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Fig, 2

From the point of view of the MPM,
three types of diagrams are important in
our case (see Fig. 2). Diagrams 2a and
2b describe “true" peripheral production
of a proton and pilon, the contribution of
diagram 2a beling decisive in this case.
Figure 3 (curve 1) shows the correlation
due to the peripheral production of the
proton and pion.

Diagram 2c¢ describes resonant pro-
duction of a proton and pion. Figure 3.
(curves 2 and 3) shows the correlations
due to the 1236 and 1920 isobars, re-
spectively. These correlations were cal-
culated using the results and technique
of [3]. We see that in the case of reso-
nant production we can obtain an "inverse" asymmetry in the N(¢) distribution.
Curve 4 of Fig. 3 describes the summary correlation for the diagrams of Fig. 2
and agrees well with experiment.
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Fig. 3

We note that a similar analysis in the plonization model leads to disagree-
ment between theory and experiment.

Further experimental verification of the predictions of the multiperipheral
model are of considerable interest.

The author thanks A.B. Kaidalov for useful discussions and D.V. Volkov for
interest in the work.
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As shown by Borovik-Romanov [1], Dzyaloshinskii [2], and later by Treves
[3] and Moriya [4], spin-orbit interaction, together with indirect exchange, is
the cause of the weak ferromagnetism of magnetodielectrics having a definite
crystal-lattice symmetry. The spin-orbit interaction leads in this case to
small devlations of the magnetic moments of the sublattices from the direction
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of the antiferromagnetism vector, and this causes a weak spontaneous magnetiza-
tion.

Calculations performed by us have shown that the spin-orbit interaction in
metals also causes small changes in the absolute value of the spontaneous-
magnetlzation vector when the latter is rotated relative to the crystal-lattice
axes, although the internal mechanism of the phenomenon is somewhat different
than in the indicated ferrodielectrics. Namely, rotation of the resultant mag-
netic moment relative to the crystal-lattice axes, owing to the spin-orbit inter-
action, changes the populations of the energy bands, particularly bands with
opposite spin directions, and this leads to anisotropy of the spontaneous mag-
netization.

The spontaneous-magnetization anisotropy was first observed experimentally
by Aubert [5] and later studied by Aubert and Escudier [6]. As noted in [57,
the model proposed by Callen and Callen [7] cannot explain the existence of the
anisotropy of the spontaneous magnetization in nickel single crystals at low
temperatures,

In the present study, the anisotropy of the spontaneous maghetization of
nickel was determined on the basis of the band theory. The calculation was per-
formed by the same method as our earlier calculation of the magnetic anisotropy
of the energy (see [8, 9]). The ferromagnetic crystal was described by the ap-
proximate Hamiltonian

-

A ",‘2 1
p A otV Yk

2mic

A e p
S3lVV L  Bl- ——H (25 + £), (1)

2me

where H is the magnetic fileld intensity and & the operator of the orbital mo-
mentum, while the remaining notation is the same as in formulas (1) - (3) of our
article [8]. Using the method of Helborn and Sondheimer [10], we obtain for

the spontaneous magnetization

A
_e (26+£)|n9klai>1 (2)

2mc

N
M(ai) = ——zfd?’rfiEn(k, ai)]< n, k, (li
ﬂ n

where N is the number of unit cells of the crystal, 2 the volume of the Bril-
louin zone, o5 the direction cosines of the magnetization vectors relative to

the axes of the cubic lattice, and f is the Fermi distribution function. The sum
over nis taken over the eigenvalues In, k, 0> of the operator }€ in the absence

of a magnetic field, and En(k, ai) are the corresponding energy eigenvalues,

Just as in the calculation of the anisotropy of the free energy, we must take
into account here the redistribution of the free and occupied states near the
Fermi levels as a function of the magnetization direction. To determine the
eigenvalues and eigenfunctions of the Hamiltonian M , we used the method de-
seribed in [11]. The numerical calculations of M were made with the same band-
structure parameters as in the earlier calculation of the anisotropy constant in
[8], i.e., on the basls of a band structure that agrees with the experimental
data on the de Haas -~ van Alphen effect. The constant spin-orbit interaction
was assumed to have the value £gq = 7.5 X 10-%Ry determined in [12].

The value obtained for the orbital part of the magnetization of nickel is
Mp = 4,77-10"?pg/un.cell (3)
and agrees well with the experimental values

Me = (5,07&0,27) . 10—2ﬂ5/un'cell and Me = 5'3- 10'34L8/un.cell
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obta%ned in [13] and [14], respectively. This shows that the orbital momentum
of nickel would be completely quenched were it not for the influence of the
spin-orblt interaction.

The anisotropic part of the maghetization AMan = M(111) - M(100) receives
contributions from both the spin and the orbital momentum.

For the anisotropic parts of the spin (AMc)an and orbital (AMz)an magneti-
zations of nuckel, we obtained the theoretical values

(AMg)an = 159:107ug /un.cells (AMp),, = 4,191075u5/un.cell (%)

and for the relative value of the anisotropic resultant magnetization we ob-
tained

= . -4
AM_ /M = 082104, (5)

The obtained value AMy,/M 1s 1n satisfactory agreement with the experimental
value M /M = 1.92 x 107" of Aubert and Escudier [5].

It should be noted that the agreement between the theoretical and experi-
mental values of AMan/M improves when the volume of the pockets of the fourth

subband, with downward spins, surrounding the points X of the Brillouln zone is
decreased, i.e., when our band structure comes closer to the band structure pro-
posed by Zornberg [15] (also on the basis of experimental data). We note also
that, just as in the case of the energy anisotropy, noticeable contributions are
made to the spontaneous-magnetization anisotropy only by the Brillouin-zone re-
~gions in which degenerate or guasidegenerate states exlist near the Fermli level
when the spin-orbit interaction is turned off.
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