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where H0 uk = Ekuk; T¢n = Encpn; Ek is the energy
of
the incident neutron; En represents the rotational
of energy. Figure 3 shows the total cross section
energy levels of the nucleus. The operator H0
as and a 0 for different deformations z of the
operates only on the radial coordinate r of the
nucleus. The total cross section for excitation of
nucleus, and does not operate on the angular
the l th rotational level of the nucleus differs from
coordinate c:u, which determines the orientation of
zero only for even l and diminishes quickly with
the nucleus. By this means one examines, in the
increasing l. For deformations of the nucleus which adiabatic approximation, neutron scattering on the
fixed target nucleus, which was in the rotational
are not too great and for l ;::, 2,
state
¢n (c:u) with energy En prior to the scata2
The cross section a 0 is practically independent

crl ~

where
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o
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22ft '

0

tering interaction.
The operator for the rotational energy of the
nucleus has the form 2

is the coefficient of resolution
00

~ (x) = ~ a1x 1•
l=O
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by

where ~ c:u is the Laplace operator on the unit
sphere, I is the moment of inertia of the nucleus
with respect to the principal axis, parpendi cular
to the axis of symmetry. The eigenfunctions
¢n ( c:u ), describing the rotation of the nucleus, appear as the spherical functions Ylm ( c:u ); the rotational levels of the nucleus are determined by the
formula:
e: _
l-

S. I.

DROZDOV

Academy of Sciences, USSR
(Submitted to JETP editor March 18, 1955)
J. Exper. Theoret. Phys. USSR 28, 734-735 (June, 1955)

oNE examines the scatteringof fast neutrons
by the black nucleus, which has the form of a
body of revolution and spin equal to zero. The
solution of the problem of scattering in the adiabatic approximation 1 may be obtained in the following manner. The o/-function of the system
satisfies the Schroedinger equation:
(Ho

+ T) ljJ =

E<li.

(l)

where H 0 is the Hamiltonian operator of the
system consisting of the neutron and the fixed
target nucleus; T is the orerator for the rotational
energy of the nucleus. It is assumed that the
energy of the incident neutron is significantly
greater than the rotational energy of the nucleus.
For this reason, it is possible , in the zero approximation in Eq. (l), to drop the operator T and
set up the o/-function in the form:
<J!=uk(r, w) 'Pn,((l.>),
(2)

n l (I+ 1) .
2

2!

(3)

'

When r approaches oo, the o/-function (2) has the
form:
tjl-

[ eikr

ikr
+ ~f(w,

0)

]

'Pn, (w),

(4)

where f(c:u, U) is the scattering amplitude on the
fixed target nucleus in the direction U, dependent
on the orientation c:u of the nucleus. Resolving the
quantity f( c:u, U )¢ no ( c:u) into a series by functions ¢n ,(c:u) we obtain:
.,
)hr]
y ~ e'.<r<p
F nn, (Q) 'Pn ( c.:\) •
n, (w) + -"r

(5}

n

where

The ljl-function (5) describes the system before
the scattering interaction as well as the scattering processes, as a result of which the nucleus is
left in distinct rotational states ¢ n (c:u ). Energy
is not conserved in the approximation being used,
because the particles, scattered with distinct excited rotational states, all have the identical
wave vector k.
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With the aid of the expression (5) for the l/Jfunctions, it is possible to determine the effective
cross sections. The differential cross section for
scattering in the direction n with the nth excited
rotational state summed over all orientations of the
nucleus, is
(7)

In particular, the elastic scattering cross.section
is determined by the diagonal element F
(0)
n n
0

0

•

Since an ( Q) = alm ( 0 ), the eros s section for excitation of the l th rotational level of the nucleus
has the form:
crl (Q)

=

~

crlm

(Q).

(8)

m=-l

The sumllX!d cross section for scattering in the
directi01 fl with distinct excited rotati~nal states
is detenni ned by the formula:

where g(x)

= Y/ + (l-

z 2 Jx 2 ; z =alb, b is

the radius of maximum circular cross section of
the ellipsoid, a is half of its axis of symmetry;
X= cos 0. The angles 0, cp determine the direction
of the axis of symmetry c:u of the ellipsoid; the
angles 0, cp determine the direction of scattering
0. The deformation parameter z assumes values
from zero to infinity. For a spherical nucleus, z

=L
To obtain the conditions of applicability of the
formulas given for the effective cross section, one
computes the corrections of the next approximation
to the lfr-functions (2) and by their aid one finds
the corrections to the cross sections.
The conditions of applicability follow from the
requirement of smallness .of these correctimis. The
condition of applicability of the adiabatic approximation for the computation of the cross section
a for the excited rotational level of the nucleus
l

e 1 !Ek~1,

hastheform

l=fO.

In accord with Eq. (3), this condition is
violated
when l is large and when there is little
or
deformation of the nucleus ( z -+ l ), since for a
spherical nucleus the moment of inertia I becomes
(9)
zero.
The corresponding total cross sections are obtained
The condition of applicability of the adiabatic
by integrating the differential cross sections over
approximation for the computation of the elastic
all directions fl. The expression for the total
cross section has the form
cross section for all the scattering processes in1
cluding absorption, is found by the well-known 3
Lle \ p2 (.x) ~ (.x) d.x ~ 1,
Ek J
formula:
0

cr1 =

~ Im ~

dw I 'Pn. (w 12 f (w, Q)

lo=0,

(10)

where 0 is the angle of scattering. The absorption
cross section is the difference between the total
cross section and the cross section found by in-·
tegrating the summed cross section as over the
angles 0: ac =Ot -as.
The scattering amplitude f( c:u, n) is computed
quasi-classically under the assumption that the
wave length of the neutron is much smaller than
the size of the nucleus R ( kR » l ). It is likewise
assumed that the black nucleus has the shape of an
ellipsoid of revolution, either oblate or prolate. A
physical (optical) analogy is used for the computation of f(c:u, 0): the diffraction of light by a
black ellipsoid. Using the principle of supplementary screening 4 we obtain

f (w, Q) = (~~): ~ (x) Jl t(t)

;

(ll)

where ~£is the effective unmonochromatic condition (effective energy spread) of the neutrons
scattered with distinct excited rotational states:
Lle =

n2L(l + i),

L- 2.
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