Mass of remnant is compatible
With neutron star rather than
Black hole
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Shock breakout in SN2010bh (z = 0.059)

Gemini-South, Faulkes telescope, HST
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Gemini-North GMOS g+r+i
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Light Curves of GRB and XRF Supernovae at z < 0.3
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20-200 keV
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X-ray light curves of low-redshift GRBs
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Amati Relationship
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Photospheric velocities of Type Ic SNe

Pian et al. 2006
Bufano et al. 2012
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GRB091127/SN2009nz (z = 0.49)
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Properties of GRB-SNe
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Summary and open problems

Most long GRBs and XRFs are associated with energetic
spectroscopically identified Type Ic Sne. SNe associated with GRBs are
more luminous than XRF-Sne

Mechanisms:

Collapsar: a BH forms after the core collapses, and rapid accretion on it
feeds the GRB jet.

Magnetar: the NS spin-down powers a relativistic jet

Is the early high energy emission due to an engine (jet) or to shock
breakout?

Not all Type Ic SNe make GRBs.
Can these be misaligned with
Respect to the line of sight?




