Investigation of metamagnetic transition in FeCl, with polarized
neutrons in a wide temperature range
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It was observed in"! that a metamagnetic transition
causes depolarization of polarized neutrons passing
through single-crystal FeCl,. In the present study we
use this phenomenon to investigate the transition in a
wide temperature interval 1.3 < T<90°K and in a wide
range of magnetic fields 1 < H <60 kOe.

The results of experiments with magnetization along
the [0001] axis are shown in Fig. 1. The experimental
setup and the sample dimensions are indicated in the
figure. The sample was an assembly of three single-
crystal plates each 0. 5 mm thick. We used such plates
because their quality, from the point of view of perfec-
tion of the crystal structure, was better than that of
thick samples. We see that the function R =f(H) has a
minimum corresponding to the maximum depolariza-
tion, and that the magnitude of the minimum and its

position in the magnetic field depend on the temperature.

The field at which the depolarization begins does not
depend on the temperature, Taking into account the con-
nection between the depolarization and the magnetic
susceptibility, 21 we can set the position of the depolari-
zation maxima in correspondence with the susceptibility
maxima. It appears therefore that it is more correct

to determine the critical field of the metamagnetic
transition in accord with the minimum of R, The func-
tion H,(T)/H (4. 2) = f(T) = M(T)/M(4. 2) is plotted in Fig,

ut— O S
A
4P=(0720.2]7
/ - 27
1T\ v
¥ [ SIS
upb— %
“‘\69‘\ A I>1%

@1.0cm

49’
P wnjooo)

20 4P=19% % ]\
12.5°
X A

18 A 1 L L L . 1 I} i L L L
0 L H, x0e 20
“.2)
4P - depolarization
.4
2§
11 LT 1
I r3 N . — L+ 1. '7.K—
ST i ra s
2 I .
5 2D 5 H, kOe

FIG. 1. Dependence of the polarization ratio R of a neutron
beam on the value of the magnetic field H (H 11 [0001]) at various
temperatures. A decrease of R corresponds to a decrease of
the polarization P, R(4.2°)=y(H)=R(1.3°).
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2. Our experimental points lie somewhat lower than the
theoretical plot of M(T)/M(4. 2). ®! This difference can
be attributed to the inaccurate determination of H (7',
owing to the large widths of the minima. This method
of determining the critical field H, differs from the
method of 47,

It is seen from Fig. 1 that at 7> 17° the depolariza-
tion of the neutrons vanishes and it can be assumed that
this corresponds to T* of"). The large shift in the
direction of lower temperatures in comparison with Ty
can be attributed to the influence of the magnetoelastic
coupling. Favoring this explanation are the results
of%1 where an anomaly of the thermal-conductivity co-
efficient was observed at 17°K,

The results of an investigation with magnetization in
the perpendicular direction are shown in Fig. 3. A
characteristic feature of R =f(H) is the small depolariza-
tion at H <10 kQOe, pointing to the presence of a mag-
netic moment with components perpendicular to the
magnetic field, and of a unique domain structure with
magnetization parallel and antiparallel to {0001]. The
nonmonotonic variation of R(H) near the rapid decrease
can be attributed here to spatial spin resonance®®’ on
the domain structure, transverse to the field, of the
entire sample or of part of the sample. From the rela-
tion mv/6=y4H,, where 6 is the dimension of the domain
and y, is the gyromagnetic ratio of the neutron, we get
the estimate 6~0,01 cm.

A possible cause of the appearance of the magnetic
moment may be imperfections of the crystal, which
produce an anisotropic stress field in the volume of the
crystal, These stresses give rise to a magnetic mo-
ment analogous to the longitudinal weak ferromagnetic
moment, Favoring this analogy are the results of ex-
periments at temperatures above the Néel temperature
Ty. 1t turns out that states with inhomogeneous distri-
bution of the magnetization can arise in a magnetic
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FIG. 2. Temperature dependence of the critical field H, and of
the sublattice magnetization M. H(T) and M(T) are normalized
to the values at T=4,2°K. Curve l—present results for H{T)/

H.(4,2), 2—results ofl!], 3—theoretical plot of M(T)/M(4.2).13]
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FIG. 3. Dependence of R on the magnetic field H1[0001] at
various temperatures.

field, and these states cause depolarization of the
neutrons up to 80°K,

Another characteristic feature of the results shown
in Fig. 3 is the presence of a sharp decrease of R at
H>10 kOe, which takes place only at 7 <17°K. The de-
crease of R at H> 10 kOe can be due to disturbance of
the stability of the domain structure parallel to [0001],
and to a transition to a state with arbitrary orientation
of the magnetic moment in the plane perpendicular to
H, The latter structure is stable in fields 20 < H <60
kOe at 4, 2°K. Assuming that at H> 10 kOe the domain
dimension remains essentially unchanged (6~0.01 ¢m),

and that the orientation of the magnetic moment
changes, we can use the formula'”!

<4nMy >?
P=P e 47 + 8d

v?

to estimate the magnetic moment M, perpendicular to
H,

At P~1 and P,~1 we obtain AP=P;- P <1.

AP 1 y: <4rrMi->2 sd<< 1
2 2

v

is the change of the polarization,
Taking AP=6, 3% from Fig. 3, we obtain M, ~6 g/cm?,

The domain structure can provide magnetization-
reversal centers in the metamagnetic transition and
alter the dynamics of this transition substantially.
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