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Three-dimensional Simulation Study of Compact Toroid Plasmoid Injection
into Magnetized Plasmas

Y. SUZUKI !, T-H. WATANABE, T. SATQ, T. HAYASHI
Theory and Computer Simulation Center, National Institute for Fusion Science, Toki, Gifu, 509-5292, Japan

ABSTRACT. Three-dimensional dynamics of a compact toroid (CT) plasmoid, which is injected into a magnetized
target plasma region is investigated by using magnetohydrodynamic (MHD) numerical simulations. It is found that
the process of the CT penetration into this region is much more complicated than what has been analyzed so far by
using 2 conducting sphere (CS) model. The injected CT suffers from a tilting instability, which grows with the similar
time scale as the CT penetration. The instabllity is accompanied by magnetic reconnection between the CT magnetic
field and the target magnetic field, which disrupts the magnetic configuration of the CT. Magnetic reconnection plays
a role to supply the high density plasma initially confined in the CT magnetic field into the target region. Also, the
penetration depth of the CT high density plasma is examined. It is shown to be shorter than that estimated from the
(8 model. The CT high density plasma is decelerated mainly by the Lorentz force of the target magnetic field, which
includes not only the magnetic pressure force but alsc the magnetic tension force. Furthermore, by comparing the
CT plasmoid injection with the bare plasmoid injection, magnetic reconnection is considered to relax the magnetic
tension force, that is the deceleration of the CT plasmoid.
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1 Introduction

Aiming at steady state operation of a fusion reactor,
several fueling schemes have been developed. The com-
pact toroid (CT) plasmoid injection has been considered
as one of advanced methods for deep fueling, since the
injection velocity of fuel by this scheme is much higher
than that by any other schemes. So far, the CT injec-
tion method has been discussed in several experiments
[1,2,3,4,5, 6] and theoretical models {7, 8, 9]. In these
studies the penetration depth of the CT has been ana-
lyzed mainly by using a conducting sphere (CS) model:
In this model, the penetration depth is estimated from
that of an incompressible. perfectly conducting sphere
mjected Into a vacunm region in which the magnetic
field increases along the injection direction [4]. Thus,
the mjected CS is decelerated by the magnetic pressure
force. In other words, the CS can penetrate until the
initial C8 kinetic energy is exceeded by the magnetic
energy required to exclude the magnetic field from the
CS volume:

1 0 1 o
2PVU>QHOB v. (1)
where p, V, v, and B is the CS density, the CS injection
velocity, the CS volume, and the strength of the target
magnetic field at the point where the CS is penetrat-
ing. respectively. In TdeV experiments [2, 3], fueling
by the CT injection is accomplished without any ad-
verse perturbation to the tokamak discharge. Also, the
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penetration depth of the CT is 0.6 times as long as the
minor radius of TdeV and 1s well agreement with that
estimated from the CS model. However, the size of the
CT is 0.12 — 0.30cm, which ts the similar scale as the
minor radius of TdeV, that is 0.27cm. It means that
deep fueling to reactor grade devices has not been well
understood. Also, the dynamics of the injected CT has
not been well observed. Qur main objective is to un-
derstand the dynamics of the injected CT as well as the
possibility of deep fueling to reactor grade devices. To
achieve this, we investigate three-dimensional dynamics
of a CT which is accelerated in the injection region and
is injected into the target plasma by using magnetohy-
drodynamic (MHD) numerical simulations.

2 Simulation Model

The simulation model is the same as that in our previous
papers [10, 11]. In the simulation, we use cylindrical co-
ordinates (r, #, z). The simulation region is composed
of two cylinders which connect with each other (Fig-
ure 1}. One with a smaller radius L, corresponds to the
injection region and the other with a larger radius 4L,
corresponds to the target region. The injection region
and the target region correspond to a CT guu region
and a part of a fusion device, respectively. Lengths of
these cylinders are both L,/2. The relative lengths of
the sizes are given by L, : L, = 1 : 16. We employ a
perfectly conducting wall for the boundary condition.

The governing equations are given by MHD equa-
tions:

dp
L=V (v, @
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These equations have a non-dimensional form, in which
the density, the magnetic field, the velocity, the length,
and the time are normalized by one-tenth of the maxi-
mum CT density po(= 0.1pcr), the maximum strength
of the CT magnetic field Bo(= Bcr), the characteristic
Alfvén velocity Va(= Bo/+/Bopc), the scale of the cylin-
der radius L., and the Alfvén transit time 74(= L. /Va),
respectively. The resistivity 5, the viscosity v, and the
conductivity & are fixed to 1.0 x 1073 in the normalized
unit poL,Va, poLl,Va, and kpgL. V4, respectively.

The initial magnetic configuration is calculated as
follows: The toroidal current Jg of a cylindrical sphero-
mak solution [12] whose radius and length are respec-
tively L, and 2L, is located in the injection region. Its
center is (r,z) = (0,6L,). From Jy, the toroidal compo-
nent of the vector potential Ay, and thus the magnefic
field is caleulated. Furthermore, the current free tar-
get magnetic field Biargee, Whose strength is an almost
uniform and direction is perpendicular to the injection
direction is superposed. The CT toroidal magnetic field,
the CT poloidal magnetic field, and the target magnetic
field are respectively directed as shown in figure 1. The
density profile is given by the function of the CT poloidal
flux tpa = rAg,
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where 1., is the poloidal flux on the CT magnetic
axis. The target plasma density prarge: is assumed to be
one percent of the peak CT plasma density pcr. The
pressure is initially uniform (Peom = Prarget = FoT)-
The CT is injected into the target region after acceler-
ation up to the maximum velocity Vo at § = i
2L, /Ver. Until this time, the acceleration term, facc

apd [%VCT{I - cos(%ﬁ-t)}] is added to the z compo-

nent of the equation of motion. « is given as follows:

P = Prarget + (pcT — Prarget ) (10)

a=1 forp>p;
{20 fmnen )

where pc = prarger + 0.2(PCT — Prarger)- Namely, the ac-
celeration is done for p > p. (hereafter, we call it the

CT regron).

We carry out four simulation runs as shown in Ta-
ble 1. The explicit finite difference method with second-
order accuracy and the Runge-Kutta-Gill method are
used to solve the basic equations numerically. Also,
the smoothing is applied to the density, the pressure,
and the momentum, when the density or the pressure
at any point are respectively lower than two percent of
the target plasma density or the target plasma pressure
(p < 0.02prarger or P < 0.02Piarger). The smoothing
function is f; = Cf; + (1 — O){fic1 + fi41)/2, where
C = 0.9 and is employed in 7, 4, and z directions. In the
case 1 and the case 3, the smoothing does not work be-
cause the density and the pressure are not less than each
threshold. In the case 2 and the case 4, the smoothing
works under above situation. Even so, the smoothing
would not change the simulation results so much, be-
cause the total energy in the simulation region is almest
conserved. The difference between the total energy and
the sum of the input and output energy is up to about

3%.

3 Simulation Results

3.1 Three-dimensional Dynamics of In-
jected CT

Figure 2 shows the spatial structure of the magnetic
flux and the density profile in the case 1 (Biagger = 0)
at £ = 0,20,40, and 6074. The CT initially put in the
injection region ({ = 0r4) penetrates into the target
region {f = 20 and 4074) and reaches the opposite wall
by t = 6074. Through this process, the high density
plasma is well confined in the magnetic flux.

Figure 3 shows the spatial structure of magnetic field
lines and the high density plasma in the case 2 (DBrarger =
0.1) at ¢ = 0,20,40, and 6074. At ¢ = 2074, the high
density plasma confined in the CT magnetic field pen-
etrates into the target region. While at { = 40 and
6074, the high density plasma continues to penetrate
there, the magnetic configuration of the CT is almost
disrupted. In this process, the injected CT suffers from
a tilting instability. Figure 4 shows density contours
viewed from the same direction. Initially the density
profile is symmetric. At ¢ = 2074, however, the CT
plasma tilts to align its magnetic moment with the di-
rection of the target magnetic field [13, 14]. At £ =40
and 6074, its angle reaches almost 90 degree. The tilt-
ing instability is accompanied by magnetic reconnection
between the CT magnetic field and the target mag-
netic field. Figure 5 shows the magnetic structure at
t = 2074 viewed from several directions. While the CT
excludes some target magnetic field lines expected by
the CS model, other magnetic field lines in front of the



CT are reconnected with CT magnetic field lines. Mag-
netic reconnection plays a role to supply the high density
plasma which 1s mitially confined in the CT magnetic
field into the target region.

Next, we examune the penetration depth of the CT
high density plasma, which is defined by,

LP;](L’)dt—Lz/Q. (V)=

In figure 6 the time evolution of penetration depths in
the case 1 and the case 2 is shown. Until about § = 774,
the CT high density plasma in these cases is accelerated
in she injection region. After that, it has entered the tar-
get region untll about { = 1374, and then it penetrates
with time. However, after it has entered, the penetra-
tion depth in the case 2 becomes gradually shorter than
that in the case 1.

3.2 Deceleration Mechanism of CT
3.2.1 Null Target Magnetic Field Case

Before discussing the difference of the penetration depth
between the case 1 (Brarger = 0) and the case 2 (Brarger =
0.1), we compare the penetration depth in the case 1
with that of the CS calculated by using the same pa-
rameters as the simulation. In figure 6, the penetration
depth of the CS with null target magnetic field is also
plotted. It is obvious that after stopping the accelera-
tion {t > iog) the CS penetrates with no deceleration.
On the other hand, the penetration depth in the case 1
becomes shorter than that of the CS. It is considered
that in the simulation the target region as well as the
injection region is filled with the plasma, which causes
the deceleration of the CT. Nevertheless, to understand
1t in detail. the time evolution of the CT kinetic energy
and its energy conversion is examined.

Figure 7 shows the time evolution of the CT kmetic
energy and the CS kinetic energy. Until about ¢ = 674,
the CT kinetic energy well coincides with the CS kinetic
energy. After that, however, it becomes smaller with
time. Figure 8 shows the schematic diagram of energy
conversion processes between the kinetic, the magnetic,
and the thermal energy, which are divided into the CT
region (p > p.) and the background region {p < pc).
From the MID equations (2} to {9) we use, the energy
conversion rates between each energy are easily derived
as follows [15]:
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Ex is the rate of the input kinetic energy, which is
given by,

g7 = [ V; facedv (23)
and corresponds to the acceleration of the CT. U™

is the rate of the output thermal energy, which is given
by,

. 1
Egutput = ] - IKVT -ds | (24)

where the notation s means the boundary surface of
the system, and the vector s orients to the outward
and normal direction on the boundary. The conversion
rates £)_ ., £5_.., Ek—m, and £y, which respectively
represent the viscous heating, the compressional heat-
ing, the Lorentz force effect, and the Joule heating, are
also divided io the CT region {p > p.) and the back-
ground region (p < p.). The conversion rates £C1 —~back
gCT—back " and ¢CT—back shown in figure 8 correspond
to the outflow of each energy from the CT region to
the background region. Thus, there exist four energy
conversion processes for the CT kinetic energy: the com-
pressional heating, the viscous heating, the Lorentz force
effect, and the outflow to the background region. Fig-
ure 9 shows the time history of these conversion rates.
We can see that the CT kinetic energy is converted
mainly by the compressional heating. The peak at { =
774 in this process is caused by the acceleration of the
CT. The small peak at ¢t = 1374 corresponds to the en-
trance of the CT into the target region. (The peak at
t = 487, is caused by the arrival of the CT to the op-
posite wall.) Also, the CT kinetic energy is partly con-
verted by the outflow to the background region. Since
in the acceleration process the kinetic energy flows into
the CT region. its conversion rate becoines negative be-
tween about ¢ = 374 and 5r4. However, after that, the
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kinetic energy flows from the CT region to the back-
ground region. The energy conversion by the Lorentz
force effect is small but converts the CT kinetic energy
to the CT magnetic energy. It is because the force free
equilibrium of the CT magnetic configuration is modu-
lated when the CT penetrates with the high velocity,

We can see that the compressional heating is the
dominant process to decelerate the CT which is injected
into the target region with null magnetic field. How-
ever, it depends on the plasma pressure P.om, which
is inttially assumed to be constant both in the injec-
tion region and the target region. For higher Feop, the
compressional heating becomes more effective [11]. It
suggests that the injection velocity of the CT must be
faster to penetrate into the higher temperature plasma
region.

3.2.2 Case with Target Magnetic Field

The CS model predicts that when there exists the tar-
get magnetic field, the injected CS is decelerated by the
magnetic pressure force, which leads $o the shorter pen-
etration depth than in the null target magnetic field
case. In figure 6 the penetration depth of the CS with
Biarge: = 0.1 is also plotted. Since the strength of the
target magnetic field is not so large, the difference of
the penetration depth between cases with and withoui
the target magnetic field is small. In figure 10 such dif-
ferences both in the CS model and the simulation are
plotted. From this figure, we can see that the differ-
ence in the simulation is larger than in the CS model.
It means that the CT injected into the magnetized tar-
get plasma is more decelerated than predicted by the
CS model. Therefore, in order to consider why such a
deceleration is cansed, we examine the time evolution of
the CT kinetic energy and its energy conversion in the
case 2 as in the previous section.

In figure 7, the time evolution of the CS kinetic en-
ergy and CT kinetic energy with Biarger = 0.1 is also
plotted. Since the injected CS suffers from the deceler-
ation only when it enters the target region, after it has
entered the CS kinetic energy keeps a constant value.
On the other hand, the CT kinetic energy in the case 2
becomes smaller with time than in the case 1. In fig-
ure 11, the difference of the CT kinetic energy between
the case 1 and the case 2 is plotted by a solid line
and that of the CS kinetic energy between cases with
Biarger = 0 and with Biarger = 0.1 1s plotted by a bro-
ken line. Until the CT has entered in the target region
(about £ = 1374), the decrease in the simulation is sim-
ilar to that in the CS model. After that, however, it
becomes larger. Figure 12 shows the difference of the en-
ergy converslon rates between the case 1 and the case 2.
We can see that the compressional heating is dominant

and continues to convert the CT kinetic energy through
the penetration process. As a result, the decrease of the
CT kinetic energy which is due to the existence of the
target magnetic field is larger than that estimated from
the CS model.

Figure 13 shows the resultant energy difference and
the converted energy between £ = 774 and t = 4074 by
subtracting those in the case 1 from in the case 2. We
can see that firstly the CT kinetic energy is converted
to the CT thermal energy through the compressional
heating, secondary the CT thermal energy flows into
the background region, thirdly the background thermal
energy is converted to the background kinetic energy
through the compressional heating, and finally the ki-
netic energy is converted to the magnetic energy by the
Lorentz force effect in the background region. Since the
background magnetic energy corresponds to the mag-
netic energy of the target magnetic field, the CT kinetic
energy s finally converted to the magnetic energy of the
target magnetic field. Therefore, the CT is successively
decelerated by the Lorentz force of the target magnetic
field through the compressibility of plasma, by which the
CT penetration depth becomes shorter than estimated
from the CS model.

3.2.3 Null CT Magnetic Field Case

It is considered that in real experiments the CT mag-
netic field is essential to accelerate the CT plasmoid in
the gun region and also to preveni its diffusion. How-
ever, in order to examine the Lorentz force effect in de-
tail, we carry out the simulation where a bare plasmoid
with nult CT magnetic field is injected into the target
region, Figure 14 shows the color contour of the den-
sity profile in the case 3 (Bect = 0, Biarger = 0). In
this case, simulation parameters are the same as those
in the case 1 except the strength of the CT magnetic
field. We can see that the high density plasma can pen-
etrate into the target region and reaches the opposite
wall by t = 4074. Figure 15 shows the spatial structure
of magnetic field lines and the high density plasma in the
case 4 (Ber = 0, Biarger = 0.1). In this case, also, the
high density plasma penetrates into the target region.
These results are similar to those with the CT mag-
netic field, In figure 10, the difference of the peneira-
tion depth between the case 3 and the case 4 is plotted.
And, in figure 11, the difference of the bare plasmoid
kinetic energy between the case 3 and the case 4 is plot-
ted. These are not so different from those with the CT
magnetic field. From these results, it is considered that
the bare plasmoid which is injected into the magnetized
target plasma region is also decelerated by the Lorentz
force of the target magnetic field. Thus, we examine the
Lorentz force effect in the bare plasmoid injection. The



Lorentz force 18 divided into two effects: the magnetic
pressure force and the magnetic tension force. There-
fore, the energy conversion rate for the Lorentz force
effect 1s divided as follows:

Eioom = &} i + Fim - (25)

where
& .= —fv -V(B?/2)dv . (26)
£ = /V -(B V)Bdv . (27}

In the bare plasmoid injection, it is easy to divide the
Lorentz force effect of the target magnetic field into
these two effects. {In the CT plasmoid injection, it is
difficult, since magnetic reconnection between the CT
magnetic fleld and the target magnetic field takes place
as shown in the previous section.) Figure 16 shows the
time evolution of the magnetic pressure force effect and
the magnetic tension force effect in the case 4 Until
the bare plasmoid has entered the target region, the
magnetic pressure force dominantly changes the back-
ground kinetic energy to the background magnetic en-
ergy. After that, however. while it decreases with time,
the magnetic tension force effect increases. The injected
bare plasmoid suffers from the magnetic pressure force
until 1t has entered the target region as predicted by the
CS model. After that, however, it is decelerated by the
magnetic tension force through the penetration process.
Also, in the CT plasmoid mnjection, the CT is considered
to be decelerated by the same process.

4 Discussion

4.1 Effect of Magnetic Reconnection

From figure 10, the difference of the penetration depth
between the case 1 and the case 2 is not so different from
that between the case 3 and the case 4. However, we can
see that the former 1s a little smaller than the latter. It is
because the difference of the CT kinetic energy between
the case 1 and the case 2 is a little smaller than that be-
tween the case 3 and the case 4 (see figure 11). Asshown
in the previous section, the decrease of the CT kinetic
energy due to the existence of the target magnetic field is
caused by the Lorentz force effect which includes effects
both of the magnetic pressure force and the magnetic
tension force. From these results, it is considered that
the Lorentz force effect is relaxed in the CT injection
compared with the bare plasmoid injection. As previ-
ously indicated, in the CT injection magnetic reconnec-
tion takes place, which relaxes the bending of the target
magnetic field. Namely, magnetic reconnection would

relax the magnetic tension force. In the present simu-
lation, however, the difference of the penetration depth
1s small as shown previously. It is because the strength
of the target magnetic field is small. When it is larger,
the relaxation of the magnetic tension force by magnetic
reconnection would be more remarkable and eontribute
to the deep penetration, because the magnetic temsion
force in such a case becomes more effective.

4.2 Comparison with the experiment

Let us compare the sumulation parameters with the ex-
periments. If we take the radius of the injection region
L, to 0.15m, L,/2 becomes 1.2 m, which corresponds
to the plasma diameter. For the CT parameters, if it
is assumed that the density por is 1 x 10~ %kg/m® (it
corresponds to 1 x 10%2/m® when it is assumed that the
plasma consists of hydrogen) the maxirmum strength of
the magnetic field Ber is 1T, the Alfvén velocity Vi
corresponds to 690 km/s. Thus, the injection velocity
Ver is 207 km/s. In the target region, the density prarge:
corresponds to 1x 10_7kg/ m>. The initial pressure Peom
corresponds to 5 keV in terms of temperature if it is as-
sumed that the plasma consists of hydrogen. Also, the
strength of the magnetic field corresponds to 0.1 T for
Brarger = 0.1. The resistivity 7 is fixed to 1 x 10732
1 the normalized unit pglL,V,, which corresponds to
the 1 x 107%Q m. Therefore, the strength of the target
magnetic field is smaller and the resistivity is larger.

In the simulation, the initial pressure is assumed to
be spatially constant. Therefore, the initial pressure
in the gun region is the same as that in the target re-
gion, which leads to the excessive deceleration of the
CT through the compressional heating in the gun re-
glon. Since in real experiments the pressure in the gun
region is much lower than that in the core plasma, such
deceleration would not be caused. However, the pressure
in the core plasma is high enough for the injected CT
to suffer form the compressional heating, which would
cause such a deceleration.

If we assume the Spitzer resistivity, the resistivity
in the device region is about 1.0 x 107°Q m and that
in the CT region is about 1.0 x 1073Q m. Therefore,
the resistivity in the present simulation is larger even if
the resistivity in the CT region is referred. ¥For smaller
resistivity, the injected CT plasmoid would push its way
through the target magnetic field predicted by the CS
model, which relaxes the magnetic tension force. Also,
in the simulation, the target magnetic field is line-tied
on the boundary. namely, the magnetic tension force
effect 1s more severe than in the real experiment. These
effects cause the excessive deceleration of the CT. In
order to examine in more detail, the dependence of the
magnetic tension effect on the resistivity, the size of the



target region, and the boundary condition should be
investigated.

5 Summary

From our simulation, it can be seen that the process of
the CT penetration into the magnetized plasma is much
more complicated than whai has been analyzed so far
by using the CS model. The injected CT suffers from
a tilting instability, which grows with the similar time
scale as the CT penetration. The instability 1s accom-
panied by magnetic reconnection between the CT mag-
netic field and the target magnetic field. Because this
process proceeds successively, the magnetic configura-
tion of the CT is disrupted, which leads to supply of the
CT high density plasma into the target plasma region.
Also, it can be seen that the penetration depth of the
CT high density plasma is shorter than that estimated
from the CS model. The injected CT slows down even
when the target magnetic field is null, because the CT
kinetic energy is decreased by the compressional heat-
ing. When the target magnetic field exists, the CT is
more decelerated by the Lorentz force effect through the
compressibility of plasma, by which the CT kinetic en-
ergy is converted to the magnetic energy of the target
magnetic field. By comparing the CT injection with the
bare plasmoid injection, the Lorentz force effect in the
CT injection is considered to be relaxed by magnetic
reconnection.

In the present simulation the strength of the target
magnetic field is small. To investigate the CT dynam-
ics as well as the penetration depth in more detail, the
dependence of the target magnetic field should be con-
sidered.
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Figure Captions

Fig.1: Schematic diagram of the simulation region. The
CT magnetic field and the target magnetic field are di-
rected as shown here.

Fig.2: The spatial structure of the magnetic flux {con-
tours) and the plasma density (colors) viewed from & = 0
at ¢t = 0,20,40, and 60714 in the case 1.

Fig.3: The spatial structure of magnetic field lines and
the high density plasma viewed from § = 0 at t =
0,20,40, and 6014 in the case 2.

Fig.4: The time evolution of contours for the plasma
density viewed from 8 = 0 at t = 0,20,40, and 6074 in
the case 2.

Fig.5: The magnetic structure and the high density
plasma at ¢ = 2074 viewed from various directions. Yel-
fow lines are the CT magnetic field, blue hnes are the
target magnetic field which does not reconnect with the
CT magnetic field, and green lines are the magnetic field
reconnected between the CT magnetic field and the tar-
get magnetic field.

Fig.6: The time evolution of penetration depths in the
simulation and in the CS model. Penetration depths
with Biarger = 0 and with Biarger = 0.1 are respectively
plotted by solid lines and broken lines both in the sim-
ulation and the CS meodel.

Fig.7: The time evolution of the CT kinetic energy,
which is defined by the kinetic energy integrated in the
CT region (EXT = [, 3pV?dv). The solid line and
the broken line correspond to the case 1 and the case 2,
respectively. The time evolution of the CS kinetic en-
ergy estimated from the CS model is also plotted.

Fig.8: The schematic diagram of the energy conversion
between the kinetic energy, the magnetic energy, and
the thermal energy which are divided into the CT region
and the background region.

Fig.9: The time history of energy conversion rates: the
viscous heating £}, the compressional heating £f_, the
Lorentz force effect &¢ .., and the outflow to the back-
ground region £-T P2 These rates are integrated in

the CT region (p > p.).

Fig.10: The difference of the penetration depth between
the case 1 and the case 2 (solid line) and that estimated
from the CS model (broken line). The difference of 1t
between the case 3 and the case 4 is also plotted by a
broken line. Since, the bare plasmoid reaches the oppo-
site wall by 1 = 4074, after that, it is eliminated.

Fig.11: The difference of the CT kinetic energy between
the case 1 and the case 2 (solid line) and that of the C5
kinetic energy between cases with Biarger = 0 and with
Btarger = 0.1 (broken line). That between the case 3 and
the case 4 is also plotted by a broken line. The reason
why it in the bare plasmoid injection becomes smaller
at £ = 38714 Is the effect of the opposite wall.

Fig.12: The difference of energy conversion rates be-
tween the case 1 and the case 2. These are integrated in
the CT region and subtracted those in the case 1 from
in the case 2, §¢ = fp>pc EdVcnses — fp>pc £d)case] -

Fig.13: The resultant energy difference and the con-
verted energy between t = 774 and { = 4074 subtracted
those in the case ] from in the case 2.

Fig.14: The spatial structure of the plasma density {col-
ors) viewed from ¢ = 0 at £ = 0, 20,40, and 6014 in the
case 3.

Fig.15: The spatial structure of magnetic field lines
and the high density plasma viewed from # = 0 at
t = 0,20,40, and 6074 1n the case 4.

Fig.16: The time evolution of energy conversion rates
due to the Lorentz force effect of the target magnetic
ficld in the case 4. These rates are integrated in the
background region (p < pc)-



CT target cormmon
case | Vor { por | Ber | Prarger | Brarget Leom
1 0.3 10 1 0.1 0 0.1
2 0.3 10 1 0.1 0.1 0.1
3 4.3 10 g 0.1 0 0.1
4 0.3 10 0 0.1 0.1 G.1

Table 1: Several parameters in four different simulation runs.
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