(E' - E) > 2E6. These data point out the important fact that the neutron scattering is quasi-
elastic near the phase transition point. It is interesting to note that a direct determina-
tion of such a change in the scattered-neutron energy is beyond the capabilities of modern
experimental techniques.

We are grateful to §. V. Maleev for valuable advice and an opportunity to become ac-
quainted with the results of 6] prior to publication, and to D. M. Kaminker for interest in

the work and a discussion of the results.
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Drabkin et al. {1 investigated the scattering of neutrons in nickel at temperatures
close to the Curie temperature. We consider in this note the question of the information that
can be derived from experiments of this kind.

Using standard methods (see [2]) we can represent the scattering and polarization cross

sections in the form

S0 = 20y + [1 - (3210 + 2(F,- ) (-8)s,
do -, _ —>.—» - _ ->.-> - (l)
~naET P(q, w) = -2(e-m)e Qz - 2(e Po)e Q1

- Byl - (8@)2] + 2[(F,- ) @-2) - (F,-m 103 - (em)E])a-

The guantities Qi are connected with the atomic-spin correlator as follows:

' i - - o - O 0
22 B oL Jas expri(wt/erf(qm.<q><sl(t)exp(-iq-m:(“sf.(mexp(lq-mt ©,
e
(2)

= ax(§,)8, + Qe(e)mmy - 1a(G0)e g m + Qi(d0).
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The notation in (1) and (2) is the same as in [2]; w=E' - E. Formula (2) is based on sym-
metry considerations and is valid only for cubic crystals. Q&ﬁ has the following property:
It (a e) = 0, the a Qaﬁa = 0., The magnetic-scattering amplitude contains only the atomic-
spin components perpendicular to e, and therefore Q&B does not enter in (1).

Of course, Qa = 0 in antiferromagnets with two equivalent sublattices. Formulas (1) and
{2) are valid only for substances with one or two magnetic sublattices, and in the latter case
the atomic spins should be directed along one straight line. The interference between the
magnetic and nuclear scattering will not be considered since it is present only in the case of
elastic scattering and scattering with absorption and emission of phonons, and is of no im-

3,41y

We can determine Qs by investigating the polarization arising when unpolarized neutrons

portance to us (it is discussed in greater detail in

are scattered, and we can determine Q; and Qp by comparing, say, the cross section for scat-
tering of unpolarized neutrons in two planes, in which (g-ﬁ) = 0 and (e.m) # O.

Near the Curie temperature the quantities Qo and Qz should be small (Qe,s = 0 when
T > TC) and can be neglected. The scattering is then independent of the magnetization state
of the sample.

In investigation of phase transitions we are interested in scattering with low energy
transfer and with momentum transfer that differs little from the reciprocal lattice vector ?
multiplied by 2n. If T £ 0, then P~ -?(?-?6)1'2 and the polarization of the scattered pro-
tons contains practically no information on the scatterer. However, if T = O then the situa-
tion changes. ILet us direct the x axis along the momentum 5 of the incident neutrons, and the
y axis along the scattered-neutron momentum component perpendicular to 3. Then, if w << E and

6 << 1, we obtain
- W - - we 2 -1
P(q,0) = -(5 Boy * OPy) (5g €4 + 6) (g + 0°) (3)

where €y ¥ are unit vectors in the directions of the coordinate axes.
3
We are interested in the region of very small w, in which measurement of the energy de-
pendence of the cross section is practically impossible. The experimentally determined polar-

ization is then connected with ?(E,w) and the scattering cross section in the following manner

B0) = Jan @) i (fu i)™ ()

Let us consider two cases:
1. ? = P 3 . Here:

0 0™x
(1) -1 J[ w? 2yt
P, (0) = -PyQ1%(6)[dwQy(q,w) WP/HER (pp— + 6%)
" _1 (5)
3(,1)(6> = - OQII(G)Qfdel(q,w) W/2E (g2 + 6%)
2. ?5 = POZ&’ Here:

(o) = 51 o),
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2 (0) —-0%2,03 () [a0 Qa(am) (e + 027, ©)

Q1(6) =\/&w Qa(q,w).

We note further that P§2) + Pil) = -P. .
Investigation of the quantities Pil) and P§2) makes it possible to determine the temper-
atures at which the energy transfer becomes comparable with 2E8, and an investigation of P(l)

shows the extent to which the cross section with w > 0 differs from that with w < 0. Y

It must be noted that both the scattering considered above and nuclear scattering will
contribute to the observed cross section and polarization, as will also the scattering by con-
duction electrons, which in our case can be quite large. The corresponding terms should,
generally speaking, be added to expression (4). However, the two latter types of scattering
should not change noticeably in the region of temperatures of interest to us.

A detailed discussion of polarization effects in scattering of this type is found in a
paper by Ginzburg and the author [5].

Let us make one more remarks. The thermodynamic potential of a magnet can be repre-
sented in the form &(T,M) = @o(T) + ®,(T,M), where 9,(T,0) = 0. Here M is the spontaneous
magnetization of the sublattice.

Assuming only simple exchange interaction between the atomic spins, we have:
- -, =2 - ->
05(T) ~fdw da 3(2) o/p' IF(Q) ] (Qalg,w) + 3] (q,w)].

Here J(a) is the Fourier component of the exchange integral, and Q;a(a,w) = Q&m(a’w) when

M = 0. Apparently it follows from experiment [1] that do/dQ = 2Q;(8) is singular when T - TC.
It this is the case, then we should expect the thermodynamic potential ¢O(T) to be like-

wise singular when T - TC’ provided the singularity in Q; is not cancelled by the singularity

which enters in Q;m.

In conclusion, the author thanks G. M. Drabkin for a preprint of [l].
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