
Detached plasma is a method of reducing the heat load 
to the divertor plate of fusion devices. Most of the 
theoretical and numerical works deal only with steady state. 
Combination of plasma kinetic physics and atomic 
processes such as line radiation, ionization, charge-
exchange collision and recombination might play important 
roles in the detachment plasma behavior. 

In order to investigate dynamical kinetic behavior of 
the detached plasma, which is caused by gas puffing to 
achieve the reduction of divertor heat load, we are 
developing a high-performance one spatial dimension and 
three velocity space (1D3V) Particle-in-Cell(PIC)
simulation with the Monte Carlo collisions, where spatial 
and velocity space distributions of charged particles, self-
consistent electric field created by charged particles, the 
Coulomb binary collision and atomic processes such as 
ionization and charge exchange are included. 

In Fig. 1, schematic of simulation model is presented. 
While plasma source region is placed in the right hand side,
plasma absorbing plate corresponding to the divertor is 
placed in the left hand side boundary. Neutral gas is 
assumed to be supplied in the gas box placed in the left hand 
side of the system and atomic processes take place there. 
The external magnetic field with 1Tesla is pointing into the 
negative x-direction.

Simulation parameters used in this work are as follows: 
The system size is 0.2m. The ion to electron mass ratio is 
1836. The ion and electron source temperature is 10eV. The 
neutral gas temperature is 0.026eV, which is the room 
temperature. 

Initially, the ion and electron pair are injected with
constant rate in time. However, in order to keep the fixed 
upstream density, when nu is greater than 3x1018 m-3, no
particles are injected to the system and the particles in the 
source region are heated. 

Fig. 1. Simulation model for detached plasma simulation. 

In our simulation, the system size and the plasma 
density are much smaller than those of the detached plasma 
experiment1); thus we employ a hundred times amplified 
Coulomb collision frequency. 

The ion and electron temperature profiles with the 
neutral gas pressure 0mTorr(top), 1mTorr(middle) and 
10mTorr(bottom) are shown in Fig. 2.  In the case with 
10mTorr, strong temperature gradient is observed in the gas 
box2). Ions lose their energy due to elastic and charge 
exchange collision with neutral particles. The transfer of the 
electron kinetic energy to the ion kinetic energy is mainly 
caused by the Coulomb collision3).

Fig. 2. Spatial profiles of ion and electron temperature. 
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     We have adapted the Edge Monte Carlo 3D (EMC3) - 
Eirene code1) for modeling of a linear divertor plasma 
simulator in order to demonstrate plasma-wall interactions 
with three-dimensional (3D) effects. 3D distributions of 
hydrogen plasma and neutrals can be successfully calculated 
for four different types of target plates: a V-shaped target, 
inclined targets with open and closed structures, and a 
planer target2). 
     Figure 1 shows the calculated results with the V-
shaped target plate. The plotted parameters are the electron 
temperature , the electron density , and H atom 
density in the 3D space. From the 3D view, it is found that 
the H distributions in the horizontal and vertical directions 
are different from each other. 
 
 
 
  
  
  
  
  
  Fig. 1. Vertical distributions of calculated parameters 
with the V-shaped target plate at . (a) Electron 
temperature , (b) electron density . (c) H atom 
density in the 3D space. 
  
     Figure 2 shows the distributions of the H atom and H2 
molecule densities near the four different target plates 
( ). With the planar target plate [Figs. 2(g) and 
(h)], distributions of the H atom and H2 molecule densities 
are similar, and their distributions are close to the inverse-
square law. On the other hand, in the V-shaped target shown 
in Figs. 2(a) and (b), H atoms and H2 molecules are strongly 
accumulated at the bottom of the V-shaped structure in 
comparison to the planer target case. For the inclined target 
plates with open and closed structures, distributions of the H 
atom density shown in Figs. 2(c) and (e) are almost the 
same, but distributions of the H2 molecule density are quite 
different, as shown in Figs. 2(d) and (f). It is found that the 
closed target structure has more of an influence on the H2 
molecule density profile than on the H atom density profile.  
     Considering the target shape and the orientation of the 
target plate to the plasma, the H2 molecules released from 
the inclined target plate without the closed baffle plate cross 
the plasma obliquely and therefore escape from the plasma 
more easily than from the planar target and the V-shaped 
target. From a geometrical point of view, the ability of 
neutral particles to escape from the plasma without 

ionization increases in the following order: the inclined 
target plate (closed structure) [Fig. 2(d)], the V-shaped 
target plate [Fig. 2(b)], the planar target plate [Fig. 2(h)], 
and the inclined target plate (open structure) [Fig. 2(f)]. As a 
result, the peak density of H2 molecules decreases in the 
same order. The H atom distribution has a more complicated 
dependence on the geometries. The different peak positions 
of H2 molecules and the electron density lead to a weak but 
broad source region of H atoms around  because H 
atoms are created from dissociation processes of H2 
molecules [see Figs. 2(c) and (e)]. On the other hand, the 
peak positions of H atoms and H2 molecules in the V-
shaped target and planar target coincide with each other, and 
therefore H atoms have a large localized source and a large 
density peak in the same position as the H2 molecules. As 
mentioned before, the H atom and H2 molecule densities 
increase more notably near the V-shaped target plate as 
compared to other target plates.  
     The enhanced H atom and H2 molecule densities in 
the V-shaped target plate lead to a lower electron 
temperature and higher electron density than the planar 
target plate. These simulation results suggest that a V-
shaped target plate contributes to plasma detachment more 
effectively, which is being demonstrated in the GAMMA 
10/PDX3). 
     In the next step, modeling of detached plasma in 
linear divertor plasma simulators with 3D target structures 
will be made by taking into account gas puffing (H2, D2, He, 
impurities), pumping, volume recombination (electron-ion 
recombination and molecular-assisted recombination) to 
simulate detached plasma experiments conducted in 
NAGDIS-II and GAMMA 10/PDX. 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 2. Distributions of the H atom and H2 molecule 
densities near (a, b) V-shaped target plate, (c, d) 
inclined target plate (closed structure), (e, f) inclined 
target plate (open structure), and (g, h) planar target 
plate on the vertical plate ( ). 
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