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INTRODUCTION reaching of the optimal relation between the external

At present, several methods of obtaining high€lectric field parameters and the compensating electron
current ion beam, which are based on the use Bgam parameter¢?) defining of the optimal thickness
induction accelerators and are applied to inerti@lf annular beam at which the ion beam is effectively
controlled fusion (ICF) research, are being considere¥fcélerated and at a time is remaining compensated and
[1-3]. To date, kiloampere ion beams with energies dfot losing a stability.
several hundred keV have been produced in high- MATHEMATICAL AND DISCRETE MODEL
current linear induction accelerators (linac) with To describe the collisionless plasma dynamics of
collective focusing [4-6]. The power of the hollow high-beams the set of relativistic Vlasov's equations for the

current ion beam (HHCIB) for I.CF purposes must b istribution functions of particleg‘,(f’,]?,t)) in the
several orders greater, with rather stringen s

requirements on beam brightness. Therefore, WheRisymmetric ((9/39 = 0) cylindrical  geometry
developing a driver for ICF on the basis of a high-_
current linac, it is necessary to investigate a number df = (r,z) has been used for the investigation of the
important physical problem¢1) the formation of high-
current beams in injectof2) the provision of efficient .
magnetic insulation for accelerating gafg8) charge momentum). The self-consistent eIectrE;(r,z) and
compensation of the ion beam in the transport channel 5 ) . . : .
and in the magneto-insulated accelerating gdg}; magnetic B(r,z) fields including in Vlasov's
effective acceleration and stability of the ion beam igquations are determined by the Maxwell's equations,
acce|e|’ating channel; ar‘(&) transport’ focusing’ and the rlght hands of which are defined as the zeroth and
space-time compression of HHCIBs. first moments of the distribution functions. From the set
In linac, the conventional way of Charge ancpf Vlasov's equations can be obtained the set of the
current compensation [7, 8] is inefficient. In [9, 10], &lynamic equations for the particles. The Maxwell's
new mechanism for the neutralization of HHCIBs irequations using the Lorentz gauge

axially —symmetric magneto-insulated gaps wagdijy A+ ¢! od/ot = 0) can be reduced to the wave
proposed. Its physical meaning is that a speciall

injected compensating electron beam drifts through th&yuations for the scala@(r, Z) and vector ;1(7’ Z)
cusp due to self-consistent azimuthal magnetic field a tentials

an electric field caused by a small radial separation The initial velocity of a given sorsy of particles

ion and electron beams. : ' e
. L is defined by the boundary conditions for the
In [11-13], the investigation results of thedistribution functions at 2=0:

acceleration, and the charge and current compensation, ~ _
of HHCIBs in one and two linac cusps are reported/ m_\,u,R,t)Z 5(“,) X5(UZ - %3)5(%) for
These results have shown that both in the presence and
. . ! - A
in the absence of an accelerating electric field, ther» =" i B .
following effects take place(l) charge and current the minimum and maximum beams radii respectively
Compensation of HHCIB in the acce|erating gm’ which define the initial r-coordinates of pal’tlc|es,
stability of the ion beam during times that substantiall;il — —,2 ; ;

) . . =v /4/1=v], v  is a beam velocity. At
exceed the inverse ion Langmuir and Larmor % 5/ s § _ . . y
frequencies. The performed numerical simulations hawé =0, » =7, ) the reflection regime is set. The

also shown that in the drift space between twgarticles exit free from the simulation regionae z, .

acceler'atlng gaps the current gnd c_harge compensalig.e nitial time the particles are absent in modeling
of the ion beam proved to be insufficient because of gion

substantial difference in the electron and ion velocities The set of equations and the initial and boundary
acquired up t(.) the time of the transit Qf. the bea_ onditions for the potentials and distribution functions
through the drift gap. As a result, the positive potenn%re described in detail in [15]

of the self-consistent field in the drift space leads to the The configuration of tHe external magnetic field

spread and deceleration of the ion beam and, i ] _
consequently, to the degradation of the beam brightnel defined by the expressiody, = - B, /k |1( kr) x

The positive space charge in the drift gap can bg cogkz), where /,(kr) is the first order modified
compensated by injecting thermal electrons into it. It _ ) _ o
was shown that a preliminary injection of cold electron§essel function,B; is the amplitude of magnetic field,
permits to eliminate broadening and decelerating an iefhd k = K"/Zz , K is total number of cusps.

beam in the drift gap and to provide its additional The discfete model, which is developed for the

focusing. it et
stud of both relativistic and nonrelativistic
In this work, the investigation directed t(t) y

transient and stationary processes in linac (hgfe

<r<r, andu, >0. Herer, andr, are

min max



axisymmetric plasma configuration, is realized as 2.®onsistent field of the positive charge is suppressed, and
dimensional axisymmetric numerical code. Then additional focusing of ion beam by the negative
calculations were carried out using Pentium-133. space charge of the thermal electrons occur also. As a

Hollow magnetized relativistic electron beamresult the better characteristics of the ion beam can be
(Larmor radiusr,, is substantially smaller than the sizeproduced in linac. o

The preliminary injection of the thermal
electrons into the drift gap upgrades the characteristics
current unmagnetized ion beam (Larmor radiys is of HHCIB. At Fig. 2 the time dependences of the mean

ion beam velocities for three cases are presented.
Vi fe)

of the cuspL_ and the chamber radius ) and high-

more greater[_ and r, ) were injected along-axis. In
all cases the beam current densities were equal to
q.n..V, =q,n,V,. The ion beam velocity was

V. =0.285. The minimum and maximum beams radii
were r_. =30 andr,___=37.5. The size of one cusp and

min max

radius of the chamber werd. =78.5 andr, =157.5
respectively. The amplitude of the external field was
B, =1.76. The massatio wasm/m=100, m=20m,

The number of particles in the cell wa¥/, =64,

0 250 500. 750. 1000.

LW
Fig. 2. Distribution of the mean ion velociy;(t)>:
_ (*) - without thermal injection into accelerating gap;
N, =180. The number of the nodes was equal to " (+) - with injection and without accelerating field:

(J,%J,)=(64%x64). The time step was varied within the (0) - with injection and accelerating field.

range 0.025—0.050); for solving the equations of CONCLUSION
. 4 _ Results of the 2.5-dimensional numerical
motion and 0.0125-0.025w,, when solving the simulation of HHCIB dynamics in two magnet-isolated

wave equations. The parameters of the electron and iBfcelerating gaps separated by the drift gap are
beams have satisfied the condition of the electron bedifesented. With the aim of increasing the ion beam
transport together the ion beam through the magnet@cceleration rate in the two cusps linac we have studied
insulated accelerating gapv(=08+085). The the optimal correlation between an accelerating electric

. L ) field and an electron beam energy. We obtained the
preliminary injection of the thermal electrons with therestriction on the wall thickness of annular HHCIB

Maxwellian distribution function with the temperature, ik ensure the following(1) charge- and current

T, = 0.002 into drift gap was used. compensation is homogeneous on the ion beam cross-
RESULTS OF SIMULATION section; (2) a penetration depth of the accelerating
Further (below) the results of three case§lectric field is considerably greater than the beam wall

distinguished by the potential difference across one cuiickness.

are discussed. The distributions presented in Fig.1 show  This work was partly suppoted by State
that the applied external electric field, which acceleratgoundation  for  Fundamental ~Researches (grant
ions and retards electrons, does not prevent the electrdg-52/38).
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