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Backgroundg
 Magnetic reconnection is a typical multi-

hierarchy phenomenon.
 Global dynamics of reconnection phenomena is 

properly described by MHD model.
 Microscopic kinetic process is needed to trigger 

magnetic reconnection. 

For the full understanding of 
magnetic reconnection as 
multi-hierarchy process…
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MARIS projectp j
MARIS = MAgnetic Reconnection Interlocked Simulation

 We develop multi hierarchy simulation model to We develop multi-hierarchy simulation model to 
solve both microscopic and macroscopic physics 
consistently and simultaneously. 
 Micro: particle (PIC) code
 Macro: MHD code

Exploration of

Approach from macro hierarchy

(Macro physics : MHD)
Exploration of 

magnetic 
reconnection 
phenomena

Multi-hierarchy simulation model

( interaction among hierarchies ) phenomena
Approach from micro hierarchy

(Micro physics : PIC)
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Approach from micro hierarchy
PArticle Simulation code for Magnetic reconnection in an Open system 
(PASMO)

pp y

1. Code for microscopic open system, which is designed to connect with code 
for macroscopic system.

2. Upstream boundary:  macroscopic information (T, v, B, E)  microscopic 
quantities

3. Downstream boundary: floating (free) condition
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(H Ohtani R Horiuchi W Pei et al)
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Inflow (EXB) (H. Ohtani, R. Horiuchi, W. Pei, et al)



Approach from micro hierarchypp y

Using PASMO we successfully investigate magneticUsing PASMO, we successfully investigate magnetic 
reconnection.
However…
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However…



Limitation of PIC
 But, PIC simulation can not calculate wide 

region, because PIC simulations require 
many computer resources
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Approach from macro hierarchypp y
Real-time MHD simulation system

Space Weather Forecast Solver

ACE SX-8R

Visualization Library 
(RVSLIB)

ACE SX-8R 

(RVSLIB)

Observation Data
(v ρ T B) User Terminal
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(v,ρ,T,B) User Terminal



Limitation of MHD
 It is based on phenomenological model.
 For magnetic reconnection, resistivity is 

added to MHD equations. How does q
resistivity which is a trigger of magnetic 
reconnection generate? MHD can not explainreconnection generate? MHD can not explain 
it.
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Multi-Hierarchy Simulation Modely
Macro hierarchy Micro hierarchy
The physics in the surrounding of the 
PIC code is described by MHD code, 
where ideal MHD equations are 
applicable since non ideal effects

The physics in the neighborhood 
of reconnection point is solved by 
PIC code, where microscopic 
kinetic effects play important rolesapplicable, since non-ideal effects 

leading to the generation of electric 
resistivity and viscosity are assumed 
to be generated by microphysics in 

kinetic effects play important roles. 
In this area, frozen-in condition is 
violated, thus, physics in this area 
can not be described by MHD g y p y

the vicinity of reconnection point. 

MHD d

y
code.

PIC code
MHD code
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Basic equationsq

MHD PIC
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Interconnection
 We interconnect physical quantities between 

MHD and PIC.

EB
PICPIC

B P
MHDMHD

)particles(
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)fluid(
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)particles(, jj xv)fluid(v
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From MHD to PIC
MHDMHD PICPIC
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From PIC to MHD
MHDMHD PICPIC

EB ,BE is not necessary.

)particle(, jj xv )particle(, jj xv
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Domain decomposition methodp

 Three domains
 PIC domain (micro)
 MHD domain (macro)

Interface domain Interface domain

 Interface domain is inserted between PIC and MHD 
domains. Thus, MHD and PIC domains can be smoothlydomains. Thus, MHD and PIC domains can be smoothly 
connected each other.
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Note: What is Interface domain ?

MHD PIC

L LL L

L d Interface domain (width 2d)( )

d
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Shake-hand scheme
 Physical quantity Q in the Interface domain is 

calculated by each PIC and MHD code. 
 Calculated by PIC: QPIC

 Calculated by MHD： QMHD

 Q in the Interface domain is defined asQ

  PICMHDinterface 1 QaaQQ   zyxaa

near MHD a→1

  PICMHDinterface 1 QaaQQ   zyxaa ,,
T.Sugiyama and K.Kusanonear MHD a→1

near PIC a→0
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Problem divB=0
 Before

  PICMHDinterface 1 BBB aa 

0interface B T. Sugiyama: private communication 2008

 After（connection of vector potential）

 AAA   PICMHDinterface 1 AAA aa 

0 B 0interface B
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Particle velocity distributiony
 The degree of freedom in MHD：8
 The degree of freedom in PIC：nearly infinity

Maxwellian distribution is assumed

PIC:n=18,vT=0.3
1. All particles are removed.

PIC:n 18,vT 0.3

MHD:n=10,vT=0.1

Interface:
n=14, vT=0.2 

2. New density n and thermal velocity 
vT are decided.

3 New particles are distributed3. New particles are distributed. 
(Position: random, Velocity: Maxwellian)

Every step, this sequence is done.
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Every step, this sequence is done.



How does time advance ?
multi-time-step method

MHD time step t1t0 t2
t (MHD)t (MHD)

t (PIC)

…

PIC time step

t (PIC)
time-average time-average

Large time steps are for MHD, and small ones are for PIC. 
From t1 to t2, PIC receives interpolated data at t1 and at t21 2, p 1 2
from MHD. On the other hand, PIC data averaged over 
several steps around t1 is sent to MHD at t1.
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Simulation box for Alfvén wave
periodic boundary

x
k

MHD PIC
k

MHD

y

x

z

Interface domain

y

Interface domainBy0

Boundary conditionsBoundary conditions
x, z: periodic
y: free

The external magnetic 
field is uniform.

21

y



Alfvén wave

Interface domainsInterface domains

MHD domains

vx

MHD domains

PIC domain
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Final Goal
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Summaryy
 Multi-Hierarchy Simulation Model

 Space: domain decomposition method Space: domain decomposition method
 MHD domain (Macro) 
 PIC domain (Micro)
 Interface domain

 Time: multi-time-step method
P lti hi h d l Progress our multi-hierarchy model 
 Alfvén wave smoothly propagates in our multi-hierarchy 

modelmodel.
 Plasma flow injects from MHD to PIC domains without 

large unphysical phenomena.
 In the near future, we will examine 2D flow injection in anti-

parallel B configuration, and then perform multi-hierarchy 
simulation of magnetic reconnection.
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