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8 1: Introduction



Gamma-Ray Bursts
One of The Most Mysterious Objects in the Universe
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ABSTRACT

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 5, and time-integrated flux densities from ~10—% ergs cm—2 to ~2 X 10—% crgs
cm—2 in the energy range given. Significant time structure within bursts was observed. Directional

information eliminates the Earth and Sun as sources.
Subject headings: gamma rays — X-rays — variable stars

_ The origin (distance from the earth)
Time (S eC) of GRBs had been unknown for 25yrs.




Long GRBs and Short GRBs
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Figure 1. Prompt emission properties of 20 Swift-era short bursts (diamonds) in the context of the
BATSE population (grey squares) and corresponding population models (contours). Burst durations
(Tqq) and hardness ratios ( Hg, ) for the Swift-era bursts are drawn from table 1; BATSE burst properties
are from the current catalogue. Solid contours outline the two bivariate lognormal distributions for one
of our model fits. The dashed line traces the locus for bursts with even odds of being drawn from either
population in this model, and dotted lines trace the loci for bursts with 10 : 1 odds of being drawn from

one population (short bursts, on the left) or the other (long bursts, on the right).

Fox and Roming 07

Fig. |. The bamodal duratron distnbution of GRBs. The cbservations (2041 barsts in the current BATSE catalog) are marked by the thick stairs.

T'he decomposition of the distribution into two lognormal distnbutions, as determined by Horvath (2002) (thin solid lines) and the sum of these
components (thick solid line} are superposed



Long Gamma-Ray Bursts
the most powerful explosions in the universe

Nowadays,
some Long GRBs are known to be
associated with explosions

whose explosion energy is 10"52 erg.

=10 times larger than the explosion
energy of a supernova explosion.

= 10 times larger than the energy
/\;\ emitted from the sun in its whole
life.

Cartoon of GRB (Long Bursts)
From NASAGs HP

Explosion mechanism is still unknown.



Some Long GRBs and Hypernovae
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Explosion energy is estimated to be 1E+52ergs,
Which cannot be explained by the standard scenario
Of core-collapse supernova.
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Final stage of massive stars.
Explosion energy is about

1E+51 ergs.

' A neutron star is left at the center.




Scenario of Normal Collapse-driven
Supernovae Figure: S.Yamada

core collapsds n trapping core bounce
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(Gratitational Bindingj Energy Is 3E+539rgs.
Explosion energy, 1E+51ergs, is obtained
through weak interactions.




Promising candidates for the
energy scales
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(a) Gravitational Binding (b) Rotation Energy of
Energy of Accreted Matter a central BH (magnetar).
onto a central BH. Durationis  (1-10) sec?
Durationis 10sec. Blandford-Znajek Process

MacFadyen and Woosley (1999)



Requirements to realize GRBs

A Large explosion energy is required.

A Highly relativistic outflow is required = Very high
ratio of Kinetic/Rest Mass energy: Jet is required.

l

In the standard core-collapse scenario, a GRB jet can not
be produced.

What is the central engine?
Rotating BH (Neutrino pair-annihilation? BZ-process?) ?
Magnetar?



Movie of a Long GRB (Imagination)
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From NASAGs HP.
Note! This imagination might be entirely wrong.



Recent Study on the Central Engine of
Long GRBs

A CoIIapsar (MacFadyen and Woosley 99, Proga et al. 03, Mizuno et al. 04,

Fujimoto et al.06, Shibata et al.06, Nagataki et al. 07, Rockefeller et al.07,
Sekiguchi and Shibata 07, Suwa et al. 07, Barkov and KomissarovO08;
Naagataki 09; Komissarov and Barkov09)

A Magnetar (Symbalisty 84, Yamada and Sawai 04, Kotake et al. 04,

Takiwaki et al. 04. 08, Thompson et al. 05, Moissenko et al. 06, Komissarov and
Barkov 07, Bucciantini et al. 07,08,09, Burrows et al. 07, Dessart et al. 08)

Requirements:

Macrophysics Microphysics

General Relativity Nuclear Reactions
Hydrodynamics (3-D, AMR) Equation of State (EOS)

Strong Magnetic Fields Neutrino Physics (3-D Transfer)

With proper initial conditions. Such a simulation has
not been done yet.



(a) Gravitational Potential Energy

MacFadyen and Woosley (1998)
Jet off Jet on

BH with 3solar mass is put at the center as an initial condition.
Rotation is introduced so that the model mimics Heger et al. (00).

, which might be realized
when effect of is included. Newtonian gravity.
Magnetic Fields are not included (c.f. Proga et al. 03).



(b) Rotation Energy of a Central BH

McKinney 05
There is no standard scenario of the explosion

mechanism on Long GRBs energy source?
Neutrino heating? and/or magnetic field? .

Full simulation (general relativistic hydrodynamics

with microphysics) has not been done.

Blandford-Znajek Process can be seen
In numerical simulations.



8§ 2: Numerical Simulations of
Collapsars/GRBs by Newtonian code
with some microphysics

Some microphysics may be important to drive the GRB jet.

Neutrino physics is one of them.

Current Status:
No GRB jet is seen at present even neutrino
pair-annihilation effect is taken into account.



Initial Condition

S.N., Takahashi, Mizuta, Takiwaki ApJ 2006

A Progenitor: Model E25 in Heger et al. (2000) that is modified
so that inner most core has collapsed to form a BH with
2.0Mo.

A 2-D Ideal MHD (r,q)=(150,30) is solved by ZEUS code.

A Initial rotation is same with MacFadyen and Woosley (1999).
A Realistic EOS (Blinnikov et al. 1996).

A Photo-disintegration (N, P, He, O, Ni).

A Newton Gravity Including self gravity; MBH =2.0Mo .

A Neutrino Cooling (Leakage scheme).



Neutrino Processes

Cooling Process

: p+e —=n-+v,
Electron and positron Capture on free nucleons . _
(Epstein and Pethick 1981) n+e —p+7v,

Pair annihilations e -+ et > V; + 171
(Itoh et al. 1999)

Plasmon decays
(Itoh et al. 1989)

Heating Process

Electron-type neutrino capture on free nucleons
(Epstein and Pethick 1981)

Neutrino pair annihilations

- - +
4 -+ Vi—é + e
(Goodman et al. 1987) May be important
(MacFadyen and Woosley 99)




Simulation with no B-Field

S.N., Takahashi, Mizuta, Takiwaki ApJ 2006
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Neutrino cooling Rate [erg/s/cc] at
t = 2.2 sec. The rate correlates with
Nucleon density.

Density contour with velocity fields,
Final time is 4.8sec.



