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An expression is obtained for the intensity of the high-frequency electric field
which appears in the nucleus as a result of the resonant excitation of the electron
cloud of an atom by a laser field. The induced capture cross section of a neutron by
the nucleus in this field is calculated at a weakly bound level of a compound
nucleus. It is pointed out that the induced neutron capture effect makes
spectroscopic studies of these levels possible.

PACS numbers: 25.20. +y, 21.10.Pc

In heavy nuclei the density of levels of a compound nucleus near the neutron

binding is quite high (~ 10° MeV). Therefore the value of the interaction cross section
of thermal neutrons with heavy nuclei is determined in many cases by the S-level,
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which lies below the neutron binding energy (“negative level”). Almost nothing at all
is known about the properties of the negative p-levels, which lie near the neutron
binding energy.

A method is proposed in this paper for studying the negative p-levels of a com-
pound nucleus, lying within an energy interval of the order of a few eV from the
neutron binding energy.

Let us consider a medium, the atoms of which are excited by an external laser
field. If the frequency @ of the field is near the frequency @ of the atomic transition,
then in the saturated state the wave function of the atoms can be written in the form'
(i=c=1)
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where ¢, (70’) and ¢1(?) are the stationary wave functions of the ground and excited
states of the atom, w = + €, V,, = d,,E,, E,, is the amplitude of the electric field
intensity of the laser, d,, is a matrix element of the dipole transition between stationary
states.

Using (1), we obtain an expression for the charge density n(j,¢ ) and the current
j(P,t) of the transition in the atom, arising as a result of the action of the external
electromagnetic field.” The density and current, excited by the external electromagnet-
ic field, create a varying electromagnetic field inside the atom. Ignoring delay, we
obtain an expression for the intensity of the high-frequency electric field at the nucleus
(0>, e=0)
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Let us consider the capture, induced by the high-frequency intra-atomic field (2),
of thermal neutrons in a negative level of p-parity, the binding energy of which lies in
the optical band. In the center of inertia system the Hamiltonian of the interaction of

the neutron with the laser-induced high-frequency field (2) can be represented in the
form

nt* P
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where e.; = eZ /4 +1 is the effective neutron charge in the center of nucleus + neu-
tron system; r, is the relative coordinate of the neutron; E(r,,,? ) is the intensity of the
induced electric field (3) at the site of the neutron.

We will use the Heitler method® to calculate the cross section of nuclear reactions
caused by the induced capture of a neutron in a negative level of a compound nucleus.

For the Fourier transform of the amplitude of the nuclear reaction, proceeding
from a given negative level, we obtain the following expression
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where H,, is the matrix element of the spontaneous decay of the negative level along
any channel, for example, the emission of a 7 quantum, fission, etc., ¥ is the total
spontaneous width of the negative level, determining the splitting rate of this state into
a continuous spectrum due to the action of the external electromagnetic field, I, is
defined by the expression
2 .
an --21r2'|Vnpl_| S(En —:cp'-) &)
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Here V,, is the matrix element of the Hamiltonian of the interaction of the neutron
with the laser-induced high-frequency field

Vnp' -l o f(l)";' ) ¢ nEo (r n) qSPo dr nt (6)
Then, following the usual method, we write the expression for the cross section in the
v channel:
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where A = h/\/ 2me, is the wavelength of the neutron. In order to calculate the width

I, which arises in the induced electromagnetic field, we write the matrix element
Veo in the form
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where @ *(r,) is the wave function of the bound state of the compound nucleus, ¢, (r,)
= sin(kr + 8,)/kr, s is a wave in the continuous neutron spectrum, U () is the poten-
tial for a nucleon in the nucleus. To evaluate (8) let us make use of the rectangular well
model. In this model we have

1

=U 8(r -R), ®)
dr
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Here U, is the effective depth of the well, R is the radius of the nucleus.

Substituting (9) into (8), we obtain
U Lk . ,
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V3 Mo "

where C, is the amplitude of the one-particle component in the wave function of the
compound nucleus; ¢, (R ) is the one-particle wave function. The value of C*¢, (R ) at
the surface of the nucleus can be estimated from the expression for the average neutron
width

L, = p, (B, JhvpRY C |} $4(R)| 2, (1)

where v, is the velocity of the particles on the Fermi surface, p(E,)=4(|E, |/Uy)"* is
the dielectric constant for a neutron with energy |E, | in a potential well of depth U,
Using (10), we obtain (U, — €, <U,)
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for €, ~0.025 eV, |E,|~1 eV, I, ~10"* eV and (R + 8)*~(0.3R )? the numerical
estimate of the width is I",, ~¢’E §(0) X 10 "7 eV. We estimate the intensity value of
the induced electric field at the nucleus from the formula (3). For atoms with Z ~ 100
and an ionization potential /,~5 eV EO(O)z 10® V/cm. Therefore we obtain a value of
the order of ~0.1 eV for the field width. The expression (7) for the cross section must

be averaged over the initial neutron energy distribution
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The integral in (13) is simplified in the following limiting cases:
1) resonance is not achieved (|E, | — @)/kT> 1, then
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2) resonance is achieved (|E, | — w)/kT~0, (I,, + 7)/kT<1 and
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here A, = # 2mkT . If the electron transition frequency corresponds to the reso-
nance case and the level width of the compound nucleus (~0.1 eV)y>kT, then the
average cross section is described by (16). Then, in accordance with (12), the average
cross section value can turn out to be close to 4%

The weakly bound S-levels of a2 compound nucleus (with a binding energy of ~ 1
eV) appear in the interaction cross section of thermal neutrons with nuclei in the
vicinity of the rare earths and actinides (for example, in U?*®). The density of the p-
levels of a compound nucleus is three times greater than for the S-levels. Therefore the
existence of the weakly bound p-levels of a compound nucleus, which can be excited by
means of the process considered above, is extremely probable for the lanthanides and
actinides.

Thus, spectroscopy of the negative levels of a compound nucleus is possible in the
case of resonance excitation of the electron cloud of appropriate atoms. Neutron cap-
ture in the negative levels should be accompanied by a considerable increase in the
cross section values of elastic and inelastic interactions of thermal neutrons with the
nuclei of the atoms.
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