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A metamagnetic transition may produce in FeCl, regions with nonuniform
magnetization distributions; these regions can lead to a strong decrease of the
magnetic hysteresis compared with that expected theoretically [1]. Such regions
should apparently lead to depolarization of neutrons passing through the sample.
A study of the depolarization can yield information both on the magnitude of the
critical field Hg and on the process of formation of the saturated phase in the

metamagnetic transition.
To investigate the transition with the aid of polarized neutrons, we used
a triaxial spectrometer, on the operating stage of which we mounted a helium

cyrostat with which it was possible to obtain temperatures 1.3 - 4.2°K in the
working volume. .

The magnetic field was produced with superconducting solenoids.

Preliminary experiments performed on polyecrystals [2] indicated that the
metamagnetic transition causes strong depolarization of the neutrons passing
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through such a sample. The critical field obtained in these experiments is
(10.5 + 0.1) kOe.

Subsequent measurements were performed with single-crystal samples. Filgure
1 shows the results of an investigation of the polarization ratio R of the neu-
trons passing through single-crystal FeCl,, as a function of the field H. A
decrease of R corresponds to a decrease of the neutron polarization. The ex-
perimental setup and the sample dimensions are indicated on Fig. 1. Curve 1
is a plot of R = f(H) when the external field increases, and curve 2 when the
magnetic field decreases. R = f(H) for the empty solenoid is represented by
the dashed line 3. Curve U4 describes our "magnetic" measurements of the sample
magnetization and agree well in shape with the results of [1]. The results of
these experiments are presented in relative units and have an illustrative
character. The results of the measurement of R = f{H) at T = 1.3°K are shown
in curve 5. This curve barely differs from curve 1. The experiments reveal a
sharp growth of the depolarization at H = 10.3 kOe. The critical field Hg of

the metamagnetic transition, obtained in these experiments, equals (10.3 + 0.1)
kQe.

The course of the R = f(H) plot can be explained as follows: at the thresh-
old field Hg there are produced spontaneously small regions of the new phase,

and the magnetization of the new phase may not have the same direction as the
field or the neutron polarization. The appearance of such regions leads to
depolarization of the neutrons. With further increase of the magnetic field,
the volume of the regions increases, as does also the neutron depolarization.
The growth of the regions of the new phase continues until they fill the entire
volume of the sample. This instant corresponds to the minimum of R. The sub-
sequent magnetization process consists of rotating the magnetic moments of dif-
ferent regions (domains) to align them in the direction of the external mag-
netic field. The presence of two stages in the sample-magnetization process
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possibly explains why the experimentally determined demagnetizing factor differs
from that calculated from the geometric dimensions of the sample in [1]. The
presence of an inhomogeneous distribution near the saturation state 1is appar-
ently confirmed by observation of slight hysteresis in this range of fields.
This hysteresis is due to the hysteresis of the domain structure.

Measurement of R = f(H) at H < Hg points to the absence of some depolariza-

tion and to the presence of regions with inhomogeneous distribution of the mag-
netic moment. It is possible that such "centers" can be induced by the field
near the metamagnetic transition and they play the role of nuclei of the new
phase in the transition. To study the nature of such "centers," we investi-~
gated R = f(H) with H | [0001], i.e., with the FeCl, single crystal magnetized
in a direction where no metamagnetic transition is observed [3]. The results of
the investigation, the geometry of the experiment, and the sample dimensions are
indlcated in Fig. 2. Curve U corresponds to the polarization ratio of the empty
solenoid. Curve 1 is a plot of R = f(H) (sample in neutron beam) at T = 4.2°K,
and curves 2 and 3 were obtained at T = 1.3°K. It is seen from the results of
this experiment that at a certain H 2 Hg the depolarization increases, and be-

comes larger with decreasing temperature. In the region of 18 kOe, the depolar-
ization reaches its maximum value and remains practically constant up to 24 kOe
at T = 1.3°K. The sharp decreases 1s preceded by several successive minima in
the value of R, which are clearly seen at T = 4.2°K. When the temperature is
reduced to 1.3°K, they become less distinct. The possible cause of such a var-
iation of R may be the periocdic distribution of the magnetic moment inside the
sample in a direction perpendicular to the field H, which can cause spatial

spin resonance [4].

Curve 1 of Fig. 2 is very similar to the results of the investigation of
polycrystalline MnClz. In Fig. 3, curves 1 and 3 are for the empty solenoid,
and curves 2 and 4 for the solenoid with the MnCl, sample. The geometry of the
experiment and the dimensions of the sample are indicated in the figure. Pre-
liminary investigations of single-crystal gave a similar R = f(H) relatlon.

The decrease of the polarization in fields exceeding the field of the spin-flop
transition Hsf =~ 5 kOe, can be attributed to the appearance of a weakly-ferro-

maghetic phase and to formation of domains [5]. Favoring this opinion is the
presence of a transition at a temperature exceeding the Neel temperature
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TN = 1.96°K. A similar phenomenon was observed, for example, in FeF; [6]. In-
vestigation of polycrystalline CoSO4 indicate that the transition to weak ferro-
magnetism causes depolarization of neutrons passing through such a sample.

A1l the foregolng favors the assumption of a possible existence in FeCl,
of a transition to weak ferromagnetism near Hg. Regions with such a magnetic

moment can serve as nuclel of the saturated phase in the metamagnetic transi-
tion.

We are grateful to G.M. Drabkin for constant interest in the work and dis-
cussion, and to G.N. Popova for help with the work.
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Considerable progress has been attained by now in the heating and contain-
ment of plasma by current in Tokamak installations [1]. It is known at the
same time that the efficiency of Joule heating of the plasma decreases with
increasing electron temperature. It therefore becomes vital to solve the prob-
lem of plasma heating with the aid of alternating electromagnetic fields,
especially via excitation of magnetosonic resonance, which ensures penetration
of the field into the plasma and even enhancement of the field [2].

We investigated the excitation of magnetosonic resonance (MSR) in a tor-
0idal plasma with current in the TM1-VCh installation, which comprises a Toka-
mak [3] with major torus radius R = 40 cm, diaphragm radius a = 8 cm, stabiliz-
ing field Hm = 20 kOe, and discharge current Im = 10 kA. The hydrogen pressure

in the chamber was P = (4 - 8) x 10~* Torr. The electron temperature, esti-
mated from the conductivity, was 'I‘e = 70 eV, and the charged-particle density
(determined with a microwave interferometer) was n z 2 X 10'% em™ 3. The mag-
netosonic oscillations at 21 MHz were excited with a narrow coupling loop sur-
rounding the plasma column. The signal was registered with the aid of magnet-
ic probes lying inside the liner in the shadow of the diaphragm. One pickup
was placed at a distance 22 cm away from the central plane of the excitation
loop, outside the section bounded by the diaphragm, and could measure the
local intensity HZ of the HF magnetic field, and another pickup surrounded the

column and the distance between it and the region of the exciter was equal to
half the perimeter of the torus. The main measurements were made under con-
ditions when the absorbed HF power (Pact < 20 kW) was of the same order as
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