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ﬁ],vIntroductjon

The work reported ‘here was. intended to prov:de some

data concern1ng the ex1st1ng s1tuat1on on the -beam’ No 1ag-b

" of the IBR reactor-at. ‘Dubna ‘and to. ‘give some 1nformat1on Y

~as to the poss1b111t1es of perform1ng magnet1c exper1ments;_~
'on this’ beam “So far: most]y 1ncoherent phonon scatter1ngf~’5

has been. measured there. - :
. e dec1ded to.-'use- samples in wh1ch the magnon spectra
had a1ready been measured e]sewhere Two samples were cho-

‘fsen; a s1ng1e crysta1 - pyrrhot1te(Fe S;)  and po]ycrysta]-;igﬁ
:,11ne -~ chromium ox1de (Cr 0;) In: pr1nc1p1e the maximum *;'
1nformat1on is ga1ned on s1ngle crystals but ‘'some.. 1nfor-~

mat1on can still be obta1ned using. po]ycrysta111ne samp]es,‘”
“ whlch,are much ‘more: eas11y prepared. ‘ '

2. Exper1menta1 Set -Up

;f‘ The Cracow- Dubna Neutron Spectrometer KD SOG 0/1/ 1n--/'}
'sta11ed at a d1stance of. 22.3 m from the core of the IBR
('pu1se reactor was-used during. the exper1ments "The ax1s'?

‘of the channe] la looked at the angle 120 at the centre .
.of a surface of about 22x22 cm of the water moderator RE



which surrounded the active zone of the reactor. ‘There was
a vacuum neutron guide tube about 19 m long p]aced between
the spectrometer axis and the reactor. Some neutron colli-
‘mators inserted into this tube and made of a mixture of
paraffin and boron carbide gradually limited the cross-
section of the beam to the dimensions 80 /in the horizontal
direction/ x 120 mm at the end of the guide tube.

The spectrometer was .used in two geometries. The first
‘one described in/1/ utilized the principle of the Be-filter
inverted geometry. A schematic diagram of the second geometry
: is‘shown in Fig. 1. To analyse energies of the scattered
beam a single crystal of Al of dimensions 160x75x13 mm
cut parallelly t6 () crystallographic4p1anes was used
and ‘the Be -filter replaced by a Soller type collimator.

-In the case of work with a single crystal sample a new

mechanical set-up was installed above the mechanical axle
of the arm. by means of which the samp]e could be rotated
- about the vertical axis by remote control with a precision
~of 2', A goniometer head was also mounted on the top of
this table to orient the single crystal in other ‘directions.
Ifnnecessary a Soller type collimator with horizontal
sheets was placed between the sample and the analyser.

.Reasons for tria]s with the second type geometry. were ,

as follows: . :
10/ Because of a strong dependence of magnet1c form-

factors on the scattering wave vector K-I,- . (k,, -
respectively final and initial wave vector of neutron)

all magnetic experiments should be performed at optima-
‘1ized geometries with respect to k- vectors . This usual-
1y requires measurements at a small ‘scattering angTe bo
and a region of energy ana]ys1s h1gher than in the case of

Be -f11ter



Dur1ng ‘the reported exper1ments we performed measujr

rements with two energies of ana]ys1s 57.3 meV- and 9.8meV.

The correspond1ng Bragg angles of the AI(Il ) ana]yser;;;
were 14. 8° and 32. 2° respect1ve1y The collimator °f3;
0. 72° in the hor1zonta1 plane was placed only between theﬁ;
ana]yser and. the counter array. This collimation caused ;Q
' -AE =5.4 meV and Ag_=.0.31 meV, respectively. In -the,case_'_j»l;

0

OquSB the collimator in the vertical direction was=~ 2",

The results obtained with the single crysta]‘oansa’i

{ (> - {00. 1),1/d—1%m3") are presented in Figs 4 and 5.

_The d1mens1ons of the crysta] (80 g) were approx1mate1y .
20 x 17 x’50 mm. For E, = 57.3 meV the angle of scattering
was 8° s wh1ch corresponded to about 18 meV of averagef‘

: transfer of neutron energy. The second geometry (Ea.=9. 8meV¢“@
b, = 10° ) corresponded to about 11.2 meV average<transferi

of neutron energy.

_ ~ The measurements with powder samp]es were performedku;
Cat ¢q = 15% only with Ea = 57.3 meV. Attention was paid: .

to the optical magnon branch inCr203 which is situated

at the level of about 50 - 55 meV. The area of powder
-irradiated by neutrons was about 80 x 120 mm and the sur-

‘ face dens1ty of the samp]e about 1.3 g/cm2

. The plane ofjgf

this parallel 1ayer of powder a]ways bisected the. ang]eLp_
formed by the directions of the incoming and Scattered;je

beams. The powder ‘holder was’ p]aced in a cryostat and

measurements were done in the temperature of liquid n1tro-frt
gen\and in room temperature. The time-of-flight spectrum
for Cr 0, corrected on the background and the empty
‘cryostat effect, is shown in Fig. 6. To obtain 1nformat1on,>f

~on ‘the phondn spectrum behaviour in CQO s1m11ar mea-

surements were undertaken forAIO (with the surface den-

' s1ty ‘1.5 g/cm ) which has the same crysta]]ochem1ca1i}*
structure as Cry 03, The 1ntens1ty of phonon scatter1ng’j

was very low and a]most 1ndependent of temperature.
7



! - C/ Experiments with the Be f11ter The: measurements
“of time-of- -flight spectra for cr0, - and‘M 0, powders with
f‘the Be- f11ter as an- ana]yser were performed at two scat-

fter1ng ang]es 35° and 90°. The d1mens1ons and pos1t1ons

of . samp]es were “the same as, those described” above The
ﬁresu1ts obta1ned for the angle 352 are shown in F1gs 7
fand 8. Pos1t1ons of sate111tes changed ‘in the case of
fCr O powder in compar1son with other measurements because

‘of the change,of the repetition rate_of the reactor pulses.

“:'41 Est1mat1on of the Magnon Scatter1ng Cross Sect1on‘

For the case of ¢ 03 'and the s1ng]e_crysta1xana1ys-

ing;system an attempt was,madeVto,ca]cu]ate~the experimen- w‘

ta]gcross-section_for;the optic magnons of E =50 meV. We.
took into account that at AE~50 meV there.were 90 neutrons
ujne]astjca11y scattered and counted in one channel of-
;64fpsec width per 19:5 hours. The following formula was
‘used. ~
[da]‘ : ..

lAE=E l Q N.S.q

’

twhere a) spectral density of scattered and detected ne-
“utrons :“;y 2.8 x 1072 min~' mev™'; b) spectral dens1ty

.of'incomingvbeam'at E = 107 meV ld‘ = 0.46,x,10§ cm-?
AR A - . :

‘min - meV'];vc) solid angTe of the analysing system Q=
=3 x 10 =3, d) number of ¢ ions per cm? of the sample
N =1 X 1022 cmaz; e) act1ve surface of the sample §= 28cm2.

,f) eff1c1ency of - the detect1on system 7~1 x 10 Z.ThenJ

rough]y 0.01 ‘b/sterad per cr ion. Thisd

[T] AE =50meV =
.value has the expected order of magn1tude when comparedl

;w1th the va]ue est1mated theoret1ca11y /

x/

It is no much

A. Kowalska- (private communication).



sence to make a deta11ed compar1son between the theory
and the’ exper1ment because of some very rough est1mat1ons
(espec1a11y the one of 7 magn1tude)

5. Discussions .and Conc]usions

The results presented in Sec. 3 are in an agreement
with previously obtained 1nformat1on/2/ and/3/ about the
‘substances used. The complicated shape of the INS peak
in Fig. -4 1is caused by a mixture of maxima corresponding
to the acoustic and optical branches in Fe,S,-. According

to/2/ the opticaT branchvof magnon excitations shou]d
start from about 15 meV. For .E = 9.8 meV and AE = 11.2meV
we expected that the resolution would be suff1c1ent to
separate two acoust1c peaks (see Fig. 5 - an additional
draw1ng above the INS peak; the shape of expected peaks
was taken by interpolation from QNS (quasi- e1ast1c) peaks. .
of the first and second order reflections). It seems from
the comparison of anticipated and obtained INS peaks that
_even_for' AE = 11 meV there already exists an optical peak. ]

‘The spectra given in Figs: - 6 and 7 exhibit the exis-.

-,tence,'in'the nitrogen_temperature, of magnetic peaks near
 the ehergies 45 and 52 meV, i.e. the energies of. opt1ca1

magnons in 0, . Unfortunate]y there are alsd' some op-

‘tical phonon frequenc1es known 1in th1s reg1on “from the

- infrared spectroscopy (see Fig. 7). The difference bet-
ween spectra obtained in two temperatures shows the sum--
mary effect of temperature influence on both phonon and -
‘magnon:excitations. It is impossible to'se]ect exact
contr1but1ons of either k1nd of. excitation, particularly
if the temperature of 288%K is still below the Neel point
of the substance Some op1n1on concern1ng the effect of
phonons themse]ves can be obta1ned from measurements on
AIO



As expected on’ the bas1s ofx dependence of the mag?[

‘;fnet1c form factor, the rat1o of magnon to phonon scatter- f
“ing in. the higher energy reg1on is greater when E is grea-,g
“ter and é, smaller (cf. F1gs 6-and- 7) '

The. conclus1ons to be drawn from our tr1al exper1-5
ments are -the follow1ng It is poss1ble even at the pre-f
sent power of the IBR reactor ‘to-perform exper1ments onan
1nelast1c magnet1c scatter1ng The scientific problems

.‘wh1ch can be dealt with are, for example 1nvest1gat1on'

4 Kiof the magnon d1spers1on relations 1in s1ngle crystals;f

ttttttt

:determ1nat1on of the top of magnon branches, determina- -

tionof energ1es of trans1t1ons between states of para-

:magnet1c jons in crystal f1elds ' To perform such resear-

ches, however, 1t is necessary to 1mprove the methods:

jMuch work-must be done to increase the crystal analyser

‘eff1c1ency, ‘which 1s now no greater than 20%. One: solut1on‘

~w1ll be the use of pyrollyt1c graphite’ crystals The re--
'fsolut1on may be 1ncreased by 1ntroduc1ng better coll1ma1

t1on behind the crystal analyser and by work at a greaterr

_7d1stance from the reactor. The latter cond1t1on will be

prov1ded by the new KD SO0G-T spectrometer A programme

““for theoretical calculations of ‘the resolution function’
' *has nearly been completed We propose ‘to pay most atten-:
't1on ‘to the development of that method which enables mea-:
“’surements at small scatter1ng angles :
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Fig. 1. A schematic diagram of the second geometry of

measurements. 1 - guide tube with paraffin collimator,
2 - Cd and B4C shielding, 3 - steel rails - trajectory

" of the spectrometer arm, 4 - ¢d shielding, 5 - sample,
6 - Soller type collimator in the vertical direction,
7 - analyser, 8 - spectrometer arm, 9 - Soller type col-
Timator in the vertical direction, 10 - detector:shielding,
11 = neutron counters. :

£l

Fra?‘&neng..of a s‘catte_;ing _syrface
for koc + Qe for koo *q.

Fig. 2.:A,scheméticld1agrah in the reciprocal Space
~explaining the method of the energy analysis at pulse

L reac;oysuff the energy of an analyser is constant.
Caw arc-sin ( ;.’:'_. sin b, ). . ‘
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Fig. 6. The spectrum obtained for Cr 0; powder in tw
temperatures with the use of the. AI(lll) analyser. The -pe:
on the right side of the spectrum is. connected with-the.
second order reflection from the analyser, the trace of.
:a_peak on the left side of the spectrum is a residuum of
the first satellite. A correction for the background-

(effect with the empty powder container) was made. -
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tained for the inverted  Be:
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the density of spin wave states given in

N Cr, O,
§ £ «35°
- =TT
 e~Ta290°%K
7 Ty |
X &
op % E
tu 1* . ‘m
. 300k l& 1] .
: W :
HE o
% .:h."'.“' . v
. o, hEIY N X ..-', .
2001 h ‘,".:' v . o -
‘ R S
. E e ‘;‘4 » Se2 e e '.".v\:.v ) % : -\_\::o
= ‘. e Y -
. 5 N . (
00(- & b - E .
a. ‘ oo L,
.F.' \w . ' -~ et
. Y . B ¥ R S e
e T gy S ]
. ) i . Channel
SO0 T s0 %0 750 T R wonugfef :
(EoElaoo 8040 30 20 15w 6 5 4 3 2 Blelpsec
< (meV) - T T 7 s e .
‘F1g 7. The" t1me of f11ght spectrum for Qjo,powder oba

filter geometry and ¢.= 35
53}cu1ated from .
opP -~ opt1ca1 -

phonons - frequenc1es observed in the 1nfrared spectro-

scopy/4/,

18



AL O,

fu=35°
N =T =779
3 =T =290°K
2 .
-— ‘ o~
. o 2 &
. (o] P T
00} A &
TR
20"0__ s » . l'
‘ ’ s : X
R ' !
| e o .
100} "‘ . f

'\._x' ‘ ok Yoo
£ : R;l, L e
- ot g *
. D T T

0 5 70 2% 300 30 700 ramber
. 8t-64psec
{Eo-Eadn 150 100 50 4 0 22 B 0 5 25 L
2 X 0% Y - 3 ;

Trev) T

~Fig. 8. The time-of-flight spectrum for Al 03 powder for -
the inverted -Be filter geometry and ¢_,=35". OP - opti-
cal-.phonons -~ frequencies observed in the infra-red spect-
roscopy/5/, ° : ‘
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