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Abstract. On the basis of the dynamical pseudospin-phonon 
model the peculiarities of the coherent critical neutron 
scattering in hydrogen-bonded ferroelectrics are analysed. 
The experimental conditions a.re predicted in terms of 
the soft-mode parameters, t�mperature and momenta of the 
initial neutrons to observe such specific quasielastic 
neutron scattering. 

In the recent paper of two authors1) the differential 
cross section for the slow neutron scattering by KDP-type 
ferroelectrics has been derived in the complete consistency 
with the VSK-model2) and the "unique fitting113> of the cor­
responding experimental results. For this purpose the dy­
namics of the neutron scattering by the soft-mode is of a 
particular interest. 

The peaks in emission(-) and absorption(+) inten­
sities of scattered neutrons are determined by �he energy 
conservation law 

2 ... 2 2 2 
!!....£__ - !!__p_ = + E+ + 2m � - q+g (1) 

Here q=p-p ... is the scattering vector, m-the neutron mass 
and g- the reciprocal lattice vector. By neglecting ani­
sotropic effects (due to dipolar interaction) the soft-mode 
of the Cochran type is given in the form2) 

E
2 = PIT-T l+Qq2 

q C 

(P different above and below Tc) 
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(2) 



In the case of. the quasielastic scattering p'=p+n, 
n�O, and from (1) and (2), up to n2 terms, for every scat­
tering angle 8 (closed by G=g+p and p') and· for the scat­
tering of both types (+,-) one obtains two autgoing neu­
tron momenta 

P{, 2 

(4) 

As,vne can easily see these momenta are restricted by the 
conditions 

2 4a=pm /h 

(5) 

b=Qm2/h4 • 

The sign o� n1,2 determines the type of scattering (n112>0, (+);
n1,2<o, (-}) in a cone of the width a1 round and along the
vector G. A similar physical situation, but at T-0, occurs 
in magnon4> or polarization-waves5> systems. The case p=p1
is a specific one so then only one solution is possible 

P '= P + n (6) 

Here, for p1;Gcoso, there is no sing�larity in fact, as in
n3 order· approximation cne obtains again two solutions, 
n1,2 

= ± �alT-Tcl/p1. The scattering inside a e2-cone is also
possible but as predominantly of the "backwards" type it is 
not of special interest. 
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In a further analysis a small parameter e =alT-T I
2 

C 
and the ratio >.=b/G , >.>O, are introduced. Then from 
(4), (5) and (6) seven characteristic ingoing momenta 
appear (as functions of the·model parameters (P,Q), e 

and the intensity of the reciprocal lattice vector lgl):

P
1 

= ,. 112G,P2�"
1/4G(l+E/4>.G4),p3=).l/3G I (7) 

1/2 1/2 , 4 -1 -2 1/4 1/2
p4 15:G(l+at + ••. ),p6�Gae ,p7�G(l+t/2>.G ) ;a=(B +G ) /G 

while the characteristic values of A are: 

(8) 

Possible intervals for p and 8 as well as the scattering
types (+,-) are given in the table.
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For small intervals A0
< A< A and l< A<>.0 possible p are then

in the interval p6<p<p5•

For a char�cteristic scattering angle 8=80, i.e. 

(p/G)2-cos8
1

COS8
2 cos80 

= (9) 
2(p/G)-(cos01+cos02)
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there is only one p' in two cases 

p/G<cose�l, 

-1 �cose <p/G,

n1�o, n2=o;
(10) 

Tl2f0 I T)l =0;
if cose=cose1, cose2�p/G,one finds the characteristic
values n1=ni, while in the case cose112=p/G a pure elastic
scattering occurs. For the special case p=p1 the scattering
is characterized by the conditions 

n">O, 

n<O, 
n=O, 

p1/G<cose�l;
-l�cos8<p1/G;

(11) 

4 2 2 3 
cose=(p1+p1G +£)/2p1G�l.

From the definition (4) it is obvious that the sacattering 
is possible for all angles e. �ut if e1 is small enough
then the scattering_at small ang le occurs,which is of the 
most interest in experiments. Such a scattering develops 
when p:p3=p1, p:p3=p2, p�p1=p2=p3, p:O (under condition
p1=G) as well as when p:p4, p5, p6. In all these cases with
p=p1 the scattering is possible only for A< l but for every£.

From the general expressions for the neutron scattering 
by the coupled (hibridized) proton-optic phonon ("soft") 
model) the angular differential cross section in the neig­
hbourhood of the reGirpocal lattice vector g becomes 

do + 2 2 2 2 n (Ek.) +l/2+1/2 
<an6oh

=N [ [F (Ek .-wk . ) +F . (Ek .-Ek.)]-......_] ___ _ 
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2 (p+n.) I 11, I
J ] 

2 
IP nj-b(p-Gcose) I

"'Actually6) p>2n/aN113 
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The form-factors Fkp and Fki stand for proton (p) and
heavy ion (i) scattering quadratic amplitudes as well as 
for the peculiar Debye-Waller factors, respectively, and 
together with the quantity Ak=E;-E;, the pure proton (wk) 

and the phonon Ctk) modes are given in ref. 1 (see also
ref. 2). Note that in the case p=p1 the following substitu­
tion holds 

2 2 2 2 kl,2 => k =n -c/pl

(13) 

On the basis of the present analysis the soft-mode 
parameters can be determined directly from the correspon­
ding experimental results. For the real systems in the fluc­
tuating spectra of the order c a central peak appears in ad­
dition to the soft-mode peak at Tc and k+O. However, for
real systems one should include the anisotropic effect due 
to dipolar interactions. Therefore, the obtained angular 
intensity (12) should be improved by taking into account the 
width of the central peak �s a function of a frequency de-

7)"pendent dynamical susceptibility of the system 

To conclude, the peculiarities predicted by the 
present analysis are quite general and should hold for 
all systems (say, magnon)

8) in which any kind.of struc­
tural phase transition could occur. 
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