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ABSTRACT

The cross section data of /n,2n/ reactions predicted by different
empirical formulae are compared with each other and with the experimental
data. The predictions from the Adam-Jéki formula with refitted parameters
show an improved agreement with the measured cross section values.

PESIOME

B pa6oTe 0606WeHbl aMmnupuyeckme GOpMynbl, CAyXalue ANS pacyeTa CeyYeHUs
peakuuii /n,2n/. BblUACNEHHble 3HAYe€HWS CeYEeHW CpaBHUBAOTCA C IKCMEpPUMEHTaNlbHbI-,
MW faHHbIMKW. [0Ka3aHO, 4TO NPUMEHEHWeM BUJOM3MEHEHHbIX MapamMeTpOB, 3HA4YeHUs ce-
UeHWIii, BbIYMCNAEMble C NOMOWbIO (opmyn Agam - Meku, XOopowo coBnajaldT C U3MEPEeH-
HbIMM 3HAYEHUAMMU.

KIVONAT

Osszehasonlitjuk az /n,2n/ reakciok hataskeresztmetszetének szamita-
sara szolgalé empirikus formulakat, a szadmitott hatadskeresztmetszet-értéke-
ket O6sszehasonlitjuk a kisérleti adatokkal. Megallapitjuk, hogy a modositott
paramétereket hasznalva az Adam-Jéki formulaval szamithatd hataskeresztmet-
szetek jol egyeznek a mért értékekkel.



The (n,2n) reaction cross sections are of interest in many fields
of applied physics concerned with neutron energies from 10 to 15 MeV. These
cross sections are usually evaluated from activation analytical data. The
available experimental values show unfortunately a very large spread owing
to the limitations of activation analysis and in many cases to poor know-
ledge of the level scheme involved. There are still a number of nuclei for
which the cross section data need to be determined in addition to these more
or less known from the reported experiments. The latest edition of World
Request List- for Neutron Data Measurements /WRENDA/ [I] specifies more than
30 nuclei with reaction cross sections which would be of interest to know
for experiments in dosimetry, activation analysis, neutron yield monitor,
breeder reactor design or for the study of cross section systematics. In a
more recent publication [2] again more than 30 nuclei /most of them not
included in the WRENDA specification/ are listed. Apart from the applica-
tions cited above, the (n,2n) cross sections have to be known also for the
design of fusion reactors.

Csikai and Pet6 [4] have shown an N-Z dependence to exist in the
values of the (n,2n) cross sections. At energies exceeding the threshold
energy for reaction by the same energy i.e. at constant excess energy, the
cross section versus N-Z plots yield a straight line if Nor Z is constant,
the cross section varies linearly with /N-Z/. This dependence permits also
unknown cross sections to be evaluated. The values of cross sections esti-
mated by making use of this N-Z systematics were published by Body and
Csikai £3] along with cross section values predicted by other formulae.
These formulae include the expression referred to by the authors as the
Adam-Jéki phenomenological formula [5].



The Adam-Jéki expression has been originally formulated in order
to show the non-existence of the shell effect observed by several workers.
The three parameters of the equation were fitted to 35 experimental data.
Later an attempt was made to use this formula for the prediction of unknown
cross sections. For this reason a new fit was made with the use of more than
120 experimental points and also the application limits of the parameters
were evaluated [6] as

C1 c2 me%rn

N £ 28 0.085 20.0 550

28 < N £ 50 0.06 8.45 1900
50 < N < 82 0.06 9.5 2600
82 < N 0.15 14.0 3500

B5dy and Csikai [3] have found in their comparison that the Adam-
-Jéki formula gives usually an overestimate of the cross section as compared
with the experimental values and that the deviation from the experiment is
not symmetrical around 0 /Fig. 1 broken line/. Their calculation showed a
much better agreement for the predictions obtained with the Pearlstein
formula [7] /Fig. 1 dotted line/. The predictions from the Adam-Jéki formula
with the refitted parameters [6] show an improved agreement and the devia-
tions become symmetrical around O. These predictions were compared with the
experimental data referred to in [3] and the result is shown in Fig. 1 by
a solid line. It is apparent from the figure that both the Pearlstein and
the Adam-Jéki expressions show symmetrical distributions of the deviations
around 0 while the former gives a slightly underestimated, the later a
slightly overestimated cross section as compared with experiment.

In Table 1 the values predicted from the N-Z systematics [3], the
Pearlstein formula [7] and the refitted Adam-Jéki formula [6] are listed in
columns 1, 2 and 3 respectively. The experimental data available to date
do not permit the confidence limits for the three formulae to be established.
The maximum deviations arise for the nuclei far from the stability line but
for these species the experimental data are scarce.

The cross sections for Mo(n,2n) and Nb(n,2n) reactions required for
the design of fusion reactors as calculated from the above formulae [8] are
compared in Fig. 2 with the most recent measurements reported by D.S.Mather
et al. [9]. It is of interest to note that the Adam-Jéki and the Pearlstein

predictions agree very well with experimental data.
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___Adam Jéki, from Ref. [3]
___ Adam Jéki with refitted parameters, Ref [6]

Pearlstein, from Ref. [3]

Fig. 1
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