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Comparison of the data obtained in [1,2] shows that the efficiency of heating of plasma
ions by cyclotron resonance is greatly enhanced with increasing temperature Te of the elec-
tronic component of the plasma. In this paper we report results of an experimental investiga-
tion of the properties of a dense plasma with preheated electrons in the ion cyclotron reso-
nance region. The experiments were made in a magnetic mirror trap. The electrons were
heated by a direct turbulent discharge. The main parameters of the apparatus and the method
of producing the plasma with the hot electrons were described earlier in [3]. At the instant
when the heating of the electrons was terminated, and at an initial hydrogen pressure 4 x 107*
mm Hg, a plasma with energy density nT_ =5 x 101® ev/cm® (ne ~ L4 x 103 em”3, T, ~ 1 keV) was
produced in a quartz chamber 100 cm long and 10 cm in diameter, with diaphragms of 7.0 cm
diameter to limit the diameter of the current pinch. ”rmm

Figure 1 shows the time dependences of nTe, aeig”
obtained from the measurements of the diamagnetic ;
effect in the plasma, for mirror ratios B = 1.k, f
2.7, and 4.3, 3

The nTe decay is exponential, the kink on 2

the obtained curves corresponds to the termination

of the discharge current, and the increased rate of %%E
nTe decay when the current passes through the plas- 452
me is apparently connected with the presence of 44L \ L !

anomalous diffusion. 0 2 4 60 &0 10 120 #0tyusec

In the first part of the investigation, the Fig. 1. Plasma decay at different trap

cyclotron absorption of the energy of the probing mirror ratios: B = 4.3, T = 160 usec;
high frequency fields was used to measure the Es:c2.7’ T = 60 psec; B o= 1.bk, T =38

parameters of the ionic component of the plasma. The rapidly alternating field needed to
excite the ion cyclotron wave was produced with the aid of four-section Stix coils [1] with a

spatial period 2n = 40 cm, placed in the homogeneous part of the magnetic field BO of the
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trap. The coil, in turn, was an element of the tank circuit of a 200-W high-frequency oscil-
lator operating at f, = 7.12 MHz. To increase the efficiency of wave dissipation, a "magnetic
beach” [1] could be produced in the trap.
Figure 2 shows plots of the high-energy power W absorbed from the tank circuit at dif-
1 ) ferent values of BO, taken at 30 psec time intervals At
starting with the instant of turning on the direct dis-

charge. Characteristic features of the obtained curves

-

are: the presence of a narrow absorption region at

95 z BC = 4.75 kOe, corresponding to the condition of single-
particle resonance for hydrogen atoms, and of absorption

7 bands at B > Bc connected with ionic c¢yclotron wave gen-
eration. Inasmuch as under the experimental conditions

1 L

7 74KK0e the half-width of the experimental curves at B = B_ was

) . ! L

42 46 5 54 38 62

<l

Fig. 2. High-frequency power independent of the initial density of the neutral

from generator with fy = 7.12 particles and of the plasma density, it could be assumed
MHz, absorbed by the plasma at

different values of the magnetic
field By. 1I) At = 30 psec, IT) longitudinal component of the ionm temperature from the
Ot = 60 usec, III) At = 90 usec.

that the plasma was collisionless, and we calculated the

form of the absorption curves in accord with the theory
[1]. Suitable processing of the experimental absorption curves in the B = Bc region shows

that during the first 100 - 120 psec of the plasma decay the value of T' varies little and

its order of magnitude is 100 eV, i.e., as assumed, Te > Ti after the cémpletion of the tur-
bulent heating. The position of the absorption maximum W(BO) (Fig. 2) in the region B > B,
which corresponds to resonant excitation of a cyclotron wave with wavelength A = 20 em [1],
enables us to measure the ion concentration ni(t). In Fig. 1, besides plots of nT = f(t),

we present a plot of ni(t) obtained by this method for the particular mirror ratio g = 2.2.

We see that the decay constant of nT at B = 2.7 is close to T for ni(t) at B = 2.2. Con-
sidering that n, = ni, this offers evidence in favor of the mechanism whereby the decrease of
nTe with time is connected with escape of the particles from the trap while their temperatures
Te remain constant.

Mention should be made of one peculiarity of the curves of Fig. 2, in that a series of
absorption maxima (curve III) is observed when B > Bc. This is apparently connected with the
generation of higher spatial harmonics of the cyclotron wave.

In the second part of the work we attempted to heat the ions under the conditions of
the experiment. The heating was with a short packet of powerful damped electromagnetic field
oscillations, which generated in the plasma a rapidly dissipating cyclotron wave of large am-

plitude. The exciting field was produced by a shock circuit with capacitance C, ~ 50,000 and

0]
stored energy Q ~ 10 - 12 J, at a frequency 2.3 MHz. With the intrinsic Q of the circuit of
the order of 50, the time necessary for complete discharge of the system was always much
shorter than the decay constant t of the plasma. With that, unlike in [1,2], the plasma

heating is independent of the mechanism retaining the particles in the trap and can be in-
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vestigated in pure form.
Figure 3 shows an oscillogram of the variation of the magnetic flux in the plasma,

8B ~ n(Te + Ti)’ when the direct-discharge current, used to heat the electrons (Te > Ti)’ and

Fig. 3. Oscillograms of the diamagnetic effect in a plasma for successive
operation of the direct discharge and of the shock excitation circuit.

the shock-excitation circuit for cyclotron heating of the ions are operated in succession.
The circuit was operated at values of B corresponding to the generation of a cyclotron wave
of maximum amplitude. In accordance with the measurements, nT, ~ 2 x 102 ev/em®, n ~ 2

x 1013, and Te ~ 1 keV at the instant of operation of the shock-excitation circuit. At the
instant when the ion heating ends, n(‘I‘e + Ti) ~ k4 x 10%® evV/cm® and we can expect T, ~ Ty

~ 1 keV. Actually, the experimentally obtained 6Bi(B) plot (the amplitude of the second peak
of the oscillogram of Fig. 3) has a clearly pronounced resonant character, similar to the
case shown in Fig. 2. It follows therefore that the amplitude of the second peak of the dia-
magnetic signal is connected only with ion heating. The fraction of the energy transferred
to the plasma, determined from measurements of the damping decrement of the shock circuit,
also has a resonant character and is equal to 7 - 8 J at maximum absorption, corresponding

at a total particle number on the order of 5 x 1016, to an average energy & of the order of
1 keV per ion, Jjust as in the case of the diamagnetic measurements.

An estimate of the value of T' from the half-width of the absorption curves yields

I

T” ~ 300 eV, from which we also get, assuming an equilibrium state in the plasma, & ~ 5T”
~ 1 keV.

It is characteristic, unlike in experiments with a cold-electron plasma [1], that
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under the conditions of our experiments the decay time of a plasma with Te ~ Ti ~ 1 keV dif-
fers only slightly from the case Te >> Ti'
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Errata

Article by L. V. Dubovoi et al., Vol. 4, No. 10, p. 26k&.

The abscissas of Fig. 2 represent BO in koOe.





