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ABSTRACT

This work presents the results of experimental and theoretical research of impact of tailored density profile and application of external axial
magnetic field on initial spatial distribution of the plasma density in the plasma metal puff Z-pinch and on its implosion dynamics. It has
been discovered that upon implosion of the plasma metal puff Z-pinch some stripes interpreted as the system of two coaxial shells appear on
the optical images. With the help of numerical simulation, the formation of the plasma liner consisting of a mixture of carbon and bismuth
ions and formed by the expansion of the plasma jet of the arc burning on the bismuth electrode has been considered in this work. It has been
shown that the lightweight carbon ions facilitate formation of the density distribution smoothly decreasing with the increase in radius, that,
in turn, leads to suppression of the Rayleigh–Taylor instability in the current sheath upon further implosion. It has also been demonstrated
that availability of the two types of ions in plasma considerably different in mass leads to formation (in the compression phase) of a double
shell with externally located heavy ions. It has also been revealed that the application of the external axial magnetic field leads to reduction in
the plasma metal puff Z-pinch initial diameter.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0010853

I. INTRODUCTION

The fast Z-pinches are quite widely researched presently both in
terms of their application as a powerful source of soft x-ray radiation
and with regard to their possible use for inertial nuclear fusion.1–4 The
interest to this problem in recent years is mainly connected with the
magnetized liner inertial fusion program4,5 carried out in Sandia
National Laboratories. A renewed interest is also present in the
research of efficient multi-keV x-ray generation, where large initial
diameter (>3 cm) implosions are required.6–8

The compression of cylindrical fast Z-pinches takes place under
the effect of a powerful current pulse creating high magnetic pressure
on the pinches external surface. In the presence of the magnetic fields,
the plasma compression is subject to magnetohydrodynamic instabil-
ities, the most dangerous of which are Rayleigh–Taylor (RT) instabil-
ities, which is why the fast Z-pinches (plasma liners) implosion
stabilization is one of the most important aspects of their physics.1,9–15

To improve implosion stability, different approaches were proposed
and implemented, particularly, use of axial magnetic field and snow-
plow stabilization mechanism. An effective way to suppress the RT

instabilities in Z-pinches is the use of initial radial distribution of the
substance density (tailored density profile9) at which the boundary
between the magnetic field and plasma is not exposed to acceleration
and the exponential growth of RT instability is fully suppressed. To
suppress the RT instabilities, the authors of the work9 proposed to use
such an initial distribution of the substance in the shell at which the
density decreases as per the law q(R) � R�s, where s > 2. Upon com-
pression of the substance with such density distribution, the plasma
boundary velocity begins to fall down after a short period of initial
growth. One more consequence of the use of this kind of a profile is
emergence of the low-density plasma on the periphery of the pinch.
Ions with different charge-to-mass ratios can be separated in such
plasma. This can be seen in the plasma consisting of a mixture of sub-
stances.14,15 In this case, the forces generated by the presence of gra-
dients of magnetic field and thermal pressure in plasma have different
impacts on the ions of different substances. These impacts are most
pronounced in the presence of strong thermal pressure gradients and
magnetic pressure gradients, i.e., in the current sheath and on the
shock wave frontiers.16
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Tailored density profiles have been implemented in experiments
on plasma metal puff Z-pinch implosions.17–19 In one experiment,17

an axial magnetic field was not used and, in other experiments,18,19

implosion stabilization was achieved both with the help of the tailored
density profile and with application of the external axial magnetic field.
The metal puff Z-pinches are formed by injecting high-current vac-
uum arc plasma into a vacuum gap, the electrodes of which are under
the voltage supplied by a generator with the current amplitude about a
megampere to produce the Z-pinch. It was shown18 that the energy
radiated from the Z-pinch can be considerably changed with the help
of external axial magnetic field, the induction of which is much less
than the induction of the Z-pinch self-magnetic field. It was demon-
strated that the radiation energy of the bismuth Z-pinch compressed
by IMRI-5 generator (450 kA, 450ns) at Bz0 ¼ 4.5 kGs is about one
and a half times as powerful as the Z-pinch energy without external
magnetic field. The dynamics of Z-pinch compression and the total
radiation output are mainly determined by initial spatial distribution
of plasma liner density in the interelectrode gap. The aim of this article
is complex experimental and theoretical research of impact of tailored
density profile and application of external axial magnetic field both on
initial spatial distribution of the plasma density in the plasma metal
puff Z-pinch and on its implosion dynamics.

II. EXPERIMENTAL SETUP AND PROCEDURE

The experiments have been carried out on the high-current
IMRI-5 pulse generator17–19 with the current amplitude (through the
load) of about 450 kA and a rise time of around 500ns. The scheme of
experiments is presented in Fig. 1. The plasma produced by vacuum-
arc discharge was used as the load of the generator. The electrodes of
the plasma gun (both cathode and anode) were made out of bismuth.
The plasma jet was injected through a hole in the steel collimator,
5mm in diameter. The length of the liner was 1 cm (the gap between
the lowest electrode and the stainless-steel grid of IMRI-5 generator).
It should be mentioned that the plasma injected from the plasma gun
contained not only bismuth ions, of which the electrodes were made,
but also the ions of isolator substance (mainly carbon ions20). All the
experiments on the metal puff Z-pinch compression were carried out
under the following fixed conditions: the delay between the beginning
of the current flow in the arc discharge and switching the IMRI-5 gen-
erator current [450 kA, 450ns (Ref. 18)] was Dtpl ¼ 6.2 ls; the voltage
of the capacitor charging (Cpl ¼ 20 lF) of the plasma source was

Upl ¼ 20 kV; a quarter of the current oscillation period in the arc dis-
charge was t1/4 ¼ 6.67 ls; and arc discharge current was 926 2 kA.
Fixation of these conditions ensured a similar initial linear mass of the
liners. It should, however, be mentioned that the application of the
external magnetic field (see below) affected the plasma gun function-
ing, that, in turn, influenced the initial substance distribution in the
interelectrode gap of IMRI-5 generator.

The external magnetic field was produced with the help of the
two coils connected in series (Fig. 1). Each coil had 60 spirals. The
capacitance in the magnetic field generation system was Cbf¼ 200 lF.
The charge voltage of the system was Ubf ¼ 4 kV. The value of the
magnetic field at the moment of switching on of the plasma source
(and then IMRI-5 generator) was varied by changing the time interval
Dtbf between the beginning of the current flow in the magnetic field
coil and the time of switching the rest of the system. The experiments
were carried out at the following parameters of the magnetic field: B1
¼ 1.5 kGs (Dtbf ¼ 47 ls); B2 ¼ 3 kGs (Dtbf ¼ 114 ls); B3 ¼ 4.5 kGs
(Dtbf¼ 200 ls); and B4¼ 6 kGs (Dtbf¼ 360 ls).

It should be noted that the stabilization criteria for the pinch in
the axial magnetic field can be presented as follows:8,21

Bz0 ðrGsÞ � ð10� 30Þ ImaxðMAÞ
R0ðcmÞ

; (1)

where Bz0 is the initial axial magnetic field; Imax is the max current
through the pinch; and R0 is the initial radius. Criteria (1) reflects the
fact that to improve the implosion stability at about tenfold compres-
sion the force accelerating the pinch and generated by the load current
flowing through it should be balanced by the axial magnetic field pres-
sure force. In the case of tailored density profile, it is quite difficult
to identify the initial pinch radius. This question was discussed in
Refs. 18 and 19, where the initial pinch radius was estimated as
�3 cm. Following this, the value R0 � 3 cm can be accepted for crude
evaluation. Then, according to Eq. (1), the magnetic field value
required for the compression stabilization would be as follows:
Bz0 � ð1:5� 5Þ kGs. Thus, the external magnetic fields corresponding
to (1) were used in the experiments.

The diagnostics during the experiments included both current
and voltage measurements and registration of the images of the liners
in their self-radiation. To obtain the plasma images in the visible spec-
tral range, the HSFC Pro four-frame optical camera with the exposure
of 3 ns was used. Current sheath boundary position upon plasma
pinch compression was determined in the course of the experiments
and detailed description of the measurement techniques is given in the
paper.19

In the series of the experiments described in Ref. 19, the current
sheath boundary position upon the plasma liner compression was
determined using three different methods: by magnetic probe, by opti-
cal observation, and by measurement of the inductance L(t) according
to the following formula:

RðtÞ ¼ Rr exp �
L tð Þ � L0

2

� �
; (2)

where R(t) is the sheath radius, Rr is the reverse current posts radius,
and L0 is the inductance of the circuit section between the voltage
gauge position and the Z-pinch. All three measurement methods
showed comparable results.19FIG. 1. Geometry of the problem.
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However, after performing the series of shots, it was discovered
that the first shots in the series differed considerably from the conse-
quent ones. The electrodes’ initial contamination being eliminated
after the first shot must have had a significant impact. In the case of
regular “clean” shots, there were considerably less plasma in the liner,
and the current shell initial radius was also lower; hence, it was difficult
to determine the current sheath position with the use of magnetic
probes because only one probe—the inner one—was operating in the
standard manner in this case. Therefore, according to Ref. 19, the cur-
rent sheath radius was derived by the inductance measurement in
accordance with formula (2). Since the electrodes’ contamination rate
affects the Z-pinch current layer formation, four consequent shots
were performed in each mode, wherein the plasma compression time
changed due to reduced impurities and the image recording time was
changed accordingly.

The pictures of the self-emission of the Z-pinches taken with the
help of HSFC Pro optical camera revealed that there were the stripes
parallel to the direction of the current flowing through the pinch
(Fig. 2) on some images. The stripes were logical to associate with a
system of two coaxial shells. These stripes or shells were the most
clearly displayed ones when the pinch radius was approaching the
value of about 1 cm, and the distance between the stripes was around
1mm. This type of structure could be seen both in the absence and in
the presence of the external magnetic field (Fig. 2). The nature and
mechanism of emergence of the above structure we attempted to fig-
ure out in the course of numerical simulation, the methodology and
results of which are described below.

III. MODEL DESCRIPTION

For simulation of the vacuum arc plasma jet expansion and the
subsequent Z-pinch implosion, the two-dimensional hybrid model of
quasi-neutral plasma was developed and tested.22–24 The model takes
into account all three components of ion velocity, electron velocity,
current, and magnetic field. However, all the components depend only
on the two dimensions r and z. This modification of the model allows
studying the impact of the external axial magnetic field on the metal
puff Z-pinch dynamics. The applicability of this code for the Z-pinch
compression related problems was tested in.25,26 Here we will give
only brief description of the main equation system.

The model is a hybrid one, i.e., the ions are treated as the macro-
particles with the help of the particles-in-cells (PICs) method [Eqs.
(3)–(7)]. The macroparticles can describe the particles of different
type, i.e., the particles having different charge and mass. The electrons
are treated as the massless fluid (8), (9). The electromagnetic part in
the quasi-neutral approximation is reduced to the equation for the
transfer and diffusion of the magnetic field (only h-component) (10),
transfer and diffusion of vector potential h-component (11), and the
equation for the current and the magnetic field (12),

d~r i
d t
¼ ~V i; (3)

mi
d~V i

d t
¼ eiE þ

ei
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1
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@ A
@z

; ~J ¼ c
4p
r�~B; (12)

where Vi is the velocity of the ion macroparticle of i-type, ri is the
radius vector of i-type macroparticle, S is the weighting function of
PICmethod (the bilinear interpolation is presently used),Hc is the vol-
ume of PIC cell, Nc is the number of particles in cell, ni is the density if
i-type ions, ne is the electrons density, ui is the drift velocity of i-type
ions, ue is the electrons drift velocity, Te and Ti are the temperature of
the electrons and ions, J is the current density, sei is the electron–ion
collision time, r is the plasma conductivity, B is the magnetic field, E is
the electric field (in the context of quasi-neutrality), Pe is the electron
pressure, Wrad is the radiation losses, Wion is the losses of energy for
ionization, and A-h is the vector potential component.

The last two terms in the right-hand side of Eq. (4) formally indi-
cate the variation of the macroparticles impulse caused by Coulomb
ion–ion and electron–ion collisions, respectively. The first term in the
right-hand side (9) is for the variation of electrons energy caused by
such collisions. In the developed model, these collisions were simu-
lated with the use of Monte Carlo method (MC).27 For ion–ion

FIG. 2. Two parallel glowing shells (stripes) observed during the experiment. (a)
Shot at Bz0 ¼ 0; t¼ 354 ns; estimated stripes thickness �1mm. (b) Shot at Bz0
¼ 3. kGs; t¼ 345 ns; estimated stripes thickness �0.5 mm.
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collisions simulation, the ions couples were randomly chosen in the
cell. For ion–electrons collisions, the so-called grid-based binary
model28 was used. The temporary set of the electrons subject to shifted
Maxwell distribution with the grid values ne, ue, and Te had been ran-
domly sampled. Then the collisions between the ion macroparticles
and the generated at each time step electron test macroparticles were
simulated.24

The losses of energy for ionizationWion in Eq. (9) were calculated
in the course of simulation of ionization and recombination reactions.
The reactions were simulated with the help of direct simulation Monte
Carlo method (DSMC).23,29 Direct ionization, triple recombination,
and photo recombination were taken into account. The radiation
losses Wrad in (9) were calculated in course of computation of radia-
tion transfer with the use of P1 method.26,30

Compression dynamics was regulated by solving the following
system of the electric circuit equations:

L0 þ L tð Þð Þ d I tð Þ
d t
¼ � R0 þ R tð Þ þ d L tð Þ

d t

� �
I tð Þ � U tð Þ; (13)

d U tð Þ
d t

¼ � I tð Þ
C0

; (14)

L tð Þ ¼ 1

I tð Þ2
ð
B tð Þ2

4 p
dV ; (15)

where L0 is the initial circuit inductance, C0 is the capacitance, U is the
voltage on the capacitor, R is the active liners resistance (was obtained
in course of the computation), and I is the circuit current.

The simulation was made under the following circuit parameters:
L0 ¼ 35 nH, R0 ¼ 60 m X, C0 ¼ 3.2 lF, and U(0)¼ 70 kV. In the
short circuit mode, the circuit parameters provided current I(t)
¼ Imax�sin((p/2t0)�t), where t0 was about 450ns, and Imax is the about
450 kA, which was in agreement with the current source characteristics
used in the experiment.

The problem was solved in cylindrical geometry on a rectangular
grid. The size of the computational domain is as follows: radius
¼ 3.25 cm, height ¼ 1 cm. The size of the computational cell of the
grid varied upon the increase in the radius from 25lm� 50lm to
90lm �50lm. Because the computational domain was cylindrical,
the macroparticles had different statistical weight that depended on
radius of the particle injection into the computational domain.
Macroparticles moving toward the center are split, thus increasing the
number of the particles and reducing the chaotic fluctuations ampli-
tude of the average values.

IV. COMPUTATION RESULTS

In the course of the computation, we tried to obtain such a
plasma distribution in the gap that would upon the liner compression
make the current pulse reproduce the curve R(t) obtained during the
experiment. R(t) was understood as a medium current sheath radius
which, as in the experiment, was calculated according to formula (2),
where L(t) was computed in the course of the liner compression simu-
lation by Eq. (15). The fit to the experimental pinch compression curve
was carried out in the absence of the external axial magnetic field. The
boundary conditions for the plasma jet flowing from the vacuum-arc
plasma source, obtained as a result of the above fitting, remained
unchanged in the computation of the plasma expansion in the external
magnetic field.

The expansion of the plasma jet entering the gap through the
electrode center hole, 0.5 cm in diameter, was simulated at sinusoidal
variation of arc current (80 kA, a quarter of the period) within 6.3 ls.
At that, the specific erosion, temperature, and the composition of the
plasma were varied for obtaining the required implosion curve. The
vacuum-arc plasma gun with bismuth anode and dielectric insert were
used in the experiments. The plasma composition of the source was
quite complicated.18 In the present work, following the preliminary 0-
dimensional analysis with the use of the snow plow method,18 the arc
plasma was assumed to be composed of bismuth and carbon. In the
course of the simulation the following percentage composition was set:
Bi—75%, C—25%; ion mean charge state Bi—1.5, C—1. Besides, it
was assumed that 25% of the plasma ions were reflected (with neutrali-
zation) from the grid anode (grid transparency—50%) and 50% of the
plasma ions were reflected from the cathode (at R> 0.25 cm).

The average velocity of the ions entering the gap was taken to be
equal to v0¼ 5� 105 cm/s.31 The plasma temperature in the course of
the computer experiments was assumed to be 3 eV. At the above tem-
perature, the bismuth ions thermal velocity was less then v0; hence, the
ions showed weak expansion in the gap and formed the central dense
jet. The carbon ions thermal velocity exceeded v0; therefore, the carbon
ions expanded relatively fast forming light external shell.

In the course of the numerical simulation, it was revealed that the
linear mass of the Z-pinch shall be �243lg/cm, most of it to be
located close to the axis. To obtain this mass value under the given
current, the specific erosion in the arc source shall be �1200lg/C
which is almost seven times as high as the experimental value obtained
in the low-current arc on the bismuth cathode.32 However, there is
some experimental data33 showing that the specific erosion in high-
current arcs can repeatedly exceed the “conventional” values.
Therefore, the obtained specific erosion value does not look to be
extremely high. However, this problem (sharp growth of the specific
erosion at high current) is worthy of a separate study, and this is the
topic of one of our future works.

Figure 3 shows the comparison of the experimental pinch com-
pression R(t) curves developed by the inductance measurement
according to formula (2) and the computed curves, as well as the oscil-
logram of the current flowing through the liner. Upon establishing the
curve at Bz0 ¼ 0, the boundary conditions for the arc plasma jet were
tuned. After that under the same boundary conditions, the computa-
tion was made at different Bz0. It can be seen that, for example, there
was quite a good correlation with the experimental curve at Bz0 ¼ 3
kGs.

The ions density distribution in the interelectrode gap at zero
axial magnetic field is presented in Figs. 4 and 5. It can be seen that the
density distribution in the gap has a profile smoothly decreasing
with an increase in R. In the center of the gap at R> 0.25 cm, the
density behaves as follows: nðRÞðcm�3Þ ¼ 1018e�½3:5RðcmÞ�

2

þ 3� 1015 ½RðcmÞ��3:5, i.e., in the case of high radius values
R> 0.7 cm, the condition of RT instability suppression formulated in
Ref. 9 is met. In Figs. 5 and 7, one can see that from the anode to the
center of the gap such a profile (at high R values) is mainly formed by
the carbon ions, and the bismuth ions create the central dense jet. It
should be noted that a similar structure of the initial metal puff plasma
Z-pinches substance distribution was observed in the experiments.20

The distribution of bismuth and carbon ions at the cathode is similar
owing to a considerable number (25%) of the ions reflected from the
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grid which mix with the ions approaching the anode. In spite of the
fact that the carbon ions are injected in a three times lower quantity,
they make the distribution of the aggregated density along Z at higher
R values more homogeneous. This positively influences the subsequent
implosion dynamics.

According to Ref. 9, the Z-pinch density profile subject to power
law of density reduction suppresses the development of
Rayleigh–Taylor instability during the implosion of the Z-pinch that
results in more homogeneous compression involving almost all

FIG. 3. Comparison of the plasma metal puff Z-pinch experimental compression
R(t) curve and the simulated R(t) curve at different Bz0. (a) Bz0 ¼ 0 kGs and (b)
Bz0 ¼ 3 kGs.

FIG. 4. Aggregated (C þ Bi) ions density [lg(n), n (cm3)]. Bz0 ¼ 0.

FIG. 5. Distribution of different component ions density in the gap. Bz0 ¼ 0.

FIG. 6. Plasma liner compression. Aggregated (C þ Bi) ions density [lg(n), n
(cm3)] at different points of time. Bz0 ¼ 1.5 kGs. (a) t¼ 10 ns, (b) t¼ 200 ns, (c)
t¼ 300 ns, and (d) t¼ 350 ns.
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substance of the pinch. In the case of compression of a sharp boundary
pinch, the Rayleigh–Taylor instabilities develop in the current sheath
that makes only a part of the pinch substance to compress (see Refs.
11 and 34 for example).

As some experimental research18,19 reveal, the pinch formed by
the above method is compressed homogeneously without any visible
disturbances typical for the developed Rayleigh–Taylor instability. In
our simulation the pinch also was compressed quite homogeneously
without any instabilities in the current sheath (Fig. 6).

Figure 7 shows the density distribution in the center of the gap
obtained at different values of the external axial magnetic field before
the implosion begins. The plasma pinch initial radius decreases
monotonously with the increase in Bz0. It should be mentioned that
during the computation it was assumed that the external magnetic
field in the interelectrode gap was homogeneous at the beginning and
had only Z-component. The actual axial magnetic field in the experi-
mental installation is not homogeneous and has a nonzero R-compo-
nent. But at this stage the task was simplified to discover main
regularities of the external field influence.

In the course of the plasma expansion the initially homogeneous
field deformed which resulted in the emergence of an azimuthal cur-
rent and the resultant Ampère force decelerating the plasma expan-
sion. Due to this, the plasma pinch initial radius decreased with the
increase in Bz0. So, at Bz0 ¼ 6 kGs, the liner radius �1.8 cm against
3.25 cm at Bz0 ¼ 0. Figure 7 also reveals that at the tested Bz0 values if
R< 1 cm the plasma density distributions hardly vary.

In Fig. 7, one can see that at Bz0¼ 0 the Bi ion’s density decreases
with radius faster than the C ions density, and at Bz0 > 0, there is the
contrary situation. This is due to the fact that, as one can see from Eqs.
(4)–(5), the forces driven by the presence of gradients of the thermal
pressure and the magnetic field in plasma have different impact on dif-
ferent substances ions. The carbon ions being more lightweight are
faster decelerated by the magnetic field, and the ion–ion interaction is
weak due to the low plasma density and is not able to equalize the dif-
ferent mass ions velocities.

The similar situation remains also upon implosion of the plasma
pinch. But the carbon ions are accelerated more intensively than bis-
muth ions and the two parallel converging shells appear. Such shells
can be seen in Figs. 6(b), 8, and 9, clearly demonstrating that such
shells correspond to the local maxima of the different mass ions densi-
ties which are also accompanied by the local maxima of the current
density and electron temperature. The distance between the density
maxima in Fig. 9 can be related to the width of the double shell
obtained in the experiment (Fig. 2). At t¼ 310ns, the width [Fig. 9(a)]
is about 1mm, which is in good agreement with the experimental esti-
mate [Fig. 2(a)]. The simulation has also revealed that the distance

FIG. 7. Distribution of the ion densities at different external axial fields. “C” and “B”
stand for carbon and bismuth. The numbers 0, 3, and 6 mean that the computation
was made at Bz0 ¼ 0, 3, and 6 kGs, respectively.

FIG. 8. (a) Aggregated density of plasma ions [lg(n), n (cm3)]; (b) current density;
and (c) electron temperature. Bz0 ¼ 0, t¼ 230 ns. Two parallel shells can be seen
at the external boundary.
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between the shells changes in the course of the pinch compression
(Fig. 9). When the compression starts the distance increases, the car-
bon ions move forward. When the shells approach the dense plasma
area, the lightweight ions are decelerated more efficiently, and the dis-
tance between the shells decreases. Upon the further compression of
the pinch, i.e., when the shells enters the dense plasma area, the effi-
ciency of the ion–ion interaction enhances, the drift velocities of differ-
ent mass ions equalize, and the two shells merge into one [t¼ 350ns,
Fig. 9(a) and t¼ 310ns, Fig. 9(b)]. This kind of double luminous shells
which merge into one at a later point of time during the compression
is observed in the experiments.

It is necessary to mention that previously the formation of two
concentric shells was observed14 and modeled15 for multispecies
D2–Ar gas puff. In Ref. 14 was shown that in the case of the 90%
D2–l0% Ar mixture, a much better result for stabilization of implosion
than in the case of pure D2 was achieved. However, the stability analy-
sis conducted in Ref. 15 has indicated that radiative cooling from Ar
ions has more to do with the improved pinches that are observed than
with a reduction of the RT growth rate. In the case of present work,
there is Bi ion liner with small admixture of C ions. The admixture of

C ions rather attenuates radiation cooling. Thus, the improvement in
the implosion stabilization in our case is rather due to suppression of
RT instability.

V. CONCLUSION

The work presents the results of experimental and theoretical
research of impact of tailored density profile and external axial mag-
netic field on initial spatial distribution of the plasma metal puff Z-
pinch and on its implosion dynamics. The experiments have revealed
that upon implosion of the metal puff Z-pinch some stripes parallel to
the direction of the current flowing through the liner appear on the
optical images obtained in their self-emission. The stripes have been
interpreted as the system of two coaxial shells. Such structure is
observed when the compressing pinch radius value approaches 1 cm,
and the “stripes” appear both in the absence and in the presence of the
external magnetic field. The formation of the plasma pinch consisting
of a mixture of carbon and bismuth ions as a result of the expansion of
the arc plasma jet ignited on the bismuth electrode has been consid-
ered in the present study with the help of the numerical simulation. It
has been revealed that the lightweight carbon ions facilitate generation
of the tailored density profile which, in turn, provides suppression of
the Rayleigh–Taylor instability in the current sheath upon the conse-
quent implosion. It has also been demonstrated that availability of the
two ion types considerably different in mass in the pinch plasma leads
to formation of the double shells with externally located heavy ions in
the compression phase. It has been shown that the application of the
external axial magnetic field results in a decrease in initial diameter of
the plasma metal puff Z-pinch. The obtained results are in compliance
with the experimental data.
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