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1. Relativistic Turbulent Reconnection

Poynting Dominated(σ = 5) matter dominated(σ =0.04)

• kB T/mc2 = 1	


• driven turbulence  
     injected around central region 
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2. Lundquist Number Dependence
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FIG. 2. Observed reconnection rate in its steady state.
Top: Reconnection rate with respect to the injected turbu-
lent velocity. Bottom: Reconnection rate with respect to the
Lundquist number: S ≡ LcA/η.

the Lundquist number, and determined by the turbulent
strength. Note that the obtained maximum reconnection
rate is very fast, vin/cA ∼ 0.05, and even comparable to
the Petschek reconnection rate [23, 24].

IV. THEORETICAL EXPLANATION

The obtained reconnection rate in Figure 2 shows an
interesting behavior owing to compressibility which can-
not be explained by incompressible theory, Equation (2).
In the following, we give an explanation for the satu-
ration and depression of the reconnection rate in high
turbulence Alfvén Mach number regime. Equation (1)
indicates the compressible effects can be divided into 2
parts: (1) the density ratio between sheet and inflow re-
gion ρs/ρin; (2) decrease of the sheet width δ/L by an
effect of the compressible MHD turbulence. Note that
δ is the actual sheet thickness determined by the turbu-
lence which is different from the initial thickness λ.

We begin with discussing the density ratio. Figures 3
are the plots of ρs/ρin with respect to the injected tur-
bulence velocity in the matter and Poynting dominated
cases σ = 0.04 and 5, respectively. They show that
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FIG. 3. The density ratio between that of inflow and sheet
region: ρs/ρin. The ratio decreases with increasing the turbu-
lent strength due to the compressible effect. Top: Poynting
dominated case: σ = 5. Bottom: Matter dominated case:
σ = 0.04.

the density ratio decreases linearly with the turbulent
strength. This can be understood from the conservation
of energy flux:

ρinc2 (1 + σ) vinL+ρin(1+2σ)ϵinjlxlz =
(

ρshsc
2γ2

s +
B2

s

4π

)
vsδ,

(4)
where we assumed a cold upstream plasma with non-
relativistic inflow, for simplisity. Note that the 2nd term
in left-hand side of the equation expresses kinetic and
electric field energy of the injected turbulence ; The
turbulent components in the sheet is assumed negligi-
ble comparing with the other terms. Using the pressure
balance: ps = B2

in/8πγ2
in, the steady state condition:

cEy = Binvin = Bsvs, and the equation of continuity,
Equation (1), this equation reduces to:

(1 + σ)ρsγsvsδ + ρin(1 + 2σ)ϵinjlxlz

=

[
2ρinσγ2

s +
B2

in

v2
s

(
δ

L

ρs

ρin
γsvs

)2
]

vsδ. (5)

Neglecting a small term proportional to (δ/L)2 ≪ 1, we
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3.  Too Strong Turbulence Effects
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The result is provided in the poster!!
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