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A dislocation in an alkali-halide crystal or a semiconductor is not merely the end of
an excess plane in a lattice, but a chain of uncompnsated spins. This raises the question of
the magnetic properties of such a system. We consider this question mainly as applied to
semiconductors. Obviously, the neighboring uncompensated spins on dislocations, spaced LA
apart, interact weakly, and this leads to magnetic ordering along the line at zero temperature.
At T # 0, the average length & of the section of dislocation on which the spins are ordered is
proportional to I/T, where I is the overlap integral, or to exp(Il/T), where Il is the aniso-
tropy constant. The unit length is taken to be the lattice constant. According to Read [1]1,
the uncompensated spins on a dislocation can capture a free electron like acceptors with deep
levels (v0.2 eV). Therefore there is always a number of charges on the dislocation. Their
number is determined by the concentrations Nd and Na of the donor and acceptor impurities if
Nd - Na is small, or by the balance of the energies of the acceptor dislocation traps and the
Coulomb repulsion in the case of a sufficiently large Nd - Na 2 lOlh cm-3. In the latter case,
there is approximately one charge for each ten sites on the dislocation. It is important that
in both cases the Coulomb interaction causes the charges to be arranged on the dislocation
equidistantly with high accuracy. The estimated deviation Am/m from equidistant arrangement

in the case of silicon is
Am/m & 107 Tm/1n(ad), (1)

where N is the dislocation density, m the average distance between charges, and T the tempe~
rature in degrees Kelvin.

In those sites where the charges have settled, the coupling between the neighboring
spins on the dislocations are appreciably weakened. We assume as a rough approximation
that these couplings vanish. If & >> m, the spins on the section between the charges are
ordered with an overwhelming probability, whereas the neighboring sections are independent
even at low temperatures. In such a chain, the wave vectors of the excited spin waves assume
discrete values, just as in a string of finite lemgth: k = mo/m (n =0, 1, 2,...). The
oscillation spectrum depends on the character of the ordering. In the ferromagnetic case the
frequencies are determined by the formula

- 2
ﬁwn = g + Jkn, (2)
where H is the magnetic field and J and g are constants. In the antiferromagnetic case we have

2142, (3)

In their experiment, Grazhulis and Osip'yan [2] observed a fine structure of the para-

fu = [(g1)® + (Jk,

magnetic resconance line in plasﬁically—deformed silicon; this structure is probably connected
with excitation of spin waves. Unfortunately, the experimental data were obtained with a

sample having all possible dislocation orientations, making a comparison with formulas (2)
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and (3) difficult.

The structure of the spectrum should depend significantly on the impurity concentration
or the free-carrier concentration, if it is due to the spin vibrations of the "strings,” The
line widths are determined mainly by the scatter of the lengths (see formula (1)) or by the
intrinsic damping of the spin waves y ~ Jki (cf., e.g., [3]) if the scatter of the lengths is
small,

Finally, when the temperature rises the number of fluctuation spin flips increases, and
this leads to a line broadening on the order of J knexp(-Jl/T) (under the condition that
knexp(Jl/T) > 1).

Assuming that the EPR line structure observed in [2] is connected with standing spin

1

waves, we obtain for I a value "100°K and k 1073, This means that approximately 1073 of
the total number of free valence bonds are filled, in agreement with the independently meas-
ured impurity and dislocation concentrations. The experiment of [2] was performed at very
low impurity concentrations. By increasing the number of impurities one can arrive at

Read's case, where the bond filling coefficient is approximately equal to 0.1. In this cas

~ I

the spectrum lies in the infrared region (with the exception, of course, of the line kn =0).
We note that the charges on the dislocation line break the three-dimensiocnal grid of

coupled spins and prevent occurrence of "dislocation" ferromagnetism (Sharp and Avery [U4],

Kosevich and Shklovskii [5]).
I thank A. I. Larkin for a valuable remark.
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l. This paper is devoted to an analysis demonstrating the possibility of existence of a
long-lived bound state of a neutron in matter. Such a state arises under certain conditions
in an irregular medium at low temperature as a result of ordinary nuclear interaction when
the collective effects of the medium are taken into account.

The direct impetus for the analysis was the reported [1] experimental observation of
neutrons emitted with a delay on the order of several times ten seconds (after the cessation
of the neutron exposure) from a previously irradiated LiF crystal at helium temperature. The
authors start from the premise that this effect is due %o the appearance of a bound state of
the neutron with the electron of an F-center due to a Foldy-type interaction. Howevér, even
a cursory analysis shows that this interaction is very weak, and is at any rate small compared

with the magnetic interaction of the neutron with the spin and orbital electron current. But
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