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ELECTROFISSION OF **°*U IN ENERGY RANGE 10-34 MeV
By E. MARIAKsKA, I. SLEDZINSKA AND W. ZYCH
Institute of Physics, Warsaw Technical University*
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Experimental results are presented for the electrofission cross section of 235U in the
energy range 10-34 MeV. An analysis of the data has been performed using the concept
of virtual photons.

PACS numbers: 25.85.Ge

Contrary to photofiss'on reaction on 23*U which was investigated by several authors
[1-4], there are no data on the electro-induced fiss'on for this nucleus.

Electro-induced reaction, apart from the simpler experimental procedure, seems to
be more useful for the analysis of the contribution of various multipoles to the reaction
mechanism than the photo-induced reaction [5-7].

The measurements of the 235U(e, e'f) reaction cross section have been performed with
the electron beam of the 35 MeV betatron at the Institute for Nuclear Research in Swierk.
The energy calibration was done with an accuracy of 2%. Mica detector target sandwiches
were used to register the fission fragments in 2n geometry. The targets of 235U — 350 pg/cm?
and 23%U — 250 pg/cm? were used. The absolute values of the reaction cross section
have been establ'shed using the known 238U (e, €'f) cross sections [8]. The measured cross
sections for 2*3U(e, €'f) reaction are shown in Fig. 1. Only the statistical errors, not exceed-
ing 4% in most cases, are plotted. The systematic error including the target thickness
determination and the 238U (e, e'f) cross scction errors is 13%;. More experimental details
can be found in our earlier publication [7].

Results of our measurements have been analysed using the virtual photon formalism.
The electro-induced fission cross section o.(E,) can be expressed as:

Eq
o(Ey) = Z fajg(E)N“(E, Eg) -‘-IEIE, @
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where A and L are the mode and the multipolarity of virtual photons, F, and E are the
electron and photon energies, respectively, a¢§ is the partial photofission cross section,
N*H(E, E,) is the virtual photon spectrum, the same as was used in our previous paper [7].
1t has been obtained and kindly sent to us by Profs. D. S. Onley and L. E. Wright. For
the method of the calculation of the spectrum cf. Ref. [9]. The photofission cross section
has been calculated as:

oy H(E) = o (E)P(E), (2

where a.fL is the photon absorption cross section and P; is the fission probability calculated
in the same way as in [7], with the neutron binding energy and fission barier values taken
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Fig. 1. Electrofission cross section for 235U versus electron energy. The solid circles represent experimental

results. Curves a and b show the cross sections for E1 mode calculated with the Lorentz-lines parameters

of Caldwell [2] and Gurevich [3], respectively

from Refs. [10] and [11], respectively. The photoabsorption cross section has been taken
in the analytical form as the sum of the two Lorentz curves. The results of our calculations,
shown in Fig. 1, take into account only the electric dipole mode of the virtual photon
spectrum. The calculations have been performed for two sets of parameters defining the
photoabsorption cross sections. These parameters are given in Table I. Curve « in Fig. 1
corresponds to the parameters of Caldwell [2] and curve b to those of Gurevich {3].
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As can be seen in Fig. 1, the curve a lies above the experimental points for the electron
energy larger than 20 MeV. This may be due to the improper virtual photon spectrum
or/and to the improper photofission cross sections taken in the calculations. The right
results for the electrofission cross section for 23’Np obtained with the same virtual photon
spectrum, suggest, however, the latter possibility, i.e. the improper photofission cross
sections. In accordance with Eq. (2), the photofission cross section is a product of the
photoabsorption cross section a;”‘ and the fission probability P;. Because, as it was checked

TABLE 1
Parameters of the Lorentz-curve fits to the giant dipole resonance taken from Refs. [2] and [3]
E;(MeV) o,(mb) I'i(MeV) l E,(MeV) 0,(mb) I';(MeV) Ref.
10.90+0.05 328419 2.30+0.15 | 13.96+0.09 459410 4.7540.32 [2]
10.744+0.20 284+43 3.43+0.70 | 13.77+0.26 342+ 41 4.8240.64 31

by us, the calculated electrofission cross sections are not very sensitive to the values P,
the reason of the mentioned disagreement is expected to be in too large values of the photo-
absorption cross section taken from Ref. [2].

The curve b fits reasonably well to the experimental data up to the electron energy
of about 28 MeV, but this fact cannot be an argument for the absence of the contribution
of the multipolarity higher than one (dipole) to the electrofission reaction on 235U, The
statistical errors in the determination of Gurevich’s parameters, taken to the calculation
of the curve b, result in a 299 discrepancy in the electrofission cross section at 30 MeV
electron energy. That is more than the contribution of the quadrupole mode in 23"Np,
which amounts to about 229/ at the same electron energy. For these reasons, it is impossible
to draw a quantitative conclusion on the contribution of the electric quadrupole admixture
into the electrofission of 235U. We expect that the analysis of the angular distributions
for this reaction, which is in preparation now, will allow us to obtain more information
on the problem.

We would like to thank Profs. D. S. Onley and L. E. Wright for kindly supplying
us with the calculated virtual photon spectra. We also wish to express our sincere gratitude
to Dr J. Kielsznia and the INR betatron staff for their able operation of the betatron,
and to Dr hab. M. Jaskola for the help in the target-thickness measurements.
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