
Fluctuations of velocity, scalar, and magnetic fields
in the NS and MHD turbulence become stronger with
decrease of spacial scale. The moments of scalar incre-
ment with the separation distance r are believed to obey
a power law Sn(r) = ⟨[θ(x+ r)− θ(x)]n⟩ ∝ rζn and the
scaling exponent ζn to be universal. However, recent
studies for the passive scalar suggest that the universal-
ity of the scaling exponent of the passive scalar in tur-
bulence is not as robust or universal as in the case of the
velocity.

We have conducted very large scale direct numerical
simulations of two passive scalars which was convected by
the same turbulent velocity and excited by two different
ways. Scalar θ is excited by the Gaussian random source
which is white in time and applied at low wavenum-
bers and scalar q by the uniform mean scalar gradient
dQ̄/dz = Γ . We found the remarkable facts that the
local scaling exponents ζαn (r) = d logSα

n (r)/d log r (α =
θ, q) are not universal and ζθn(r) has the logarithmic cor-
rection as ζθn(r) = ξθn + βn log(r/r∗)

1)．
To explore the reason for the difference in the local

scaling exponents, we have made the large scale numer-
ical simulations for two passive scalars

∂θ/∂t+ u · ∇θ = κ∇2θ + fθ,

∂q/∂t+ u · ∇q = κ∇2q + fq.

for whichN = 20483, Rλ ≈ 500. But, the scalar injection
methods were modified in such a way that fθ obeyed the
Ornstein-Uhlenbeck process instead of the white in time
nature and the range of wavenumbers of fq was restricted
to the same low wavenumbers as that of the fθ, that is,

⟨fθ(k, t)fθ(−k, s)⟩ = CH(3− k)δ(t− s)

−→ CH(3− k)e−u0k|t−s|,

⟨fq(k, t)fq(−k, s)⟩ = Γ 2⟨u3(k, t)u3(−k, s)⟩
−→ Γ 2H(3− k)⟨u3(k, t)u3(−k, s)⟩.

where H(t) is the Heaviside function. The results are
shown in Fig.1. When the time correlation of the random
scalar source is finite, the slope of ζθn(r) becomes smaller.
On the other hand, it is found from Fig.2 that the plateau
regions of ζqn(r) disappear. This finding means that the
difference in the local scaling exponents arises from the
difference in the wavenumber range of the excitation. For
fq(k, t) without the filter, the scalar fluctuations are ex-
cited at all wavenumebrs directly by u3(k, t), so that the
scalar fluctuations of q is in essence equivalent to those of
u3. On the other hand, it is not known why ζθn(r) has the
logarithmic correction, which certainly needs new theory
of turbulence.
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Fig. 1: Comparison of local scaling exponents ζθn0(r)
for the delta correlated injection (top) and for the finite
time correlation (bottom) for n = 2, 4, 6, 8, 10.
　

0

1

2

3

4

 10  100  1000

ζq n
,0

r/ η-

0

1

2

3

4

 10  100  1000

ζq n
,0

r/ η-

Fig. 2: Comparison of local scaling exponents ζqn0(r) for
unfiltered injection (top) and for filtered injection (bot-
tom) for n = 2, 4, 6, 8, 10.
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We study the effective resistivity model in macro-

scale. Moritaka and Horiuchi [1] obtained the anomalous 

resistivity model induced in the instability during the wave-

particle interaction by using two dimensional particle in cell 

(PIC) simulation. When applying their model to MHD 

framework, we derive that the additional coefficients are 

needed to use this model in as follows 
 
 
 
where the coefficient a evolves from 0.02 to 0.1, the index 
MHD means the variables in MHD, 0 does in normalization, 
di is the ion inertial length, L is the radius of the Earth and 
Bo is a magnetic field at ion larmor radius scale distant from 
the current sheet. The variable          is the density in 
neutral sheet and evolves and varies in space according to 
MHD equations.  We carry out substorm simulation using 
a global MHD code [2] with the effective resistivity model 
given in Eq. (1). Magnetic reconnection during substorm  

 
    Fig. 1. Snapshot when magnetic reconnection occurred. 
    Color contour and lines display plasma pressure and  
    magnetic field.   

    Fig. 2. Time evolution of velocity in the Sun-Earth  
    direction. A white circle shows region of move  
    of magnetic reconnection points.  
 
could be reproduced as shown in Figs. 1 and 2, however, 
dependence of a was not found. We think this result is due 
to insufficient resolution of our global simulation, and 
continue studying this issue. 

      We extended Usami's MHD domain to a 

hierarchical mesh [3] that is controlled by Adaptive Mesh 

Refinement (AMR) technique (Ogawa et al. 2014[4]), 

aiming to connect the local PIC calculation with a global 

MHD simulation. In this study, we input external data that 

are derived from a global simulation of Earth's 

magnetosphere to our simulation. The input data decides the 

initial condition and the boundary condition. It leads to 

magnetic reconnection in the PIC domain. We present 

results in Fig. 3. The plots show density, pressure and v-

component of velocity on the line of x=64, z=0.5 (upper) 

and the color contours display distributions of density 

(lower) on the plane of z=0.5 at t=20 (left) and t=99 (right). 

At t=20, density and pressure have some fluctuations, as 

flow toward the center region. Then the inflow meet in the 

centered PIC domain. Distribution of density and y-

component of magnetic field at t=99 show indication of 

magnetic reconnection beginning. PIC noise can be seen in 

the PIC domain. It is well suppressed in the interface 

domain. 

 
Fig. 3. Snapshots of multi-scale simulation of flux 
inflows using the connected PIC, uniform grid MHD 
and AMR-MHD models.  
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