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Observational evidence of the 
connection between GRBs and 
SNe

ex. GRB980425/SN1998bw, 
      GRB030329/SN2003dh
      GRB060218/SN2006aj.

power law
 : afterglow

SN component
appears!

Spectrum :after a few days 
~ after a month from the burst 

SN1998bw/GRB080425

Long-duration GRBs associated with core-collapse SNe

We can not know any direct progenitor's information for almost of
all GRBs, even if the burst originates core-collapse SNe.



Collapsar model is a kind of core collapse of SN, i.e. “ highly
aspherical explosion”. (Wooseley 1993, MacFadyen et al. 1999)

Progenitor

Bipolar jet passes through
the envelopes

Shell structure



Jets from collapsars propagates in the dense
stellar envelopes before the shock break.

Jet's energy is confined in the
cocoon during the propagation 
in the progenitor

Phase 1

A high pressure cocoon 
surrounds the jet.
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Jets from collapsars propagates in the dense
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Angular energy distribution (dE/dΩ(θ))is important to 
understand GRB outflows.

Q. Is there any dependence of progenitor
characteristics,such as, radius, mass, etc. 
on  angular energy distribution ?



  Progenitor models : radial mass profiles developed  
   by   Woosley & Heger(2006)

Initial angular
momentum,
mass loss rate
dynamo on/off
metallicity
    (1 Z_solar,
 1/10 Z_solar,
1/100Z_solar)    

radius(cm)

density(g/cm3)

r>rsurf

ρ =ρ0 (r0/r)
-2

or 10-6 g/cm3



  Progenitor models : radial mass profiles developed  
  by  Woosley & Heger (2006)

Initial angular
momentum,
mass loss rate
dynamo on/off
metallicity
    (1 Z_solar,
 1/10 Z_solar,
1/100Z_solar)    

radius(cm)

density(g/cm3)

r>rsurf

ρ =ρ0 (r0/r)
-2

or 10-6 g/cm3

  1  Z_sun
  1  Z_sun
  1  Z_sun
0.01Z_sun
0.01 Z_sun
 0.1 Z_sun

 4 models ~  5 M_sun
 2 models ~10 M_sun
13 models~15 M_sun



JET CONDITION
dE/dt=1051 erg/s
θ=5 degrees
Γ=5
ε/c2=30
rin=108cm
rmax=1011cm

Before Shock break
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JET CONDITION
dE/dt=1051 erg/s
θ=5 degrees
Γ=5
ε/c2=30
rin=108cm
rmax=1011cm

Shock break 前

After shock break

Take a snap shot when the head of the jet reaches 
r=1011cm

Derive the angular energy distribution, considering
       constant fraction of the energy of the matter 
           is converted to radiation at each cell,

     　　 excluding cocoon component.





RESULTS : Angular energy distribution (dE/dΩ) 
derived from numerical simulations

When the head of the jet ＠r=1e11cm

2 power law slopes
(a kind of broken power law
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l=0.1

h=-2.4

RESULTS : Angular energy distribution (dE/dΩ) 
derived from numerical simulations

When the head of the jet ＠r=1e11cm

Expanding
cocoon contribution
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RESULTS : Angular energy distribution (dE/dΩ) 
derived from numerical simulations

When the head of the jet ＠r=1e11cm
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Strong dependence of the index (h) on progenitor 
mass

Large dispersion
caused by various
of mass density
profile

 

Progenitor mass (M_sun) @ pre-SN



Strong dependence of the index (h) on progenitor 
mass

Large dispersion
caused by various
of mass density
profile

Progenitor mass (M_sun) @ pre-SN

We do not find any good
relations on other 
progenitor characteristics, 
such as, radius, average 
density, except mass loss 
rate, assumed in the stellar 
evolution.



Angle (degree)

 “Equivalent isotropic” angular energy distribution

Derived dE/dΩ is 
not uniform in angle.

We define Equivalent
isotropic angular 
energy dE/dΩiso

  =[2π(dE/dΩ)] / (2π sinθ dθ)
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Energy in hemisphere 



  Equivalent isotropic energy 



average jet velocity and time to cross the progenitor 

vave=R*/tsh

Deposited energy 
before the shock break
is  proportional to 
crossing time. 

Progenitor mass (M_sun) @ pre-SN Progenitor mass (M_sun) @ pre-SN

Average velocity in the progenitor
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Pressure @ shock break : 
light progenitor v.s. Heavy progenitor

t=3.2s

t=2.0s

The pressure  is the energy density
p_cocoon is [energy input / volume ]

x1.6x1.6

Heavy
mass

Light
mass

Progenitor sureface
Surface

Progenitor sureface
Surface

v_side fast

v_side slow

x1.3

P_heavy> P_light



Jet Power and opening angle dependence (1)
case:  HE16C (5.15_Msun) light progenitor model



Fixed Γ=5, ε/c2=30, rin=108cm

Jet Power and opening angle dependence (2)
case:  16TB (15.29_Msun) heavy progenitor model



Fixed Γ=5, ε/c2=30, rin=108cm

Jet Power and opening angle dependence (3)
index (h) 

Progenitor mass (M_sun) @ pre-SN

Low power and wide  opening 
angle models seem to
approach asymptotic index.



We studied the dependence of the angular          
energy distribution of the progenitor                   
characteristics and jet parameters.
The angular energy distribution after shock break
can be fitted by broken-power law like function +
cocoon component.
The indices in the fitting function strongly depends 
on the mass of the progenitor @ pre-SN.
The jet power and opening angle dependence
  the jet with low power and wide opening angle
  shows asymptotic index _h the in angular 
  energy distibution.

Conclusion



Theoretical derivation of the  angular energy 
distribution after shock break  by Lazzati & 
Begelman (2005)

Morsony et al.(2007) derived the angular energy distribution 
from numerical hydordynamic simulations. The distribution  
does not follow -2 dependence.



Theoretical derivation of the  angular energy 
distribution after shock break  by Lazzati & 
Begelman (2005)

Morsony et al. derived the angular energy distribution from 
numerical hydrodynamic simulations. The distribution  does 
not follow -2 dependence.

Q. Is there any dependence of progenitor

characteristics,such as, radius, mass, etc. 
on  angular energy distribution ?


