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Abstract. The efficiency of the energy conversion rate in the relativistic magnetic reconnection
is investigated by means of Relativistic Resistive Magnetohydrodynamic (R2MHD) simulations.
We confirmed that the simple Sweet-Parker type magnetic reconnection is a slow process for
the energy conversion as theoretically predicted by Lyubarsky (2005). After the Sweet-Parker
regime, we found a growth of the secondary tearing instability in the elongated current sheet.
Then the energy conversion rate and the outflow velocity of reconnection jet increase rapidly.
Such a rapid energy conversion would explain the time variations observed in many astrophysical
flaring events.

To construct a more realistic model of relativistic reconnection, we extend our R2MHD code
to R3MHD code by including the radiation effects (Relativistic Resistive Radiation Magneto-
hydrodynamics R3MHD). The radiation field is described by the 0th and 1st moments of the
radiation intensity (Farris et al. 2008, Shibata et al. 2011). The code has already passed some
one-dimensional and multi-dimensional numerical problems. We demonstrate the first results of
magnetic reconnection in the radiation dominated current sheet.
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1. Introduction
Magnetic reconnection is one of the most important subjects in the studies of space,

laboratory, and astrophysical plasmas. Recently, it has been recognized that the mag-
netic reconnection plays an essential role for energy conversion in astronomical com-
pact objects, such as neutron stars (Kennel & Coroniti 1984), soft gamma-ray repeaters
(Masada et al. 2010), and gamma-ray bursts (Drenkhahn 2002, McKinney & Uzdensky
2010, Zhang & Yan 2011). However, there are a few theoretical and numerical stud-
ies on the relativistic magnetic reconnection (Lyutikov & Uzdensky 2003, Watanabe &
Yokoyama 2006, Zenitani et al. 2010, Zanotti & Dumbser 2011).

We performed 2-dimensional Relativistic Resistive Magnetohydrodynamic (R2MHD)
simulations to study the energy conversion in the magnetic reconnection. Then, we de-
veloped the Relativistic Resistive Radiation Magnetohydrodynamic (R3MHD) code to
study the radiation effects. In this paper, we show the first results of the R3MHD simu-
lation.

2. Results
We first perform R2MHD simulations of the magnetic reconnection with a uniform

resistivity model. Then, Sweet-Parker type magnetic reconnection is realized in the rel-
ativistic plasma. In this case, most of the magnetic energy is converted into the thermal
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Figure 1. First numerical results of R3MHD simulation on the Petschek type magnetic recon-
nection. Color and arrows show the radiation energy density and flux in the observer frame,
while the curves show the magnetic field lines.

energy by the Ohmic dissipation, resulting in the formation of a hot (kB T > mc2) out-
flow. Since the excess of the thermal energy leads to increasing the plasma inertia, the
outflow speed is only mildly relativistic (Lorentz factor ∼ 1). The reconnection rate
strongly depends on the magnetic Reynolds number RM as � R−0.5

M , as well as that in
the non-relativistic magnetic reconnection (Komissarov 2005, Takahashi et al. 2011).

When the localized resistivity model is adopted, the Petschek type magnetic reconnec-
tion is realized in the relativistic plasma (Watanabe & Yokoyama 2006, Zenitani et al.
2010, Zanotti & Dumbser 2011). Figure 1 shows the first results of R3MHD simulation
on the relativistic magnetic reconnection. We found that the radiation energy density is
enhanced inside the reconnection outflow in our model.
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