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A new method for the determination of average resonance
parameters by analyzing the differential cross-sections of keV-
neutrons elastically scattered by even-even nuclei has been
developed on the basis of the relations established between the
coefficients w1 and w2 of the expansion of the differential cross-
sections in Legendre polynomials and the diagonal elements 7o
and n; of the averaged S-matrix. For illustration, a complete
set of average resonance parameters So, S1, Ry, R}, S1,1/2, and
S1,3/2 for a 11631 nucleus has been obtained and their analysis
has been performed.

Introduction

The strength functions S; and radii of potential
scattering R; determine average cross-sections in the
region of unresolved resonances [1]. Values amplitudes
can be obtained by making use of two main methods:
by analyzing resonances in an energy region where they
are resolved, and by analyzing average cross-sections in
a region of unresolved resonances. The first method is
straightforward. But it has substantial shortcomings:
the number of resolved resonances is small (several
tens or less) for most nuclei, resonance parameters are
often unknown, and weak resonances can be missed in
experiment. The second method is not straightforward.
It requires knowing experimental cross-sections with a
high accuracy. Moreover, the procedure of theoretical
description of cross-sections becomes often problematic
if a considerable intermediate structure exists. As a
result, parameters defined by different methods are
often inconsistent. Therefore, although a great body
of experimental data concerning resonance parameters
is now available, the recommended values [2—4] are
of low reliability and, with the appearance of new
experimental data, can change their magnitudes by a
factor of 2—3. Hence, the development of new methods
for determination of average resonance parameters from
experimental data remains an actual problem until
now.
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A new method for the determination of average
resonance parameters from the experimental differential
cross-sections of low-energy neutron elastic scattering
was developed and applied in [5]. In the framework
of the single-level R-matrix approximation, expressions
connecting the differential cross-section parameters e,
wi, and we with strength functions and potential
scattering phases for orbital momenta [ = 0 and
1, have been derived. By fitting those parameters to
their experimental values, the complete sets of average
resonance parameters So, S1, Ry, Ry, S11/2, and Sy 3/2
have been obtained for many nuclei. Nevertheless, the
method is very complicated and cumbersome, and the
obtained resonance parameters deviate in many cases
from recommended ones and hence require an additional
verification.

In this work, we have shown that the average
resonance parameters can be determined from the
differential cross-sections of neutron elastic scattering
and in the framework of the nuclear optical model.

1. Procedure for the Determination of
Average Resonance Parameters

The optical model allows one to estimate the diagonal
elements 1; = Rre — iMim Of the scattering matrix which
determine the total cross-sections as well as the cross-
sections of potential and compound scatterings [1]. For
many nuclei, mainly the orbital momenta I = 0 and
1 make contributions to the neutron interaction in the
investigated energy range, while the neutron radiative
capture cross-sections can be neglected (0; =~ 0e1). In
this case, the cross-sections in the optical model can be
expressed as follows:

050 = 7TX2(2 - 2"70He - TO)a (1)
Os1 = 3#)&2(2 —2mRe — T1), (2)
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O = 0eo + 0o = AT + 37 X°TY, (3)

Oel = 27TX2 (4 — TJORe — 3771Re)a (4)

where T; = 1 — |n;|*. Differential cross-sections in the

optical model are

9 2

real) = o (S @+ D= m)Pila)]| 6
l
Ocel(pt) = % > BLPu(p), (6)
L=0,2

where the coefficients By, for even-even nuclei and [ =
0,1 have the forms

1 o
By = - (To +3T1) = il2,15’2 =T)3/2- (7)
2 2T X

If we expand the experimental differential neutron
elastic scattering cross-sections in Legendre polynomials
as

Oel

= E{1+W1P1(u)+wzp2(p/)}v (8)

oer(p)
the expansion coefficients w; and w- are determined by
the averaged cosines [z of the elastic scattering angle and
by averaged squares of cosines F [6], which, in turn, are
expressed through the matrix elements n; [7]. It made
us possible, using Egs. (5)—(7), to obtain the following
expressions for the coefficients:

6 X’
wi=— ) (1 — 7oRe — MRe + NoReM1Re + M0Im71Im) »
e
9)
2 2
Wy = — (0'31 +7T)\ T1,3/2) . (10)
Oel

In resonance theory, average cross-sections are
determined by average resonance parameters Sp, Si,
Rj,, and R}. For narrow resonances, the average cross-
sections of potential and resonance scatterings coincide
with those of potential and compound scatterings
in the optical model. Taking into consideration that
penetration factors depend on the quoted neutron
strength functions through the relation

T,=1-exp (—QWSlUl\/E) , (11)

(kR)?
1+(kR)?’
elements are determined by strength functions and

where vog = 1, vy = and that average matrix
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potential scattering phases, the expansion coefficients
of differential cross-sections oe, wi, and ws can be
expressed through the resonance parameters Sp, S, Ry,
R}, and S 3/5, which can be determined from the fitting
to experimental values of o), wi, and w». The average
cross-sections of the potential scattering were taken in
the fitting procedure as [1]

050 = 4 X% sin® 6o(1 — 0.5Tp),

os1 = 127X% sin? 6, (1 — 0.5T7), (12)
where dy = arcsin(pR3°) — p, 01 = arcsin(pv; RS°) —
p + arctanp, p = kR, R = 123VA + 08, k =
A =0.219682 VE, R = R[1 — (2] + 1)R;°]. Thus,
a complete set of average resonance parameters Sp, Ry,
Ri, S11/2, S1,3/2, and S1 = (S1,1/2 + 251,3/2)/3 can be
determined from a fitting to experimental values of o,
w1, and ws.

To illustrate the application of the method proposed,
the results of calculations of resonance parameters are
shown below for a nucleus **¢Sn.

2. Results of Calculations of Resonance
Parameters and Their Analysis

In [5], the experimental data on o, wy, and wy for
a number of nuclei, including ''6Sn, were published.
The measurements were carried out by the time-of-
flight method for various energies of an interval of
1—442 keV. The obtained resonance parameter values
were published in [9]. Since the energy resolution of the
experiment at the beginning of the interval was much
less than the average distance between s-resonances of
H16Sn (Do ~ 0.6 keV [2,4]), we carried out an extra
averaging of experimental data over energies.

The recommended values for various resonance
parameters, calculated by different methods on the basis
of different experimental data and already passed an
earlier analysis, have been published in the literature for
many nuclei [2-4]. They are worth to be preserved while
carrying out a fitting procedure for the determination
of other resonance parameters. This will allow one to
test the recommended values for their agreement to
experimental data on oe, wy, and wy; and, moreover,
to diminish, to some extent, a negative influence of
correlations, existing between resonance parameters, on
reliability of the results obtained.

For ''®Sn nuclei, the recommended resonance
parameters are Sy = 0.26(5) [4] or 0.40(25) [5], and
R}, = 6.2(1) [3] (the errors are indicated in parentheses;
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hereafter, all the parameters S; are measured in 1074
units, and R} in fm). At first, the fitting to the
experimental values of oq, wy, and ws was fulfilled at
the fixed Sp = 0.26 and R{, = 6.2. The results obtained
are shown by curve & in the figure, where the cross-
section components e = 0.9 + 0.1 + 050 + 051 are also
depicted. It is seen that, for an energy decrease below
of ~ 10 keV, the cross-sections o9 drastically grow (the
value of 7X* has a 10-fold rise as the energy decreases
from 10 to 1 keV). It is also seen from the figure that
the use of the value S; = 0.26 results in a notable
increasing of the cross-sections o, at the beginning of the
energy interval, which evidences for an overestimated
value of that parameter. An optimal fitting was obtained
for So = 0.16, which is consistent within the error
limits with a recommended value in [4] and, at the
same time, makes it possible to describe well the cross-
sections e (curve 1). The relevant obtained values
for resonance parameters are quoted in the table (the
components of the cross-sections o, which are shown
in the figure, were calculated using those quoted values).
The results of calculations with the values of resonance
parameters taken from [9] are also depicted in the
figure (curves 2) and, in general, agree well with
the results of our fitting, excluding the cross-sections
Oel, especially at the beginning of the energy interval.
Those inconsistencies arise from the preservation of the
recommended value Ry = 6.2 in our calculations.

It is seen from the figure that the experimental
values of g1, w1, and ws obtained by various authors
have notable dispersions that are especially large for
the cross-sections oe. They illustrate difficulties arising
in the determination of resonance parameters from
experimental data by fitting methods.

Conclusions

In this work, a new method for the determination of
average resonance parameters from the experimental
differential cross-sections of elastic neutron scattering
by even-even nuclei in the keV-energy region has been
developed. The method is rather simple and allows one
to verify the available values of resonance parameters
upon their correspondence to experimental data and
to diminish their errors, if needed. The method was
illustrated by applying it to a ''6Sn nucleus, for which

Average resonance parameters of 116Sn nucleus
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Energy dependences of the parameters oe, wi, and ws for a
1163n nucleus. Experimental data: [9] (squares), [10] (circles),
[11] (crosses). Results of calculations: the fitting curves for the
resonance parameters of the current work (1), of the work [9]
(2), and for recommended resonance parameters (curve 3); the
components of the cross-sections o, obtained for the resonance
parameters of the current work: os0 (4), 051 (5), 0co (6), and oc1

(7)

a complete set of average resonance parameters S,
S, Ry, Ry, Si1/2, and Sy 3/5 has been obtained. The
recommended values for the parameters Sy and Ry,
within the error limits, were preserved in this set, and
the other parameter values are in a good agreement with
the available dependences of those parameters on A.

The authors are grateful to Prof. A.V. Ignatyuk
(“FEI” State Scientific Center of Russian Federation,
Obninsk) for his participation in the discussions of the
results obtained and valuable remarks.

So,1-10=% [ si,1-1000 | Syye,1-107%0 | Sigp,1-107f | Ry, | RLE ] Source
0.16(5) 3.26(31) 4.50(94) 2.64(22) 6.2(2) 10.4(4) This work
0.16(4) 3.81(24) 7.0(1.0) 2.21(14) 5.7(2) 11.3(4) [9]
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BUSHAYEHH{ CEPEJHIX PESOHAHCHUX I[TAPAMETPIB
I3 IIEPEPI3IB MPY>KHOI'O PO3CIAHHA HENTPOHIB
ITAPHO-ITAPHUMMU AJPAMUI B OBJIACTI

HU3bKUX EHEPTIN

M.M. IIpasdusuii, I.0. Kopowc, M.T. Craap
Peswowme

Pospobiiero HOBrit MeTO BU3HAMEHHS CEPEIHIX PE30HAHCHUX IIa-
paMeTpiB 3 aHaJNi3y eKCIepHMEeHTAJIbHUX AudepeHniaJbHuX IIe-
pepi3iB NpPY2KHOrO PO3CIAHHSA KiJIOETeKTPOHBOJIBTHUX HEUTPOHIB
[MapHO-IAPHUMH siApaMu. BcraHoBsieHO 38’130k KoedirienTis po3-
KJIaay wi i wa audepeHIialpHuX nepepisis 3a mominomamu Jlexan-
npa 3 IlarOHAJLHHMHE €JIEMEHTAMH 7)o i 7)1 CepegHbol S-marpwuii,
10 A€ 3MOT'y BU3HAYATH CepeIHI pe30HAHCHI mapaMeTpu. 4K npu-
kias gist siapa 119Sn i3 masHUX excrepumenTanpHEX TapaMeTpin
Oel, W1, W2 OTPUMAHO MOBHUM HAOIp cepegHiX PE3OHAHCHHX Iapa-
merpis So, S1, Ry, R, S1,1/2, S1,3/2 | nposezeno ix amais.
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