


There is a strong contradiction between magnitudes of neu-
tron electric polarizability «, obtained from the experiments on
elastic scattering by heavy nuclei of neutrons in different energy
ranges: a, < 2 x 1073 fm? from the experiments at neutron en-
ergies F, < 40 keV, and a,, > 107! fm?® from the measurements
with neutrons in the energy range from ~ 0.5 to several MeV.
The first results do not contradict to modern theoretical models
[1]: an ~ 1x1073 fm?, but the second one seems to be excessively
large and surpass the expectations by two orders of magnitude.

The measurements of neutron electric polarizability in the
low energy range of scattered neutrons is based on the specific
form of the Born amplitude for neutron scattering in the r=*
polarization potential

Upot = —an(Ze)2/2r4, forr>R; Upy=0forr <R, (1)

where Ze is a nuclear electric charge, R is an electric radius of
the nucleus. For simplicity, in what follows, we set long-range
potentials equal to zero inside the nuclei, which does not change
significantly the results of this consideration. The scattering am-
plitude in Born approximation for the potential of Eq. 1 has the
following form:

fpol :an(%)z%[si;z +cosx—x/:° #'dt], (2)

where m is. the neutron mass, z = ¢R, and ¢ is a momentum
transfer vector. In the limit z << 1

Zey2am s 1, 4
fpol = (—7-{-) E [1 - Z:II + 6:13 + O(SL‘ )] . (3)
It was shown by Thaler [2] that, due to the linear in q second
term in the neutron polarization scattering amplitude, neutron-
nucleus differential cross-section, as a result of interference of nu-

clear and polarization amplitudes, must contain the term linear



in the neutron wave vector k. The neutron angular distribution

o(8) = %[1 + w1 Pi(cos) + wa Pa(cosh) + ...] (4)
contains 7 9
T eN224m
wp = “ang(—{) —k, (5)

which is linear in & (a is the neutron scattering length).

The measurements of angular distribution of neutrons scat-
tered by heavy nuclei [3] in the energy range of 0.6 — 26 keV with
addition of the earlier measurements [4] in the energy range of
50 — 160 keV [4] yielded the result a, < 1072 fm3.

It 1s evident that due to neutron polarizability the total neutron-
nucleus cross-section must contain the term linear in &:

os(k) = oo + ak + bk* + ... (6)

Precise measurements of total neutron cross-sections and co-
herent scattering length of Pb and Bi [5] yielded

ar, = (0.8 & 1.0) x 107° fm?®. (7)

The result of the measurements of the total neutron cross-section
by heavy nuclei in the energy range up to 40 keV [6, 7] yielded
the value

oy, = (1.20 £ 0.15 + 0.20) x 1072 fm?®. (8)

The reconsideration [8] of experiments [6, 7] has led to con-
clusion that a, < 2 x 1073 fm3.

On the other hand, in MeV energy range neutron scattering
by heavy elements demonstrates significant deviations from opti-
cal model calculations with the account of Schwinger (spin-orbit)
scattering. For example, in [9], the measured cross-sections are
systematically greater than the calculated ones at the smallest



angles. The authors [9] did not propose any explanation of this
disagreement, and the measurements were not continued.

In a series of experiments and careful optical model calcula-
tions, the authors of [10] showed that the great variety of data
on neutron scattering in MeV energy range (total cross-sections,
angular distributions and especially small angle scattering) have
a significantly better discription if the polarization term with the
neutron polarizabilty factor as large as a, ~ (1 —2)-10"'fm? is
included into the potential of neutron-nucleus interaction. This
value is two orders of magnitude higher than the value expected
from reasonable calculations [1] and the measured restrictions
(5, 6, 7).

What is the way to reconcile these two contradicting results?
It is possible that some more refined model of neutron-nucleus
interaction accounting for Schwinger term and “reasonable” neu-
tron polarizability is able to describe the data in the MeV energy
range. However, it might be possible that some other potential
of the ~ r™" type with n > 4, for example with n = 6 (Van der
Waals), or n = 7 (Casimir-Polder) influences neutron scattering
in the MeV energy range.

A possibility of the existence of a strong long-range interac-
tion between hadrons was discussed two decades ago using dif-
ferent approaches (see, for example, [11] and references therein)
with mostly negative result but without any final firm conclu-
sion. On the other hand, there are persistent indications on the
existence of a strong potential of the »~" form with n between 6
(Wan der Waals) and 7 (Casimir-Polder) (see [12] and referencies
therein) which follow as a result of the sophisticated analisys of
elastic p — p scattering in MeV energy range. Similar long-range
strong interaction might probably be observed in the neutron-
nucleus scattering in the MeV energy range as it is (possibly)
observed between hadrons.

It turns out that in the low energy range experiments {3, 5, 6,



7] (more precisely at z << 1) these potentials practically cannot
be observed. The reason for that is in the fact that the only
signal of the long-range interaction at low energies (z << 1),
which distinguishes them from a short-range one, 1s a non-even
term in the expansion of the first order Born amplitude.

The scattering amplitudes for the long-range potentials of the
form

U(r) = ~U(2)", forr > By U(r) =0, forr <R, (9)

where R is the radius of the nucleus, in the first Born approxi-
mation for n=>5,6, and 7 are given by

2mURR3 (sinx  cosz sinx  x? [ cost
fi="p [3$+ 6 " 6 6/ dt] (10)
29mUrR? (sinz  cosz sz'n:z: 2co:sx © sint
fo= = [4$+12 Y 24 24/ —dt],
(11)
and
2mUgR? (sint  cosz Stnz 5, COST 3SINT
fo= = [5z+20 “%60 T 120 T 120
zt o cost
+_1§6 Tdt]’ (12)
In the limit z << 1, these amplitudes are
2mURpR3 (1 11 Inyy , 1 9 4
fle <<=l (55~ )7 e o >J):
13
2mUpR3;1 1 1
bt kel Pt R RPN
folz << 1) = [3 -’ +48:1: + 557" + 0 %], (14)
and
omURR3;1 1 , /137
1 kb bl Pt b
folz <<1) % [4 127 (720
In(v) 1
~ T30 )% ~ gl =+ 0G0, (19)



where v ~ 1.781 is the Euler constant. It can be seen that the
only non-even power of the z term in the expansion of Born
amplitude for the potential ~ r7° is z%lnz. For the potential
~ 7% the only odd term is z® and the term characteristic for
long range ~ r~7 interaction is z*{nz. The short range potentials
yield only even terms of z. For the potential of the form ~
r~?" the decomposition of Born amplitude yields the single odd
term ~ x2"~3, for the potential of the form ~ r=(2**!) the non-
even term is ~ z2(""Unz. Quantitative estimations for ¢ = 0.2
yield the result that these terms are more than two orders of
magnitude lower than the linear term in the expansion of
Born amplitude for r=* potential. Therefore, in the low-energy
experiments (z << 1), it is practically impossible to recognize
the presence of the long-range potential of the form ~ »~" with
n > 5, even if it is as large as two orders of magnitude greater
than the potential due to neutron polarizability (Eq. 1) with
an >~ 1073 fm3.

The scattering amplitudes in the first Born approximation
(Egs. 3 and 9-11) for n = 4 — 7 generally behave similarly in
the transferred moment range z < 5 where the amplitudes are
not excessively small, differing only by the factor which does
not change significantly. The same is true for the first 5-6 Born
scattering phases for these potentials in MeV neutron energy
range. It means that it is quite possible that large potential of
the r~* type inferred from fast neutron scattering in [10] may be
in fact*the potential r=" with n = 6 or n = 7 but of larger
magnitude at r = R.

Better confirmation or rejection of this point of view requires
detailed computations with the most flexible nuclear optical po-
tential and inclusion of long-range potentials of the r=" type with
different n in order to find out what kind of a long range poten-
tial is able to satisfy better the description of all the data on fast
neutron scattering. These computations are now in progress.



The tentative calculations of neutron scattering cross-sections in
MeV energy range for the Woods-Saxon potential with addition
of long-range potentials r~™ with different n between 4 and 7
yield low difference in the form of angular distributions and to-
tal cross-section.
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