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The P-parity nonconserving asymmetry of the fission of 22U and #*°U was
measured by using the integral method. The escape asymmetry coefficients of a
light fragment are equal to (3.60 + 0.34)X 10 ~*and (0.75 4+ 0.12) X 10 ~*,
respectively. The violation of spatial parity is accompanied by a P-parity-
conserving, left-right asymmetry with the coefficients ( — 3.24 + 0.33}x 10 —*
and (1.65 4- 0.11)x 10 —*, respectively.

PACS numbers: 25.85.Ec

Borovinkova et al.! described a device for measuring the escape asymmetry of a
heavy charged particle in polarized-thermal neutron capture reactions. The use of an
integral method for detecting the reaction products with separation of the light and
heavy particles according to the path length in the gas has made it possible to increase
the sensitivity of the experiment by more than an order of magnitude. The escape
asymmetry of the light (heavy) fragment in the direction of and opposite to the com-
pound-nucleus spin, which is attributable to the violation of spatial parity, i.e., a weak
nucleon-nucleon interaction, is of considerable interest. Such asymmetry was initially
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FIG. 1. Geometry of experiments. 8
is the angle between the unit vector in
the direction of neutron polarization
and the detector D in the perpendicu-
lar plane to the momentum of the in-
cident neutron.

6,,[;,,7] <o

observed in the fission of heavy ***U, #*°U, and ***Pu nuclei by polarized thermal
neutrons.>™ These processes must be investigated in detail because of the vagueness of
the theoretical description of this effect. In this investigation we have measured the
probability for the escape of a fragment in the perpendicular plane to the direction of
neutron incidence as a function of the angle between the direction of fragment escape
and the spin of the captured neutron in the fission of **U and ***U.

The investigation was performed at the B.P. Konstantinov Institute of Nuclear
Physics, using a polarized thermal-neutron beam with an intensity of 6 107 neutrons-
/sec of the VVR-M reactor.® Two multifilamentary proportional counters which re-
corded only the light fragments' in the current mode, were used as detectors. The
targets were fabricated by thermal deposition of UF, on 100 to 200-ug/cm’-thick
titanium substrates. The thickness of the >*>U layer was 150 ug/cm?” and that of 2*°U
was 500 ug/cm?®. To equalize the fragment spectra on both sides of the target, we
covered the UF, surface with a second titanium foil. The neutron spin was flipped
adiabatically with respect to the guiding magnetic field in a crossed, high-frequency
magnetic field and in a nonuniform constant magnetic field.> When the high-frequency
magnetic field was turned off, the neutron retained its polarization direction along the
guiding field and the on-off cycle was equal to 3.6 sec. The polarization direction of the
neutron beam with respect to the detectors was reversed periodically (about every 24
hours) by reversing the current in the Helmholtz coils that produced the guiding
magnetic field for the neutrons in the target. The sought-for effect, therefore, changed
its sign, all things being equal. The asymmetry coeflicient was calculated as one-haif
the difference in the value obtained for opposite directions of the guiding field. The use
of two different methods for changing the spin direction enabled us to obtain a result
that was corrected for instrumental asymmetry four times faster than in the case of
measurements using a polarized and a depolarized beam. In contrast to Ref. 1, we
measured the asymmetry coefficient separately by using two detectors that were sym-
metrically placed on both sides of the target. This made it possible for us to further
monitor the instrumental asymmetry.

Figure 1 shows the geometry of the experiments. We show one of the two, sym-
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i 1 FIG. 2. Escape asymmetry of the light fragment
-180 -390 180 ig the 2*’U fission: O —data of our experiment
H” —data of Ref. 3.
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metrically positioned detectors, which corresponds to the asymmetry signs given be-
low (a plus sign denotes preferential passage of a light fragment into the dectector).
Figures 2 and 3 show the asymmetry coefficients for the escape of a light fragment as a
result of fission of **U and ***U:a=(N, —N_}/(N, + N_), where N, and N _

are the number of light fragments that go into the detector and in the opposite direc-
tion, respectively. The asymmetry coefficients, which were averaged over both detec-
tors, were corrected for the degree of the beam polarization (97%) and for the detec-
tor-length factor (0.81). In the calculation the asymmetry coefficients were assumed to
be constant for all the terms of the light group of fragments. In addition to the P-parity
violating asymmetry (6 = 0 and 180°), we observed a left-right asymmetry (6 = + 90°)
corresponding to the correlation between the neutron spin and the vector of the reac-
tion plane of the type o, [P, ,P], where o, P,, and P are unit vectors in the direction
of the neutron spin and the momenta of the neutron and light fragment, respectively.
In this notation the most probable mechanism for the occurrence of left-right asymme-
try is the interference of the s and p states in the thermal neutron capture reaction,
which is analogous to that observed earlier in the °Li(n,z )*He reaction.’ Addition of
two independent angular distributions of the form W (6)~ 1 + acos(@ + ;) gives the
same kind of total asymmetry which is rotated by an angle equal to the arctangent of
the ratio of their coefficients. As for the pure left-right asymmetry, the rotation
amounts to — 24.1 4- 2.2° (***U fission) and + 48. + 4° (***U fission). The error in the
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FIG. 3. Escape asymmetry of the light
fragment in the 2°U fission: O —datg of
our experiment /\ —data of Ref. 4, [1—
data of Ref. 6.

adjustment of the guiding magnetic field, i.e., the direction of neutron polarization,
relative to axis of detector I-target-detector II is less than 3°. Another possible source
of discrepancy between the geometrical and actual detector axes is the displacement of
the center of mass of the “glowing region” of the target relative to its geometrical
center. Since the titanium substrates are “transparent” to the fragments, such a dis-
placement should be in the opposite direction for both detectors. In our measurements
the asymmetry rotation angles for the opposite detectors are within the experimental
error limits 46, = 2.2 + 4.7° (**°U fission) and 46, = 14 + 7.5° (***U fission). The ob-
tained results are consistent with the constraint on the coefficient of left-right asymme-
try in the ?**U fission: |a; _ ;| <3X 10 ~*(90% confidence level). The reasons for the
discrepancy between Ref. 3 and Ref. 6 are not clear.

Thus, it has been established that P-odd asymmetry in the **5U and **U fission
with the coefficients (0.75 4 0.12)x 10 ~* # and (3.60 + 0.34)x 10 ~* is accompanied
by a P-odd, left-right asymmetry with the coefficients (1.65 4+ 0.12)x 10 ~* and
(— 3.24 +0.33)< 10 —*, respectively.

Extrapolation of the contribution of P-wave neutron capture at energies of 0.1-30
keV 7 to the region of thermal energies shows that the left-right asymmetry corre-
sponds to almost the maximum possible interference of the s and p amplitudes, if the
highly unlikely case of the entrance of p resonance into the thermal region is disregard-
ed for both nuclei. If such interpretation of the observed P odd asymmetry coincides
with reality, then we can realize in the nuclear fission process the conditions for which
the mixing of the s and p states due to capture of a thermal neutron can be preserved at
the stage of a hot compound nucleus to the stage of a pear-shaped deformation and can
determine the fragment emission asymmetry. Analogously, an addition of the states of
opposite parity at the stage of the hot compound nucleus, which are retained during its
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cooling, determine the P-odd asymmetry of the fragment emission. Thus, there are
reasons to believe that parity nonconservation in the fission process, which is basically
identical to the escape asymmetry of y-ray quanta in the capture of polarized neutrons,
is determined by the dynamic enhancement effect, consistent with the hypothesis ad-
vanced in Refs. 8 and 9 and inconsistent with the explanations proposed in Refs. 10
and 11.

In conclusion, the authors thank the personnel of the VVR-M reactor and the co-
workers in the information and computer center of the neutron research laboratory,
and also Yu. V. Ryabov for a discussion of the contribution of the p wave to the 2*°U
fission.
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