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Abstract

Numerics and Results

We model an accreting torus [2], that formed around
the newly born black hole in the engine of a gamma-ray
burst. We study the general relativistic, MHD models
and we self-consistently incorporate the nuclear equation of state. It accounts for the degeneracy of relativistic electrons, protons, and neutrons, and is used in the
dynamical simulation, instead of a standard polytropiclaw. The EOS provides the conditions for the nuclear
pressure in the function of density and temperature,
which evolve with time according to the conservative
MHD scheme. We estimate the rate of transfer of the
black hole rotational energy to the bipolar jets, and we
compute the nucleosynthesis of heavy elements in the
accretion flow and the wind, through the thermonuclear reaction network. Detailed modeling of GRB engine, together with its microphysics, may be a valuable
tool to constrain the black hole mass and spin, complementary to the gravitational wave analysis, if the waves
are detected with an electromagnetic counterpart.

Computations are based on the axisymmetric, general
relativistic MHD code HARM-2D [3,6]. It uses a conservative, shock-capturing scheme, and provides solver
for the continuity and energy-momentum conservation
equations, assuming a force-free approximation. Here
we use our own version of this code, which we supplemented with the numerical routines to compute the
equation of state and rate of cooling by neutrinos [4,5].
The tabulated nuclear EOS is incorporated into the
MHD scheme, with pressure determined as a function
of density and temperature. The scheme solves for the
inversion between the so called ’primitive’ and ’conserved’ variables at every time-step [5], where the Jacobian is computed numerically, and the conserved variables are evolved in time. Our version of this code was
parallelized using the MPI technique, for the hydroevolution, and the shared memory hyper-threading for
the EOS-table interpolation.
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The neutrino cooling processes adopted in our computations are the reactions of electron and positron capture on nucleons, the electron-positron pair anihillation, nucleon bremsstrahlung and plasmon decay.
In addition, the neutrinos
The capture reactions are: are produced in the following reactions:
−
p + e → n + νe
p + ν̄e → n + e

+

e− + e+ → νi + ν̄i

(2)

−

p + e + ν̄e → n
+

n + e → p + ν̄e

n+n → n+n+νi + ν̄i (3)
γ̃ → νe + ν̄e .

−

n → p + e + ν̄e

We calculate their rates
n + νe → p + e ,
(1)
numerically, with proper
and their reaction rates are integrals over the distrigiven by appropriate inte- bution function of relativistic, partially degenergrals [4,6].
ate species.
Finally, the total neutrino cooling rate is given by the
two-stream approximation [1], and it includes the scattering and absorptive optical depths for neutrinos of
the three flavors:
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distribution of the heavy elements synthesized in the accreting
torus. The black hole spin in the simulation was a = 0.9 (blue
line), and a = 0.6 (red lines), at two time snapshots.

The

figures on the right, show the distributions of electron fraction,
and gas to magnetic pressure ratio, at time t = 2000M .
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The left Figure above shows the volume integrated abundance
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