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GRBs are the most energetic phenomena in the sky
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Collapsar model is a kind of core collapse SN and highly

aspherical explosion. (Wooseley 1993, MacFadyen et al. 1999)

1. Fe core collapses and becomes

Shell structure BH/proto-NS. Outer layers begin to

- i free-fall.
i T 2. Due to rotation of the progenitor,
”\@Di* accretion gas is expected to form

uBprrf“O-NS an accretion disk
MHD and/or “neutrino
annihilation” forms bipolar jets.

. accretion disk
Prgg nitor about 10~20 secs

Free-fall time scale
~1/sqrt(pG)~100sec
>> jet crossing time scale

This formed jet shol?§§Sropagate

in the progenitor ! o
We have not fully understood whatthe central engine is.

How can we make highly relativistic collimated outflow ?

Collapsar is a strong candidate of the central engine of
lona duration GRRec (obecervationallvy cunnorted 1)



Two types of approaches by Relativistic HD:

thermal energy deposition & injected jet
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Aloy et al. (ApJL 2000)
(thermal energy deposition)

Relativistic version of MacFadyen et al. ( i

An emerging _]Et from the center B 02 04 06 08 10 12 1.4 - 5 (mﬂﬁ | 15 20
should propagate in the progenitor e

and erupt to ISM. Zhang et al. (a jet injected)

These calculations show successful eruption of relativistic jets
from the progenitor.

But there still remains some issues



There are similar phenomena to GRBs

Those are X-ray Flashes(XRFs) and X-ray rich GRBs
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No remarkable signals

in y-ray range.

The phenomena look
like quite similar. The
event rate of XRFs is
similar to those of GRBs
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We have studied jet propagation by outflow injection.

Numerical set up of our model

Initially spherical, 2D axisysmmetric geometry
Surface of progenitor

ISM

r

R0=7x107cm
Z W=2x108cm

Computational box lo

cf. R, (1M sun)~3x10°cm

cylindrical axis <+ Outflow . .
- parallel to the axis, no opening angle
Center of/ injection

progenitor
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Hashimoto et al. (1997)
[40M_sun at main sequenc
-16M _sun presupernova

|SM
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2D Relativistic hydrodynamic
Eq. are solved.

p=(y-1) pe y =4/ 3 (const)
Mizuta et al. '04,'06

6



We have done parametric study on injected outflow condition,

varying kinetic and thermal energy of injected outflow
Four parameters are necessary to define the outflow

We fixed two of them. Maximum Lorentz factor
« R =7.0x10" cm can be derived from energy
0 conservation law

- dE/dt = 1.0x 10" erg/sec |r_ ~T (1+¢ /c?)

where E=E_ +E_ follow up to 10secs e
E tot=1.0 x 10°* erg

Wevary [, and ¢ /c’ of the outflow| ¢ sne
Log scaled density contours of models v~sqrt( E / M),

<100 _
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_ M bulk Lorentz factor
N r (v,/c)=1.05(0.3),1.15(0.5)
1.4(0.7),2(0.87),3(0.94)

specific internal energy (g,/c

T °\° | 4(0.97),5(0.98)

4 _ e

. e, : specific internal energy
01!..L= : g /c*=0.1,1.0,5.0 7
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The outflow can keep the collimated
structure and show successful break
from the progenitor.

Highly relativistic jet would be observed
as GRBs

Mildly relativistic jet would be observed

as XRFs
8



Highly Lorentz factor component (more than 100)

appears in late phase of the injection in one model
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“{The acceleration caused

by energy conversion

|from thermal energy to
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p, I profile along cylindrical axis
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In the collimated outflows

(jets) internal structures
can be seen

When the gas expands,

the Lorentz factor increases
(rarefaction).

The discontinuities
correspond to the internal
shocks.

Those are trigged by the
“shear flow instability” in
the jet or the “interaction
between the jet and back

flow".
Bow Shock

Back Flow C

o —————
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The collimated jet has a back flow which enhances

the collimation of the jet.
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A continuous transition from collimated jet
to expanding jet is observed
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The other series (aO/c2 =1.0, 5.0) also
show the same transition.




The feature of the outflow varies from collimated jet to expanding
outflow by changing the injected outflow velocity.

The highly relativistic and collimated jet : GRBs

The mildly relativistic and collimated jet or expanding outflow
: X-ray Flashes

The non-relativistic expanding outflow
: aspherical SN (no GRB or X-ray Flash)

The achieved maximum Lorentz factor depends on the Lorentz factor
and internal energy of the injected outflow.

Fine structures along the jet are observed.

Two possibilities
shear flow instability in the jet
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