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Abstract – In the article, several variants of the 

experimental search of nonlinear localized modes 

in binary ordered alloy with stoichiometry А3В are 

offered. Such modes can be constructed under con-

dition that the mass of atom B is at least 9–10 times 

smaller than the mass of atom A. 

1. Introduction 

The conditions of the presence of local oscillations in 
ideal crystals have been studied by the number of au-
thors. The most considerable and interesting papers 
are found in the survey [1] and monograph [2]. But 
their authors studied periodical structures of different 
dimensions where the interaction between particles 
was carried out by the model potentials not relating to 
real crystals. 

The authors [3] managed to obtain localized oscil-
lations in model structure having translation symme-
try. It is shown in [3] that non-linear localized oscilla-
tory modes (NLOM) of big amplitude of one Å order 
can take place in the model of an ideal two-dimen- 
sional crystal lattice of ordered alloy A3B under the 
condition that the mass of atom B is at least 9–10 
times bigger that the mass of atom A. 

The essence of such phenomena is in the follow-
ing: if necessary energy is driven to light atom of an 
alloy, it has vibrational movement of any duration, 
i.e., the energy localization is observed. The mechani-
cal energy of atom is not dispersed because the fre-
quency of NLVM is in the forbidden band of phonon 
spectrum of crystal lattice. It has been established that 
NLOMs are observed in three-dimensional model 
FCC crystal lattices with translation symmetry of A3B 
stoichiometry. 

Thus, the problem of the experimental determina-
tion of energy localization in an ideal crystal is of 
great importance. The experiments on the determina-
tion of NLOM in real crystals of A3B composition 
using back scattering of neutrons on phonons are pre-
sented in the paper. 

2. The peculiarities of the phonon spectrum  

of the model crystal and amplitude-frequency  

dependences of NLOM 

It should be noted that bimetal ordered alloys of A3B 
stoichiometry with necessary relation of components 

masses have not been obtained yet. It is the problem 
of future. We suppose that these new alloys can have 
the same peculiarities of phonone spectrum as the 
model crystals studied in [3]. We also hope that ampli-
tude- frequency characteristics of real and model non-
linear localized oscillatory modes can have, at least, 
the qualitative coincidence. 

The studies of the dependence of the spectrum of 
phonon oscillations on the relation of components 
masses of A3B ordered alloy show that the crack  
appear with the decrease of the mass of atoms A  
(at the fixed value of mass B) in the phonon spectrum. 
The crack of the forbidden zone broadens with de-
crease of atomic mass of the component A [1]. 

The typical disperse dependences of cyclic fre-
quency ω (in THz) on q for the ordered alloy at big 
relation of masses of A and B atoms, at the ratio 30 in 
the given case are presented in Fig. 1, а. 
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Fig. 1. Disperse dependences for A3B at the ration 30:1. The area 

  which can be occupied by NLOM is shown by grey color 
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The relation of the module of wave vector to the 
constant of the lattice is q. Further q will be called 
wave vector. 

The wave vector has two or three components in 
the dependence on the dimension of the model crystal. 
That is why, disperse correlation are obtained by 
scanning. 

For example for two-dimensional crystal, the in-
terval of the change of the dependence ω on qx when 
qy runs the values from 0 to π is obtained at every 
value qx. The disperse dependences for the three-
dimensional crystal are obtained similarly. 

Disperse curves of two-dimensional and tree-
dimensional model cells have many common features 
and differ only in quantity. Fig. 1, a shows disperse 
dependences for two-dimensional crystal. Wide for-
bidden zone can be clearly seen. One of the frequen-
cies of atomic oscillations carrying the localized mode 
can be noticed. It is worth to note that the values of 
NLOM frequencies can be located in the definite in-
terval of the forbidden zone which width is propor-
tional to the relation of the atomic masses A and B or 
to the width of the forbidden zone. In Fig. 1, b, the 
area of frequencies distribution is marked by grey 
color. The ambiguity of NLOM ω is stipulated by the 
dependence of frequencies on the amplitude of oscilla-
tions or on initial kinetic energy driven to a light atom 
of A3B alloy. The frequency-amplitude characteristics 
of NLOM are shown in Fig. 2, the amplitude is given 
in Å units. 
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Fig. 2. The curve of the dependence on the amplitude 

  of NLOM 

NLOM can be obtained experimentally taking into 
account the phonon spectrum of the crystal and ampli-
tude-frequency dependences. 

3. The results and discussion 

The phonon spectrum of the crystal lattice can be ob-
tained by the traditional methods using inelastic dis-
persion of thermal neutrons or X-ray beams. 

It is known, that kinetic scheme of the dispersion 
of neutron beam on the crystal lattice is stipulated by 
the usual rule of the selection of wave vector  

 ′+ = ±k g k K  (1) 

and the requirement of energy storing. The sign plus 
before wave vector K corresponds to the process of 
phonon formation, minus – to the process of phonon 
disappearance; g is the arbitrary vector of reciprocal 
lattice. 

The kinetic energy of the neutron falling on the 
crystal is equal to p2/2Mn, where Mn is the neutron 
mass. The impulse of neutron p is equal to �k (k is the 
wave vector of neutron). Thus, the kinetic energy of 
neutron falling on the crystal is equal to �2k2/2Mn. Let 
us mark the wave vector of scattered neutron k′, the 
energy of such neutron is equal to �2k′2/2Mn. The con-
dition of energy storing can be written in a form 

 
2 2 2 2

2 2

′
= ± ω

� �
�

K

n n

k k

M M
. (2) 

The sign plus before the value of phonon energy �ωK 

corresponds to the process of phonon formation, mi-
nus – to the process of phonon disappearance. 

To obtain the disperse law using expressions (1) 
and (2), increment and the loss of neutrons energy 
subjected to dispersion in the dependence on the direc-
tion of dissipation k → k′ should be found NLOM can 
be obtained subjecting the crystal to neutrons flow in 
the definite direction with the increasing energy until 
the appearance of the frequencies of localized modes, 
i.e., the width of the forbidden zone. But such presen-
tations are mistaken. 

NLOM have fundamental differences from phonon 
oscillations in spite of some similarity with local pho-
non fluctuation. In particular, correlations (1) and (2) 
are failed for them. The condition of the energy con-
servation is the following: 
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We substitute �ωK by values E0 (the formation energy 

of NLOM) and E′ (the energy of the atom carrying the 
localized mode) from the following considerations.  
To excite the localized mode, the neutron energy 
should be several orders greater than the energy which 
is necessary for the exciting phonon oscillations. The 
frequency of the oscillations of NLOM is even less 
than the biggest frequency of phonon spectrum and 

consequently, its energy is not equal to �ωK. Note that 

E0 > E′ for the same atom. 
Now, we can state the main idea of the experi-

ments on the search of NLOM. The following two-
stage scheme is suggested. The phonon spectrum of 
crystal lattice A3B is obtained at the first stage. In this 
connection, it is necessary to use the standard method 
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of inelastic dissipation of cold and thermal neutrons. 
The crystal lattice is X-rayed by resonance neutrons, 
exciting NLOM in it and simultaneously by thermal 
neutrons at the second stage.  

Thermal neutrons disperse on atoms carrying lo-
calized mode. They are able to obtain energy which is 
bigger than the energy of the dissipation on phonons. 
It is expected the appearance of low-intensity contin-
ued spectrum of neutrons frequencies dispersed on 
NLOM in the limits of one of disperse curves. The 

upper boundary of the spectrum is essentially higher 
than the biggest phonon frequency. The continuity of 
the spectrum is stipulated by the equal probability of 
neutrons interaction with atom carrying localized 
mode in all cases of oscillations. The scheme can be 
modified at the second stage, crystal can be X-rayed 
by the phonons of X-ray diapason in parallel with neu-
trons exciting the localized made. 

In conclusion, we note that two factors – low con-
centration of atoms carrying the localized mote (up to 
2% according to our estimations) and thermal move-
ment of atoms of the crystal lattice destroying non-
linear localized vibration modes can influence on the 
results of the experiments negatively. 
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