Photoneutron reactions near the threshold and the
optical model of the nucleus

M. G. Urin

Moscow Engineering Physics Institute
(Submitted September 9, 1976)
Pis’ma Zh. Eksp. Teor. Fiz. 24, No. 7, 450453 (5 October 1976)

A quantitative interpretation of the valence mechanism of the (yn) reaction near
threshold is presented. The formulas for the partial E1 radiative strength
functions and for the nonresonant part of the cross section are expressed in terms
of the shell and optical models.
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In connection with the recent progress in the experimental techniques, the
(yn) and the inverse reactions are intensively investigated in the region of over-
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lapping neutron resonances. The transition to the optical model, which can be
effected by the methods of the theory of finite Fermi systemsm makes it possi-
ble, in particular, to present a quantitative interpretation of the valence mecha-
nism of the radiative capture of neutrons. [2! This problem breaks up into two
parts: 1) parametrization of the S-matrix elements corresponding to elastic
scattering of the neutrons and the (yn) reaction, S,, and S,,, followed by aver-
aging the quantities S,,, S,,, 1Sy,|? over an energy interval containing many
peutron resonances; 2) derivation of formulas for the average values in terms
of the shell and optical models, (We confine ourselves to the case of practical
importance, when the elastic neutron channel is the principal channel of the
neutron-resonance decay, so that IS,,| 2= =1, and the photo-absorption cross
section coincides with the cross sectlon of the (yn) reaction,

We assume that the neutron resonances correspond to simple poles of the
scattering matrix. In the energy interval near one of the neutron resonances
we represent the quantities S,,, and S,,, in the form

SpnlE) = P € - T (1a)

. . iy, ‘/z
Sya(E) = ' ¥]| 558 | - it 2 : (1b)

E-E, + Lzync

Here E is the neutron energy, v;42 and v,./? are the amplitudes of the neutron
and radiative widths of the resonance; the quantity S221%= o2&/ grx? determines the
nonresonant part of the cross section of the (yn) reactxon When the neutron
strength functions S, =v,/d ty, is the average neutron width and d is the average
energy interval between resonances with definite values of spin and parity) are
not small, formulas (1) must be modified in such a way as to take into account
the contribution of the neighboring resonances without violating unitarity of the
S matrix. Bearing in mind the subsequent averaging, such a modification can
be realized by making the substitutions
d d
E - E-»—I_E E,-—}/*——th—-
g— ( ) x 24

(We have used a model of equidistant resonances. ) Taking this remark into
account, we obtain the average values S and S
_ 202
S =e“§ 1’, 7= %nS, | (29)

nn

—_ . : 1

Syp= el PUISOEN - P (1= e ?T)(S, /S, )% 1. (2b)
Formulas (2a) coincides with the result of®], Formula (2b) was obtained under
the assumption yI/%y1/7=y1/%3/2 5o that the radiative strength function for

the partial transition S,=v,/d describes the valence part of the radiative width,
which correlates with the neutron width, Under this assumption, the expression
for the average cross section of the (yn) reaction takes in accordance with (1b)
the form
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PR 2 -27 b 1
ay"/gm‘zy-.- [‘Syn‘2=|5;b,§| +2(1-e ) [Sy/Sn—cos¢|5yg|(5y/sn)/z], 3
1t follows from (2) and (3) that the fluctuation cross sections for elastic scatter-
ing and the (yn) reaction are determined by the strength functions:

~ 2
a,{,f/gnﬂﬁ:l—lsn“ = 1-e™47, (4a)

fi 2 _ g
ayn/gniy ISy"I

215,17 = (1= e 4M)(S, /S,). (4b)

Using the basis of shell model, we can change over to the optical model by
averaging the amplitudes of the elastic scattering of the nucleon or of the y
photon by the nucleus over the compound-nucleus states, 4,51 Ag applied to the
elastic scattering of nucleons, the conclusion is that the average amplitude of the
scattering can be calculated With the aid of the optical model with Hamiltonian
h(v) =hy7v) + Ar(r), where h, is the Hamiltonian of the shell model and Imak <0,
Let ¢ and 7 be respectively the real and imaginary parts of the scattering phase
shift of the nucleon in the optical potential. Then ¢ can be identified, in accor-
dance with (2a), with the nonresonant elastic-scattering phase shifts, and n
determines the neutron strength function,

In the case of an E1 transition of the valence neutrons, the average amplitude
of the (yn) reaction, which determines the so called optical cross section, is
calculated in the following manner with the aid of the optical model®];

°P‘/gnx2 = |s 12= Koy | [ X5 (r)e xy(r)dr|?, (5)

Here x(“) is the optical-model wave function of the neutron in the continuum:
(h=Ex$=0; Xp is the shell wave function of the neutron in the bound state;
(hg=Epxp=0; E=E,+Ey; K, is a kinematic factor. The formula for the valence
part of the average cross section of the dipole photoabsorption was obtained inf®]
via a transition to the optical model in the expression for the corresponding
polarizability of the nucleus. Using this expression, and also relations (2a),

(4), and (5), we obtain the following formula for the valence part of the partial
E1 radiative force function in terms of the shell and optical models:

S,/8, = Kgp(1- e MY 2lm [ X, (r)r G O(r, r7iEYr "X, (r "Ydrdr

- 27| (X x,dr|?}, (6)

where G*)r,»' E) is the optical-model Green’s function: (k—E)G*' ==5(r
-7').

If we use in the energy interval near the single-particle resonance the pole
representations for the quantities €42, y{, G#N(E), then we can obtain for
the ratio of the strength functions (6) the expression S,/S,=T,/T,, where T,
and T, are the single-particle radiative and neutron widths. Although a quan~-
titative determination of the single-particle widths contains a certain leeway,
this ratio makes it possible to regard the single-particle state (quasi-discrete
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level) as the doorway state, According to the theory of doorway states, the
quantity 8’ = (T,,/T')!/%S,, constitutes, apart from a phase factor, that part of the
S-matrix diagonal element which corresponds to scattering of a neutron with
excitation of a discrete level, and y,o/Vyp.=T,/ T, The optical theorem IS’(E) |2
== 2Re8’(E) together with formula (1b) makes it possible to obtain the missing
connection between the quantities cos¢ and 1S2%1, which characterize the cross
section of the (yn) reaction near the threshold:

2cos ¢ = (5,/5 ) A|S2E | 0

Using next (2)—(7), we obtain an expression for the nonresonant cross section
of the (yn) reaction:

2
al8/gnk} = K,pe?M2u(l+ thy) | [XG) rx,dr |

+ 2th1]lmebrGg)(r,r:E)r'derdr'l, (8)

Formulas (2a), (6)—(8) solve the problem concerning the expression of the
parameters of the partial cross sections of the photoneutron reactions near the
threshold, E1 valence transitions, in terms of the shell and optical models,
The semiquantitative analysis inf® shows that the virtual excitation of the giant
dipole resonance (the appearance of a dynamic effective charge) has little on
the valence transition near the shape resonance,

We note in conclusion that in'"] the formulas for the quantities S,, S,, [S%|
were obtained by changing over to the optical model in the expression for the
average K matrix, without resorting to calculation of the fluctuation cross
sections. Therefore the formulas of("! differ from those given above, Estimates
show that for nuclei in the immediate vicinity of the s resonance of the shape,
the difference between the values of S, at energies E ~10% keV can reach 1 or 2
orders of magnitude,
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