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The results of a measurement of the beta spectra of the products of 2**U fission
by thermal neutrons are presented. The conflicting situation, which arises in
comparing the calculated B~ and v, spectra with the experimental 3~ spectra
and v, spectra that are obtained in neutrino experiments in nuclear reactors, is
discussed.

PACS numbers: 25.85.Ec, 23.40.Bw, 27.90. + b, 28.40.Nw

Knowledge of the reactor v, spectra is required for basic research in nuclear re-
actors and for neutrino diagnostics of processes occurring in reactors.! Interest in
this area has increased dramatically recently because of the ongoing search®® and
the future search*® for Pontecorvo oscillations.5

For several years, two groups—an American group (AG) and a Soviet group—
have been engaged in the calculations of 7, spectra, using fission-fragment yields and
decay schemes; they have been joined recently by a new group (DV) in the USA.
The m60st recent data obtained by these groups have been published in 1978 through
1980578

Despite the fact that the authors have used fission-product data that differ little,
their results do not agree. The major differences can apparently be attributed to the
fact that about 30% of the decay schemes and the yields of certain fragments are un-
known, and the authors had to make various hypotheses concerning them.

Under these conditions all the data cause certain doubts, and an additional cri-
terion is required to ascertain what data are true. Such a criterion is the degree of
agreement of the calculated spectra of f electrons, which are obtained simultaneous-
ly, with the 7, spectrum and with the 87 spectra of the fission fragments, which are
obtained experimentally.

During the last ten years, there has been only one paper® published, in which the
results of the measurements of the §spectra of 235U fission fragments, have been re-
ported. We have therefore carried out new measurements of the spectra of electrons
produced as a result of fission of 225U and ?3?Pu by thermal neutrons. We are not
going to discuss the methodological problems since we are now interested only in
comparing the 8 spectra obtained by calculation with those obtained experimentally
and the U, spectra corresponding to them.

The calculated and experimental results for the 7 spectra are shown in Fig. 1.
The calculated values of the Soviet group” are assumed to be unity. It can be seen
in Fig. 1 that our data in the energy range 1.5 to 7 MeV are in good agreement with
the experiment® and with the calculations of the Soviet and the American (AG)
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FIG. 1. Ratio of the spectra of electrons from 235U fission fragments for calculations (curves)
and experiments (points) to the data of Ref. 7. Curves: 1—Ref. 6 (AG), 2—Ref. 7, 3-Ref. 8
(DV). Points: o—our paper, o—Ref. 9, 4—spectrum of electrons from fragments of 2*5U fis-
sion by thermal neutrons.”

Sroups.

The calculated spectrum of the (DV) group lies below ours and the discrepancies
increase with increasing energy. The errors and the difference between all the spectra
increase at energies higher than 7 MeV; however, this is not of great importance now
because of the small contribution of this energy region to the cross section.

Qualitatively, the same picture is observed in the ¥, spectra shown in Fig. 2: the
spectrum proposed by the DV group is significantly softer.

Based on the presented discussion, we conclude that the data of Refs. 6 and 7
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FIG. 2. Ratio of the spectra of antineutrinos from ***U fission fragments to the data of Ref. 7.
Curves: 1—Ref. 6 (AG), 2—Ref. 7, 3—Ref. 8 (DV), 4—spectrum of antineutrinos from fragments
of #35(J fission by thermal neutrons.”
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must be used to calculate the predicted effects in the higher region of 7, energies (up
to 7 MeV).

We turn now to the results of an investigation of the reaction
~ +
v, +p-on+e 1)
in reactors.

The results of the paper by Nezrick and Reines!! were analyzed*® and a conclu-
sion was reached that the predicted cross section, which was calculated from the
spectra of the Soviet group (1.27 X 107 cm?), lies about 35% above the experimen-
tal value of (0.94+0.13) X 107 ¢m?

The e* spectrum of the reaction (1), which was obtained at Grenoble? in an ex-
periment aimed at finding Pontecorvo oscillations, was published at the end of 1980.
This spectrum, as well as the total cross section, agrees within the error limits with
the calculated 7, spectrum of the DV group and is 30-40% below that predicted from
the spectra of Refs. 6 and 7.

Thus, the data discussed above are in poor agreement with each other. On the
one hand, the calculations of the Soviet and American (AG) groups confirm satis-
factorily the measurements of the f~spectra of the fragments and do not support the
data of reactor experiments, whereas the calculations of the American (DV) group are
consistent with the results of the reactor experiment at Grenoble and inconsistent
with the experimental § spectra of the fragments.

The Grenoble experimenters assumed with certain reservations that the 7, spec-
tra of the American (DV) group are preferable to the others and concluded that their
results are consistent with the absence of Pontecorvo oscillations (at a distance of
8.7 m from the reactor). We wish to point out that another point of view is possible.
If the data presented above do not contain unaccounted for errors, then the experi-
mental situation is consistent with the fact that (a) the ¥, spectra obtained by the
Soviet and American (AG) groups are close to the true spectra and (b) Pontecorvo
oscillations, which cannot be resolved in the observed e* spectrum in the reactor ex-
periment, although they appear in the decreasing total cross section, are valid.
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