


The diffraction technique in the magnon studies by means of
neutron scattering is already known for many years ./ 1/ . It was
extensively employed in the studies of all magnetic substances:
ferro-, antiferro- and ferrimagnets, The purpose of this paper is
to propose a versien of this technique which could be particularly
interesting when combined with a pulsed neutron sourse [PNS/. It
will be shown that when magnon disper\sion relation is quadratic
then the neutron scattering at a given angle is strictly confined
to a certain range of incoming and scattered neutron wavelengths,
The implication of thisfact is that different experimental arrangments
may be used for the studies of maghons without energy analysic,

Let -l: and l? denote the scattering and primary neut-
ron WaveveCtOPS,respectlvely. Neutrons scattered with magnon
creation or magnon annihilation satisfy the momentum and energy

conservation laws:
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where q is the magnon wavevector, Eo is the energy gap in
the magnon dispersion law, € = + 1, where the upper sign

refers to the magnon annihilation and the lower one to the magnon
creation. The geometry of the experiment is shown in Fig,. 1.
Neutrons impinging at a given angle (90° - 05 ) in respect to
the crystal axis are analyzed along the direction given by the
chosen scattering angle ¢ .

Let us write
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where k| is perpendicular to the scattering plane, With the
following abbreviations
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the solution of eq. (1) in respect to § gives the equation of the
scattering surface:
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This equation describes an ellipsoid centered at
=0
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The ellipsoid is real when
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The vertical cross section of the ellipsoid (4) is a circle with

the “fadius l, Ao
&
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It is seen that the radius (7) changes continuously with ¢ , and

6, . Thisforms the basis of the first experiment which was

performed by Riste et al /2/ In this experiment the angle ¢ was
kept constant and the vertical cross section of the ellipsoid was
studied for different fg . The change of the radius (7) with
6, leads to the value of a .
It follows from eq. (6) that forl given ¢ >20; onec observes

the scattering with a magnon annihilation ( € = ﬁ'l) only, while



magnon creation is obtained for ¢ < 268y . For example, when

@, = O (no energy gap) the condition of occurrence of the
unique scattering with magnon annihilation is
(8)

l1—a sin (¢ —203)sin¢ <0

while :
1 +a sin(¢p -26_) sin ¢ <0 (8a)

stands for the scattering in which a magnon can only be created,

Some additional restrictions arise from the requirement that
x and y must be positive; e.g. in the case of magnon annihi-

lation it leads to the inequality
1< a cos® (& -20,)< a coszoB— 1 (8b)
Since the «a values are normally of the order of 100, the
fulfilment of this condition is not difficult. As an example, Figs 2
and 3 show the scattering surfaces for the annihilation and
creation cases, respectively (in the plane of the experiment).

After introducing some further abbreviations;

Ax =x =x_. Ay =y —vo (92)
and
(ea-1)°R
A = f e 2 .
yO v a2sin2¢_l ()b)

eq. (4) reduces to the simpler form:
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from which the tangential points (dy/dx = 0) on the scattering sur-
face are the following:
€a cos ¢

X =X, + —————r Ay

2 0 - €a -1 0 (11

Yia = Yo * Ay,

From these considerations it is seen that the magnon studies
without direct energy analysis can be carried out by the following
methods:

1, When a steady neutron source is used one may fix the
ocounter and the sample at given positions and change continuously
the incoming neutron wavelength, The width of the peak observed
will be given by Y, = ¥ F')_N" The same can also be done for the
inverted geometry where the sample is exposed to a "white beam"

and the scattered neutron wavelength is scanned,

2. In the case when PNS is used the situation becomes more
complicated, For any point on the scattering surface the total time

of flight (in microseconds) is

1588 L, L,
= ( + ) ’ 5
Lk | x y
where L, and 'L, are the neutron flight paths (in meters) from

the source to the sample and from the sample to the counter, res-
pectively. Therefore the width of the peak observed, AT , is
determined by the condition dT/dx = O (or dT/dy = 0) and not
dyf/dx = 0 sy Or dx/dy = 0, as in the case of the experiments dis --
cussed in the point lx.

x)

It can be proved that the solutions of the equation dT/dx = O
lie between the solutions of the equations dy/dx = 0 and dx/dy = 0
which can be found analytically,
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The roots of the equation dT/dx = 0 must be found numeri-
cally for any particular experimental arrangement, The advantages
of the experiment with PNS may, however, compensate for this
difficulty, These are the following, Because Xx and vy are

some functions of the dispersion parameters a and a one

0 )
sees that in order to find them it is enough to study the change
of © AT as a function of ‘Ll and L, . This may be
realized for example by means of changing the distance between
the sample and the counter. The constant geometry of the experi-
ment is then kept, and this can facilitate the studies of ¢ and a
as funclions of different external fields. Information on a and a,
can, in ardition, be obtained by studying the magnon width versus
scattering angle ¢ or 01; .

If the resolution of the time-of-flight spectrometer was infinite,

then sharp maxima should be observed on the intensity versus
time —of ~flicht curve, These would correspond to the points (% .
v, Jand ( xy. v, ). The invariably finite resolution will,
however, spread out the singularities in the expression for the
neutron cross section. In Figs 4 and 5 the widths of the magnon
peaks for different sets of OB and ¢ are presented, Ve
note that in a certain region of ¢ the peak width increases
almost lineary with ¢ for the magngn annihilation case,The slope of this
line is approximately inversely proportional to the square root of a .

In Pig. 6 the calculated shapes of the magnon lines are

(@]

presented for 0y = 8 and a = 233, aq = O,

., = 13m, L, = 2.2 m In the course of calculations, an
infinite resolution of the instrument was assumed, For the same
set of parameters, the dependence of the total intensity on

|¢-26] is shown, One can clearly see the following: (a) the shape



of the magnon peak is rather irregular; so the peak half width,
which is normally such a convenient parameter, can be not so
good experimental parameter to be compared with theory. It
can be proposed to use the first and the second moments of the
intensity curve in the analysis of the experimental results; (b) the
total intensity drops rapidly with|¢ - 26, | what can be expec-
ted from the positions of the scattering surfaces (see Figs 2 and 3).
The part of the ellipsoid which lies élose to the y=x line gives rise
to the neutron scattering on long wavelength magnons, Therefore
this part gives the main contribution to the scattered intensity,
because of the high population of the magnon states, Because in
the caseof @ magnon creation the accessible range of the magiion
vave vectors expands more rapidly than in the annihila}tion case,
the sharper drop of intensity in the former case is not Lmexpected.
On the other hand, even for quite large values of | ¢ -20, |
the main contribution to the intensity comes from the long wave-~
length magnons, This situation can be convenient in the experimen-
tal determination of a distortion of the quadratic dispersion law
which should be present e,g, in the case of adipole-dipole interac-
tion, '

Ending this paper, 1 would like to give my thanks to Dr,
A. Holas for much advice in computational problems and to the
staff of the Laboratory II of the Institute of. Nuclear Research

at Swierk for many interesting and stimulating discussions.
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Fig. 1. The geometry of the experiment, The scattering surface is
drawn for magnons satisfying the quadratic dispersion relation with

a = 100, a, =0, GB = 150, ¢ = 40°, ¢ = + 1,
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Fig, 2, The scattering surface (in the plane of the experiment) for
a = 233, a, =0, GB = 8° and e = 20° (magnon
annihilation case),
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Fig. 3. The scattering surface (in the plahe of the ekperiment) for
a = 233, a, = O, 6, = 89 and ¢ = 89°magnon crea-
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tion case).
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Fig. 4. The dependence of the magnon line width on the scatterirw
= 0, b, = 13m,

angle for various 065 a = 233, uyg
L, = 22m o
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Fig. 5. The dependence of the magnon line width
on the scattering angle for various a OB'
L = L
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(in arbitrary units)
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Fig, 6. Intensity distributions (in arbitrry units) for

ao = O, g = 89, Ly = 13m, L, 2,2 m and diffe~
rent ¢ + The right hand side edges of the subsequent peaks
(from the left) correspond to the following times of flight: 6000
# sec, 6728 ¥ sec, 7435 psec and 8190 ¥ sec,

the channel width is 8 sec and the number of chann
on the horizontal axis,

a - 233,

respectively;
els is shown
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Fig. 7. The total intensity dependence .on the | ¢ - 265 | calcula-

ted for « = 233, a, =0, 6, = 89
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