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Abstract_

The frequency spectra have been studied in liquid bismuth by cold
neutron inelastic scattering technics, in wide energy interval, and in energy
gain processes for the two angles and temperatures, respectively. The measu-
red spectra, which are proportional to the double-differential cross section
of the coherent scattering on the liquid bismuth, clearly indicated the existance
of collective excitations.

I Introduction

As it is known, the solid bismuth has the layer structure, where
each atom is surrounded by the three nearest neighbours. Such trigonal struc-

ture undergoes the significant change above the melting point. In the liquid

2)

. . 1
phase one can get the static structure factor S(q) using neutron ) or X-ray
scattering technics. The experimental static data show the subsidiary maximum

on the high q side of the first S(qo) peak (a location of the first maximum lies

3)

at q0 =2.12 R -1) which slightly disappear with increasing temperature. ° In

the neutron inelastic scattering experiment one determines the double-differen-

. . d2¢6 . . .
tial cross section 30.dE of a coherent scattering, i.e. the dynamic structure

factor S(q, E). In our experiment with incoming energy Eo = 5.2 meV, the
G
a0 aE shows the pronounced structure, as given in figure 1, for the two dif-

ferent temperatures.
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Figure 1.

I Experimental results

Using the time-of-flight spectrometer (TOFS) with Be-cutt off

neutrons a dynamic properties of liquid bismuth have been studied. The final

scattering energy E’ lies between 5 and 40 meV. The cold neutrons in the in-

elastic scattering process gain an energy E between 0 and 35 meV. The scat-

tered neutron spectra were analyzed using TOFS. A sample of a rectangular

slab type, with thickness of 5 mm, were measured at 20° and 60° angles of

scattering. The measurements with and with-
out samplé were performed and the intensity
normalized to the same time, as shown in
figure 1. The (a, E) loci determined by the-
se andes and by Eo are illustrated in figure
2. Therefore these angles were chosen beca-
use they ensured approximately the same
area that can be seen by neutrons.The mean
free path of the cold neutrons in bismuth is
of the order of 4.7 cm. The measured data
were corrected for the background,,the
detector efficiency and chopper function.The

corrected intensity, for the two tempera-
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tures and the two scattering angles, are shown in figure 3.
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The next step in treatment of the observed neutron intensity is the
correction for multiple scattering ‘E)Recently published results on liquid alu-
minium 5) stimulated us to make similar analysis of our liquid bismuth data.
This correction is important for interpretation of the measured data, especial-
ly for cold neutrons, where a single-scattering intensity depends on neutron
incident energy. To avoid the effect of high order scattered neutrons on S(q,E),
the input kernal was chosen so that it provides a near true value 5).To calcu-
late the second order scattered S 2 component, the programime developed by

Cocking was used 4) and compared with single scattered S, component. The

1
ratio -§1$1§2- is about 1-1,5 at 60° and 2-9 at 20° scattered angles, within
energy tra}zsfer 0-35 meV. In figure 3 the observed neutron intensity and the
calculated scattering intensity are compared with the second order contribu-

tion are compared.
m1 Dynamic properties

Several years ago, when the dynamic properties of the liquid me-

tals were poorly understood, the liquid bismuth was already studied 6,7) .
8)

There are a few theoretical approaches ~° which can describe the atomic mo-

tion in the monatomic liquids. One of the first is the convolution approxima-
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tion 9) where dynamic propertieé are provided studying a simple particle mo-
tion. This type of motion can be described by the generalized Langevin. equation
which is based on the theory of fluctuations. The kernal in this equation is the

10)

memory function which is terminated by three-pole approximation . By this

approximation and  convolution method, S(q,&) can be derived by following

.8, 11)
expression

5(q) Q;:ih(q) [&-l‘z(q) - wzoh(q)l Laq)
T [wTw (o - P2 [wk wl Q]

S(q,ad (1)

A
., (a)
2 4 2 coh
where the second [wcoh(q)]and the fourth [Q{:oh(qil moment [wl = x’uzcoh( ) ]

are quantities which depend, for the coherent scatterer (bismuth is 99.8% cohe-
rent scatterer),on the static structure and the interaction potential.- The crucial
problem in calculation of the multiple scattering according to the kernal (eq. 1)
is the choice of the parameter T(q).

Since q interval (qlne1= 1.46 and 1.52 R _1) covered by cold neu-
trons, lies between hydrodinamic and viscoelastic theory, the parameter ?'(q)

8)

can be defined by simple approximation -

0,886
T(q) = (2)
W, q) - wcoh(q)

This can be applied only for high energy transfer, where liquid
show elastic behaviour and existance of collective excitations which is pre-

. - 2 2 8) . -1 2 2
dicted by condition 34/, > & ° (forBiatq =1.8 273w 1.844).

coh
The second approach starts from the first principle of the kinetic

12)

theory and makes an anzatz for a memory function. The description of

S(q, @ )by this approach bases on the coupling of the thermal fluctuation and the
self-part of the correlation function. Our knowledge from the previous work 13)
tells us that there exists a very small difference between the above mentioned

approach and the viscoelastic theory, except for the small q. Generally speak-

ing the kernal S(q,4’) in the multiple scattering correction depends on the in-

115



coming energy.

In the figure 3, the calculated spectra S(q, E), (eq. 1) together with
the multiple scattering contribution are compared with the experimental intensity.

As a conclusion it comes out that correction for the multiple scattering
changes significantly the shape of the observed intensity, although the mean free
path of neutron is large. Disagreement shown in figure 3 comes out mainly because
of the inappropriate correction of the background 5) which appears as very impor-
tant for the type spectrometry we applied.

The peak which remains on the energy gained part of the spectra, figu-
re 3, indicates the collective excitation corresponding to the longitudinal accous-
tic phonon in solid bismuth. This phonon peak is rather overdumpt in the liquid

compared with the solid phase.
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