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A study of the expansion of a laser plasma in a transverse magnetic field under conditions 
corresponding to the region whereP> 1 (Pis the ratio of the gaskinetic plasma pressure to the 
magnetic pressure) revealed a selective interaction of the field with the ions depending on their 
charge, which could result in the displacement of ions with higher charges from the head of a 
plasma to the central region. Expansion under conditions beyond the region wherep- 1 reduced 
strongly the kinetic energy of the ion component because of a redistribution of the energy when 
the plasma became polarized and the plasma itself could propagate in the form of several bunches 
whenP< 1. 

The work reported by Bostick' was the pioneering ex- 
perimental study of the interaction of plasma bunches with 
transverse magnetic fields. At present such investigations 
are used in connection with thermonuclear fusion, when 
plasma fills magnetic traps, and as ion sources.24 

A plasma expands freely in a magnetic field, i.e., it ex- 
pands in the same way as in the absence of a magnetic field 
for a time after the formation so long as the gaskinetic plas- 
ma pressurep,, exceeds the magnetic pressure P, exerted by 
an external magnetic field (i.e., until the ratio of these pres- 
sures becomesfl= P,,/P, > 1 ) . The ratio0 decreases during 
expansion of a plasma because of a rapid reduction in the 
plasma density and temperature in the course of adiabatic 
expansion. When the ratio reaches P- 1 the plasma bound- 
ary comes to rest if the plasma has a spherically symmetric 
shape.29536 However, if the plasma expands preferentially in 
one direction and has a sufficient kinetic energy, it may go 
over to a region characterized by B< 1 as a result of polariza- 
tion by a transverse magnetic field.' The plasma drift occurs 
in an external transverse magnetic field B crossed by a 
matched electric polarization field E at a velocity V,, 
= [E xB/B2] (Refs. 1, 8, and 9) .  In the case of a plasma 

formed by laser radiation incident on a plane thick target of 
dimensions exceeding the size of the spot formed by the laser 

, radiation focused on the target we can expect typically such 
a spatial anisotropy of the expansion process. ''-I2 

In the case of a laser plasma there are thermalization 
processes which occur directly after the formation and en- 
sure that a major part of the plasma energy is concentrated in 
the kinetic energy of the component ions. We therefore have 

where n, is the concentration of ions in the plasma; m, is the 
ion mass; ( V ,  ) is the average velocity of ions in the plasma; 
p, is the magnetic permeability. The characteristics of a laser 
plasma drifting in a transverse magnetic field under condi- 
tionsP< 1 differ considerably from the characteristics of the 
expansion process in the absence of a magnetic field. A plas- 
ma expands in the form of a bunch at a velocity which is less 
than in the absence of a magnetic field.4,13 It is shown in 
Refs. 14-16 that a plasma expanding in a transverse magnet- 
ic field is decelerated and the strongest slowing down (com- 
pared with free expansion) is experienced by the high-ener- 

gy part of the plasma containing multiply charged ions. 
A laser plasma traveling across a magnetic field passes 

through regions with different values of the parameter P so 
that the nature of the interaction of the plasma with the mag- 
netic field varies. For this reason we can identify the influ- 
ence of a magnetic field on the main plasma characteristics 
(spatial and energy distributions, charge spectrum) by in- 
vestigating the expansion in the three characteristic regions 
with the corresponding values of the parameter P. The pub- 
lished information can only be used to compare the charac- 
teristics of a laser plasma in a transverse magnetic field when 
fig 1 with the characteristics of a freely expanding plasma. 

Laser plasma used as a source of ions for a cyclotron4~" 
expands to the emission slit of a source in all the regions ofB 
mentioned above. The process of expansion in a region with 
pB1, crossing a region with 0- 1, and the resultant drift 
motion are largely determined by the characteristics of the 
plasma used in such a source. Our aim was to investigate the 
conditions of formation of the spatial structure of the ion 
component of the plasma, and of the energy and charge dis- 
tributions of the laser plasma ions in the process of transfor- 
mation from free expansion to drift. 

1. APPARATUS 

In our experiments we formed a plasma using a CO, 
laser pumped by a transverse discharge. The laser radiation 
was in the form of 6-5 pulses exhibiting two spikes of -60 
and - 500 ns durations (Fig. 1 ). This radiation was focused 
by a planoconvex sodium chloride lens of focal length 5.6 
cm. The target was plane and thick. The target material was 
carbon, silicon, tantalum, or bismuth. The angle between the 
laser beam and the normal to the target was =:4O0. The area 

FIG. 1. Oscillogram of a CO, radiation pulse. 
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FIG. 2. Principal components of the apparatus: 1 ) lens; 2 )  entry window; 
3 )  mirror; 4 )  electrode; 5) ,  6 )  collectors; 7)  target; 8) casing; 9 )  trigger- 
ing unit; 10) delay and synchronization unit; 11) vacuum chamber; 12) 
beam splitter; 13) fast amplifier; 14) CO, laser; 15) S8-2 oscilloscope. 

of the focused spot of the laser radiation reaching the target 
was - lop3 cm2. The first spike in a laser pulse carried about 
half the energy of the pulse. The flux density @ established 
by this spike on the target surface was -3 X 10" W/cm2, 
which was deduced after allowance for the losses in the sys- 
tem used to transport and focus the radiation. In the course 
of our experiments the laser radiation flux density was var- 
ied by calibrated filters. 

We used ion sources at the Laboratory of Nuclear Reac- 
tions of the Joint Institute for Nuclear Research in Dubnal* 
subjected to a homogeneous transverse magnetic field B ~ 0 . 5  
T. The vacuum in the apparatus employed was maintained 
at 2 x Torr. 

The apparatus was assembled as shown in Fig. 2. Radi- 
ation from a CO, laser passed through an entry window 2 
and reached the vacuum chamber where it was focused by a 
lens 1 on a target 7. The target was oriented so that the nor- 
mal to its surface was perpendicular to the magnetic lines of 
force of the field B. 

In a mass-spectroscopic investigation of the ion compo- 
nent the ions were extracted from the boundary of a plasma 
traveling past an emission slit of4 X 20 mm dimensions when 
an electrode 4 was subjected to a negative rectangular pulse 
of - 100 ns duration and of < 16 kV amplitude formed by a 
generator with ferrite lines FLI and FLII (Ref. 19). The 
plasma boundary was confined to the emission slit by a metal 
grid of 150 X 150 pm mesh. The distance between the emis- 
sion slit and the target was varied from 5 to 6.5 cm. A collec- 
tor 5 subjected to a voltage U< - 200 V was placed in the 
path of the expanding plasma directly behind the emission 
slit. The high-voltage electrode 4 was made of stainless steel 
and was a hollow body bounded by two parallel surfaces. 
The shape and the dimensions of these surfaces were deter- 
mined by the paths of motion of the ions extracted from the 
plasma and by their flight time across the space between the 
two parallel surfaces of the electrode, which should be long- 
er than the duration of the high-voltage pulses. The electric 
field did not penetrate the internal space of the electrode 
because metal grids were placed at the entry and exit from 
the electrode. The ions extracted from the plasma in a homo- 
geneous and transverse magnetic field followed a circular 
path and reached a screened collector 6. 

The rotation period Ti of ions of charge z and mass mi in 
a transverse magnetic field B was proportional to the ratio 

mi/z, i.e., T, = 2rmi/zeB. The characteristic features of the 
operation of a mass spectrometer using the same principle of 
analysis were described by us earlier in Ref. 17. The resolu- 
tion of this mass spectrometer in a magnetic field B depend- 
ed both on the duration AT of a packet of ions (in the present 
case it was AT- 100 ns) and on the flight time ti until the 
collector was reached, i.e., it depended on the actual geomet- 
rical configuration of the apparatus. The ratio of ion motion 
time ti after extraction from the plasma and traveling to the 
collector 6 during one revolution period Ti in a transverse 
magnetic field was (under experimental conditions) ti/Ti 
~ 0 . 9  for ions with the A /z = 2 ratio, where A is the atomic 
weight of the ions. The difference between ti and Ti de- 
creased for ions with large values of the ration A /z. The 
background reaching the collector 6 was reduced by ensur- 
ing that the processes of plasma formation and expansion 
occurred within a case 8, the cover and base of which were 
made of an insulator in order to avoid the influence of metal- 
lic surfaces on electrically charged regions in the plas- 
ma.R.9.20 To determine the ion composition of the plasma at 
different angles q, from the normal to the target we used a 
unit composed of an emission slit, the electrode 4, and the 
collector 6 located in a plane perpendicular to the magnetic 
lines of force along an arc with its center at the focusing point 
of the laser radiation. A time delay and synchronization unit 
10 triggered a generator of high-voltage pulses of the delay 
time td after the laser pulse and it synchronized the oper- 
ation of the recording apparatus. 

We investigated the ion component of the plasma by 
placing collectors at various angles q, from the normal to the 
target. The collectors were located at a distance of 5 or 6.5 
cm from the target. The spatial resolution was - lo. 

2. EXPERIMENTAL RESULTS 

2.1. Spatial distribution 

Figure 3 shows the results of determination of the ion 
current by the collectors at various moments in time from 
the formation of a plasma in a region with low pressure ratio 
(p 5 0.1 ), whereas Fig. 4 gives the ion current along differ- 
ent directions recorded at td ~ 0 . 2  ps  after a giant laser radi- 
ation pulse (corresponding toPz0 .6) .  In the range td> 0.2 
p s  the ion current reaching the collectors had an angular 
distribution of the kind shown in Fig. 4. The positive angles 
were measured from the normal since this matched the di- 

I,, rel.units 

FIG. 3. Ion current reaching the collectors at various moments in time 
after a giant laser radiation pulse: 1) t = 0 . 6 ~ ~ ;  2 )  0 . 9 , ~ ~ ;  3 )  1 . 1  ps; 4 )  1.2 
ps; 5)  1.9 ps; 6 )  2.7 ps. These results were obtained for a carbon target; 
B = 0.2 T, L = 5 cm, @ - 6 ~  lo9 W/cmZ. 
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FIG. 4. Ion current reaching the collectors from the head part of a plasma 
in the region characterized by B- 1. The results were obtained for a car- 
bon target; B = 0.2 T, @ - 3 X 10"' w/cm2, L = 5 cm. 

rection of revolution of the ions in a transverse magnetic 
field. The precision of the experimental results was estimat- 
ed in terms of the rms error. The ratio 0 was calculated for 
the maximum value of the ion saturation current reaching 
the collector. The concentration of the ions needed to deter- 
mine0 was found from the expression describing the density 
of the ion current ji reaching the collector ji = nieK. 

The ion current to the collectors in the region charac- 
terized by 04 1 (Fig. 3) varied with time and in space. The 
plasma occupied the region characterized by 
- 10 5 p 5 10". We observed clearly the spatially separate 

regions, particularly at the head and rear parts of a bunch, 
where the ion concentration was higher. The plasma consist- 
ed of two bunches. In the middle part either the plasma was 
more homogeneous due to expansion of the bunches or their 
approach, or the spatial resolution in our measurements was 
insufficient. 

In a region with 0- 1 the spatial distribution of the 
plasma was homogeneous (Fig. 4) and the plasma expanded 
freely. For example, it was found5 that a plasma boundary 

FIG. 5. Ion current reaching the collectors recorded at different moments 
after the formation ofa  plasma: 1) r = 1.1 ps; 2) 2 . 0 ~ ~ ;  3) 2 . 3 ~ ~ ;  4) 3.0 
ps. The target was carbon; B = 0.5 T; L = 6.5 cm; @-4x lo9 W/cm2. 

stopped moving in a transverse magnetic field such that 
p=  0.15. 

Figure 5 shows the results of our determination of the 
ion current to the collectors for an even lower value of 0 , :  
05 0.003. The arrival time of the front boundary of the plas- 
ma at the collector was =: 1 ps  from the plasma formation 
time. The two-bunch structure was retained but the bunches 
were separated in space not only in the transverse direction 
but also in the longitudinal direction. The size of the region 
(characterized by 1) occupied by the plasma in the 
transverse direction did not exceed 1.5 cm in a magnetic field 
of 0.2 T, whereas the size of each of the bunches was half 
that. In a magnetic field 0.5 T after longitudinal separation 
of the bunches the width of each did not exceed 5-6 mm. The 
exact transverse dimensions of the bunches were difficult to 
determine because of some "wandering" of the direction of 
expansion of each bunch within 2-3" from one laser pulse to 
the next. The existence of a spatial inhomogeneity in the 
form of two bunches in the region 0% 1 was confirmed also 
by mass-spectrometric investigations. 

2.2. Charge separation of ions 

Figure 6a shows mass-spectrometric measurements of 
the total ion component of the plasma in the range with 
0 = 2-0.5. Indeterminacy of the parameter 0 was related to 
the error in the determination of the time intervals between 
the laser pulse and the arrival of the plasma at the emission 
slit. Figure 6a gives also the integral ion current i(t) found 
by summing the partial ion currents characterized by differ- 
ent degrees of ionization i, ( t ) .  Figure 7 shows an oscillo- 
gram of the ion current to the collector determined in the 
region wherep5 0.01. The results plotted in the two figures 
were obtained for the same direction of expansion. The aver- 
age velocity of the fast maximum of the ion current over a 
distance of L ,  = 5 cm was ( 1-2.5) X lo5 m/s. After travel- 
ing a distance L, = L, - L, between the points located at 
L, = 6.5 cm and L ,  from the target, the average velocity of 
this maximum was (3-5) X lo4 m/s. The average velocity of 
the ions in the region L, decreased by a factor of 3-5 com- 
pared with the average velocity of the ions in the region L,.  
Therefore, a strong deceleration of the plasma was observed 
as it "leaked out" from the region where0- 1. Not only the 
central part of the plasma was decelerated, but also the front 
(head) and rear parts of the plasma bunch. 

The kinetic energy Wf of a freely expanding plasma of 
mass M (in the region 03 1 ) became redistributed on pass- 
ing through a region where 0- 1 between the energy WE 
of a plasma "capacitor" of volume 0 ,  the kinetic energy of 
expansion of a polarized plasma bunch W,, and an increase 
in the internal energy of the bunch W, i.e., 
Wf = WE + W, + AW. In the case of the experimental 
conditions corresponding to Fig. 6a, we deduced that 
Wf=:M(Vi)*/2--0.8-0.9 J and W,=:~~&~S1/2=:0.6-0.7 
J, where M- lo-" kg, (Vi) zz 1 . 3 ~  lo5 m/s, 0 - 2 x  lop4 
m3, E=:  7.5. loh, and the value of E is deduced from the drift 
velocity in a transverse magnetic field using the expression 
E = VB. Hence, we found that W, + A W -0.2 J, i.e., on 
going across the region of equality of the pressures there was 
a considerable change in the energy (and time) characteris- 
tics of a plasma bunch. 

Figure 6b shows the results of a determination of the 
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charge spectrum of carbon ions in the absence of a magnetic 
field, carried out using a time-of-flight mass spectrometer." 
It is clear from a comparison of Figs. 6a and 6b that the time 
of arrival of the ion maximum was the same in both cases, 
indicating that a transverse magnetic field had little influ- 
ence on the middle part of the plasma expanding up to the 
region of equality of the pressures, determined by us specifi- 
cally for the middle part of a plasma bunch. Electrons and 
ions in the front and rear parts of the plasma experienced the 
transverse magnetic field over all the expansion paths. This 
was manifested by broadening of the ion distribution and a 
displacement of the highly charged carbon ions with z>5 
from the front (head) to the middle part of the plasma. The 
appearance of a "tail" of low-velocity ions could be due to a 
transverse magnetic field acting on the rear part of the plas- 
ma and by setting in motion, across the magnetic field, low- 
energy ions traveling at large angles from the normal to the 
target in the absence of a magnetic field. Some of the ions 
could also move along a circular orbit without crossing the 
magnetic field. A low-velocity tail was observed right up to 
delay times t, - 10pm and it consisted of ions withz = 1 and 
2. 

Figure 8 shows the dependences of the expansion time 
up to the region of analysis of the ion current maxima, ob- 
tained for different values of the charge z and allowing for 
changes in the laser radiation flux density from @ - 3 X 10" 
W/cm2 (corresponding toB- 1 ) to @ - lo9 W/cm2 (corre- 
sponding to B,< 0.005). The following characteristic fea- 
tures of the change in r,,, were noted. 

1. The expansion time decreased monotonically as z in- 
creased within the range z(4, and it then increased for ions 
of higher charges z> 5. 

FIG. 7. Oscillograms of the ion current to the collectors. B = 0.2 T, 
L = 6.5 cm, @-3X 10"' W/cm2, q, = - 3". 

FIG. 6. Charge spectrum of the carbon ions represented by i, (t)  
for L = 5 cm: a )  B = 0.2 T, @ - 3 x  10"' W/cmZ, q, = - 3", 
high-voltage pulse amplitude - 3 kV, i ( t )  = Zi, ( t )  is the sum 
of the partial currents i, ( t )  under the same experimental condi- 
tions; b) B = 0, @ - 2 x  10"' W/cm2, q, = O'. The experimental 
resultsareplottedforz= 1 ( v ) , z = ~ ( x ) , z = ~  ( A ) , z = 4  
( O ) , z = 5 ( . ) , a n d z = 6 ( A ) .  

2. The time of flight of ions with the same value ofz was 
approximately the same when the laser radiation flux densi- 
ties were ( 1-6) X lo9 W/cm2, provided 0-4 1. . 

3. There was a strong reduction in r,,, for 0- 1 for all 
the charged ions. 

The influence of a transverse magnetic field on the high- 
er charges z,,, = 4 was investigated for @- 1-2 W/cm2 
(Fig. 9). This influence was manifested by broadening of the 
distribution of ions compared with the experiments in the 
absence of a magnetic fieldz2 and the appearance in i, ( t )  of 
maxima which, because of the low laser radiation flux den- 
sity, could not be explained by the recombination processes 
occurring in the plasma. For the sake of comparison, we 
plotted in Fig. 9 the dependence of the current i ( t )  for ions 
with the charge z = 4 in the absence of a magnetic field for 
L = 5 cm when @-2X lo9 W/cm2, in accordance with the 
calculations reported in Ref. 22 (this dependence is shown in 
Fig. 9 by a dashed curve). Our calculations were carried out 
using the expression 

whereas the dependence AN/AE(E) was taken from Ref. 
22. 

In the case of heavy tantalum and bismuth ions we ob- 
served no displacement of the ions with z,,, from the head 

FIG. 8. Expansion time from the target to the region of analysis of the 
maxima of the current representing ions with different charges. B = 0.2 T, 
L = 5 c m , q , =  -3";A)@-3~10"'W/cm';0)@-6~10~W/cm~;~) 
@-4X lo9 W/cm2; A )  @- lo9 W/cm2. 
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FIG. 9. Charge spectrum of carbon ions represented by i, ( t )  for z = I 
( A ) , z = 2  ( @ ) , z = 3  ( A ) , a n d z = 4 ( 0 ) . B = 0 . 2 T , L =  5cm,Q-10' 
W/cm', q, = + 3", and amplitude of high-voltage pulses - 3.9 kV. 

part of a plasma bunch in a magnetic field, at least within the 
limits of the experimental error. This could also be due to a 
wider energy distribution of these ions, compared with the 
distribution of carbon in Ref. 23. Silicon and niobium ions 
with the maximum charge, like carbon ions, were displaced 
out of the head part of a bunch to the middle part. 

3. DISCUSSION OF RESULTS 

Our investigation, carried out at the maximum possible 
(in our experiments) laser radiation flux densities, showed 
that both the spatial distribution of ions with different 
charges in a plasma bunch as well as the energy spectrum of 
ions experienced major changes on application of a trans- 
verse magnetic field. For example, carbon ions with higher 
charges ( Z  = 5, 6), traveling at the maximum expansion 
velocity and located at the front boundary of the plasma in 
the absence of a field, were displaced in a magnetic field to 
the middle part of a plasma bunch during the time of expan- 
sion to the pressure-balance region 8- 1 and this happened 
because of the shift of the energy spectrum of these ions to- 
ward lower energies. Since the ions characterized by z = 1-4 
experienced no significant influence of a magnetic field un- 
der the same conditions, we concluded that the magnetic 
field interacted selectively with the ions, depending on the 
value of z during expansion up to the region where P- 1. 

The observed effect can be explained by splitting the 
whole space traversed by a plasma into two regions charac- 
terized by and P- 1. In the region where the condition 
p> 1 was satisfied (corresponding to the early stage of the 
plasma expansion) the influence of the magnetic field on the 
plasma characteristics could be ignored so that in this region 
one would expect the usual "sequencing" of the plasma ions 
depending on z, resulting in the concentration of the ions 
with the maximum value of z at the head of a plasma 

Expansion of the plasma to P- 1 resulted in ef- 
fective expulsion of the magnetic field from the inner part of 
the plasma because of induction currents flowing at the 
boundary with the magnetic field.27,28 This decelerated the 
front boundary ofthe plasma, which was traveling at a veloc- 
ity governed by the velocity of the ions with the maximum 
value of z.  The mechanism of deceleration of the ions located 
at the front boundary of the plasma was described in suffi- 
cient detail in Ref. 6 .  Ions and electrons located at the front 
and rear boundaries of the plasma were magnetized. In view 
of the large Larmor radius, the ions were driven forward out 
of a plasma bunch, giving rise to an electric field which decel- 
erated the ions. Since the leading group of the ions in a laser 

plasma during the initial stages of the expansion process 
should consist primarily of the ions with the maximum 
charge, these ions were decelerated most strongly and were 
extracted from the head part of the plasma during expansion 
in a transverse magnetic field. In the case of a carbon plasma 
withz,,, g4, a wider energy distribution of the ions resulted 
in a change of the ion velocities on application of a magnetic 
field, which was manifested primarily by the appearance of 
low-velocity tails in the distribution of the ions. The mecha- 
nism of the formation of such low-velocity ions was clearly 
similar to that described above. 

Moreover, a transverse magnetic field could affect the 
charge spectra of ions in a laser plasma at the early stages of 
formation of the velocity distributions in a plasma jet. The 
mass-spectrometric method used in the present study did 
not allow us to determine at what stage of expansion in the 
region p S 1  did multiply charged ions become displaced to 
the middle part of a plasma bunch. 

When the boundary of the plasma reached the pressure 
balance region, the appearance of a magnetohydrodynamic 
instability at this boundary resulted in rapid diffusion of the 
magnetic field into the inner layer.27 The plasma became 
polarized and its further motion across the magnetic field 
was in the form of a drift in crossed electric polarization and 
magnetic fields. l3  

The kinetic energy of a plasma bunch (not only in the 
head part but also in the inner layers) decreased because of 
the energy lost in the formation of the polarization layers. ' "  

The two-bunch spatial structure of the plasma could be 
due to the two spikes in the laser radiation pulses. Laser 
pulses consisting of two spikes were known to create two 
groups of ions differing in respect of their energy"729 and 

characteristics. We did not investigate the influ- 
ence of the laser pulse profile on plasma expansion in a trans- 
verse magnetic field. 

The spatial structure of the plasma could also depend 
on the energy characteristics of the ions. When a plasma 
bunch crossed a region withP- 1 the potential energy of the 
ions in the charged layer could not exceed the initial kinetic 
energy, i.e., qEd < mi V i / 2 ,  was obeyed; here, q is the ion 
charge, d is the width of the bunch, and Vo is the initial 
velocity of the bunch. This condition led30.3' to the restric- 
tion on the width of the bunch d < ri/2, where ri is the Lar- 
mor radius of the ions. In the case of a plasma of considerable 
width this could result3' in splitting of bunches of smaller 
width not exceeding d ' <  r,/2 in each case. Each bunch 
should then drift independently across the magnetic field. In 
the case of carbon ions under the experimental conditions of 
the kind used in Ref. 32 and in our study the average degree 
of ionization was 1~ 3 and the velocity was V,, - lo5 m/s. 
This gave an estimated < 0.8 cm for a magnetic field B = 0.2 
T. In fact, under these experimental conditions we observed 
the formation of two plasma bunches traveling at different 
angles in a transverse magnetic field and the size of each 
bunch did not exceed 0.8 cm. 

In the case of larger masses of the ions the Larmor radi- 
US of the ions is ri a mi V, a (E,A ) ' I 2  a A 'I3 because 
Ei a A 'I3 (Ref. 24). For this reason we did not observe the 
formation of two bunches for silicon targets (as in the case of 
carbon) under our experimental conditions. A bunch con- 
sisting of the silicon ions was spatially inhomogeneous and 
this was manifested by changes in the profile, duration, and 
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amplitude of the ion current pulses recorded by collectors 
from one laser pulse to another. However, the time of arrival 
of the front of the plasma at the collectors located at various 
angles q, was the same for the collectors located at the same 
distance from the target. 

In the case of heavy niobium, tantalum, and bismuth 
ions the Larmor radii in magnetic fields used in our experi- 
ments were considerably longer than for carbon and silicon. 
In the case of plasma of these elements we observed forma- 
tion of just one plasma bunch traveling across a magnetic 
field beyond the pressure balance region. 

The authors regard it as their pleasant duty to thank 
Academician G. N. Flerov for the opportunity to study this 
topic, to Yu. Ts. Oganesyan for his constant interest, and to 
S. B. Bogomolov and A. A. Eropkin for their active help in 
the experiments. 
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