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1, Introduction

In the last years the properiies of magnetic excitations at
surfaces of crystals with magne'tic‘ order, shortly surface
magnons (SM), have been considered. These SM are caused
either by the surface anisotropy / 1/, or by change of the
exchange energy at the surface / 2/, or they are of magnetostatic
nature / 3/ Generally, the dispersion relation, of SM follows from'
the dispersion relation of bulk modes (BM) allowing 1magmary
values for the component of momentum in _the normal direction
of the surface ( z - direction),

ko Li/0). , (D

Here A is the damping length of SM in Z -direction, Kt _
describes the other components of k . For the dispersion
relation then we get with usual approximations /4] the form

M (k) =2gp HT 4D (KR ~1/0%), (2)

( H® is the external field and D the stiffness constant of BM).
For by “equations follow from the boundary conditions at the
surface, which vield only a discrete set of A -values. These
- sets are distinctive for each type of SM, see e.g. (12) The

order of magnitude is As10, ., . 100 N .



.

Although the SM are theoretically studied in many papers,
they have been found experimentally at present only in a single
case, using' FMR /5], This fact is in contrast to other surface
modes, e.g. plasmons or electrons, which are experimentally
studied wvery broad. Therefore, in this paper we try to discuss
the possibilities of observation using inelastic neutron Scat.i:ering.

2, Thin lavers

The usual bulk scattering does not grield a contribution
of the SM, since these exist only in a small layer of width A
at the surface and show only a two-dimensional variety (we
have only few values A )., Therefore we must choose other
conditions, as shows a simple discussion of the cross section.
Taking into account only l-magnon-processes the cross section
of BM has the form 14/
a2 o BM :
——— =A.L. B(co co Mk&)) B (k-k) - (3)
dQdE”’ :
( L -width of crystal in ~ z -direction, mllM(k) and k -
energy and quasi-impulse of BM, o and K —energy and
momentum transfer of neutrons)., A depends on « , but does
not depend on L ., The conser\ﬁ:ition'of ‘momentum has for
finite crystals the form |

- 1/L
8 (xk-k) =8 i), /L
(k- k,)? +1/L%

@
Calculating the cross section of SM we replace k_ by i/A,
hence in contrast to (3) and (4)
42 oM o .
=AAS(w- mSmM (k)38 (K-l —ki ) _1/A=m
dQ dE” k24172

with the same A as in (3).



The comparison of (4) and (5) shows, there are peaks of
BM at «,=k, (following from the dispersion relation), but the

peak of the SM (with the same o and ' ) is always at
ko =0 . Denoting the maximum intensity by I, , the general
intensity by 1, and the width of the peaks by T it follows
SM _BM 2 2 su . _BM sM __BM | ‘
1, /U, =x /L, I, /1, =x/L, T /T =L/A. (6)
From (6) we see, that we must choose L=2 ... 10\ for
measurable effects. On the other hand the different positions of
the peaks allow to distinguish them, For separation from small

angle scattering we.choose |« - | £0.

3, Total Reflection

But also by arbitrary tl*'xickness of the crystal we can get q
a favourable relation between SM and BM, using the effect of
total reflection of neutrons. If the wave length of neutrons, is
larger than the lattice constant (cold neutrong), then it is
possible to smooth out the potential over a lattice cell /6,
This give's,a potential jump of 47a/v, at the surface (@ =.
Fermi ‘scattering length, v, = volume of the unit cell), acting
on the neutrons., For a» 0 total reflection of the neutron beam
is obtained, if the ‘angle of incidence (measured between beam

and surface) corresponds to

ksinf<vdrma/v _ . (7)

For such angles the neutrons penetrate the target only in a
layer & with

'o‘—l.—_\/:lrra/ v, ~k?sin® 0 . (8
Only ‘in this layer sCattéring'processes take place, and the SM
are - better measurvar.blé in relation to BM, especially with & =A



Of course in consequence.of (7) this method is only possible,
if a is not too small. But then we must consider the perturbation
by the nonmagnetic scattering, And also large surfaces are necessa-
ry, but this is not a wvery hard problem, since monoCrystaJs are
not necessary. A practical possibility is, for instance, to iay
surfaces of neutron conductors with ferromagnetic layers. ‘

4, Depolarization of Neutr ons

>

A very sensitive method for the observation of SM should
be the measurement of depolarization of polarized neutrons. With
integration of the inelastic cross section of polarized neutrons /5.7/
over all scattering energies and angles we get for the contribution

of the BM to the transition probability of the neutron spin

BM : a2 2
SN"Sﬁ =~(9=-79 )83&’31«“”(11*10’7*7" )85;1"5N . (9)

4

Here only the angular part of y Iis considered; 7 is the

cosine of the angle between the direction of neutron polarization

and internal magnetic field ‘of the target. For the SM we have

~in f:onsequence' of (5) additionally the normal direction of the

sui;face. The integration over the angle is performed only over
the directions of kl (see the appendix) and vields

8M

Yan _’SN,=[1— —;-— sin? ap--‘l;— sinzassinz a -n31- —;— sina, sin'a, ) 14 (10)

*5 , +[—-l§— sinz

1 .2 N . .
a,+——sin"a + sina sina _+
84 75x 8 2 P9 s P

+—%—sin2 a sin® ap+72 (1- % sin as sin ap Y15 87,

8y
Here a_ (ap) are the angles between internal field (direction
of polarization) and the normal direction of the surface., (9) does
not depend on the orientalion of the crystal in consequence of

the summation over all scattering angles, but ySM in (10) depends



very sensitively on this orientation, Especially with sina =1 and

7=0 , that means w1th constant direction of the polarization the
crystal turns only on the axis of the internal magnetlc field with
the angle a, , (10) obtains the simpler. form

8M 5 3 ' 1 5 2 :

}'SN_’sr; =(1—T sin"a )8g, 5 +(T+—8_ sin ap)SSN' -8y (12)
Simultanecusly y®“ (and also the elastic part y' Vs
independent of a, . So from the measured angular distribution

of the transition probability we conclude the existence of surface

_magnons SM.

5, Surface Anisotropy

For those SM, caused mainly by the surface anisotropy,
further possibilities exist. Following /1/, then the equation for the
damping constant A has the form

- A+l K
e L//)‘=i---y———, y=iTS- for e~ . ¢°

. {}) (12) -
yA-1 ;

5
with K  —constant of anisotropy, B -exchange energy. Herein
the direction eY of the surface anisotropy (light axis) is
containing, relatively to the direction e® of the magnetic field.
(12) yields real solutions, connected with the SM, only if y<0
that is if the magnetic field is parallel to el . Hence with rotation
_ of the crystal on 90° the peak of the SM vanishes (or originates).
Furthemore it is possible to change the surface anisotropy
K° in a wide range. For instance this is possible at permalloy
or Ni -surfaces by gradual oxidation of the surface /8/ Then
also A is influenced, and the dispersion relation (2) as well
as the scattered intensity (6) are changed. For a more accurate
study of. the connection surface amsotrOpy and SM a simultaneous

examination with the methpd LEED is useful, R



6. Conclusions

The possibilities discuésed here show, that the search for

magnetic surface modes using inelastic scattering of neutrons

is suitable. New apparatuses are not necesséry, since all proposed
methods already have been used by other experiments, But for

the wverification of theoretical conceptions the experimental obser-

vation of such SM is very useful.

We are grateful to I.M. Frank, F.L, Shapiro, N, Kroo,
R, Nathans and M.K. Wilkinson for many ‘discussions.

Appendix

In paragraph 4 is used the transition probability Yay-85 °

If we approximately assume, that the dispersion relation (see,
. . L .
e.g. (2)) depends only on |k| or (k" |,1/A) for bulk modes

or surface modes, resp. then it is possible to separate the

angular part. With summation over all scattéring angles we get

for bulk magnons

_—q,

BM 8 .8
Ys 58, = €4 PoPel_
N7 N
o 8 . . s e
with e , = direction of the magnetization,

8 8 . 8 2

e, =¢e *tie  , P=I-kk/k ,
% x y

a=e1: epzﬁs, s +efe_1: 8
- N’ N B

P . . s e ’

e, =direction of the polarization, and

Q 1
koo e
A = 4"fkoA§k).

’ ’
SN =Sy

(A2

(A.2)

(AL9)

Using relations between the angles céntaining in (A.4) and -

performing the averaging (A.3) we obtain ( 7= e

8
z

P
- €
z

)



BM

1 g 2 2 ‘
: = - 5, 1 )8 ,
ySN"SN’ 15 LCo-777) 8 !SN+(11+ On+71°) 8’ sN] (A4)

N [ e
which is used in (9).

Analogously to this for the contribution of the elastic scattering
we get

el

1 2 2 ,
SN"SN'=_i-5—[( 1+779 )88;{ .sN+(9'7’7 V857 -] - (A.5)

N

But for the surface magrions in consequence of (1) k, is

replaced by i/A . Hence instead of (A.1) we have

— g ,
SM S S k
Yy g =Ca PoPe _ (AL6)
N N : .
with
~g4 an 11
AN L L fagAaGct), eosg=k, /1K | (A7)
T o9

Here we must explicitly consider the normal direction e, of the

surface, which yields additional dependence on the angles a,

and a, with -
s .
cosa,=¢€, -e€, , COSA =€, +€, . (A.8)
The results for ¥ is written down in equation (10).
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