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Evaluation of a Mistaken Asymmetry in the Projected Experimental Search
of Spatial Anisotropy of Gammas from *®Ag(n,y) Reaction at Neutron
Energies near 32-eV p-Wave Resonance
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Investigations of the spatial parity violation in nuclear reactions, which were started in
60-th years of the last century, are of current importance up to now. In the compound-nuclear
reaction, a weak interaction appears as small states mixing which results in anisotropy of the
reaction-products emission. According to theoretical estimation, there is a dynamic
magnification factor for the mixing of the states of opposite parities, and for middleweight
and heavy nuclei it has to be ~10°.

An experiment is prepared for a detection of the anisotropy of y-quanta emission at the
radiative decay of “*°Ag nucleus after capture of neutrons with energies in the region of 30.6-
eV s-wave and 32.7-eV p-wave resonances of %’Ag isotope. As these two closely spaced
states just have opposite parities, the dynamic magnification factor is a promoting cause for
experimental detection of the sought y -emission anisotropy effect. The experiment is planned
to run by the time-of-flight method at 10-m flight-path of the IREN facility.

A multiple scattering of neutrons before capture in the target always distorts the shape
of neutron-capture resonances measured with the time-of-flight technique, and there are
difficulties for a choice of the sample thickness in order to minimize an undesirable distortion
of the desired anisotropy effect. A compromise must be found, as the unambiguity of the
required effect demands a thin target, while a thick target is preferable for a high statistical
accuracy. It might be as well to provide an absolute advantage of neutron capture without
their scattering in the target and, at the same time, the statistics must be high enough.
Moreover, the investigated p-wave neutron resonance of ®Ag is located on a slope of its
strong s-resonance which complicates a background removal.

As the experiment preparation, Monte-Carlo simulations have been made to determine
a contribution of multiple scattering of neutrons before their capture in natural-silver plates
(51.8% of '°Ag and 48.2% of **’Ag) of several thicknesses (0.05, 0.1, 0.15, 0.25, 0.35, 0.5
and 0.65 cm) and the same 10x10 cm? cross size. Capture and scattering cross sections of
1%Ag and *"Ag isotopes were taken from the tables of ENDF/B data-library, where Doppler
broadening was already taken into account.

In Fig.1 there are calculations of total capture of neutrons by natural silver of these
different thicknesses (close points) as well as cross sections for neutrons captured without
scattering in the targets (open circles), for neutrons captured after multiple (crosses) and after
single (open squares) scattering. In these calculations, an equal statistics of 107 events was
taken for all points of incident-neutrons energies.
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Fig.1. Calculations of capture of neutrons by the natural-silver targets which are 10x10 cm?
plates with thicknesses 0.05, 0.1, 0.15, 0.25, 0.35, and 0.5 cm.
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The calculations with taking into account a multiple scattering of neutrons before their
capture show a noticeable asymmetry of the neutron-capture peaks. The peaks are gently
sloping from the side of incident-neutron energies bigger than maxima energies. At the
incident-neutron energies more than 30.6-eV s-wave resonance maximum, captured neutrons
are growing in number, as a decrease in energy of neutron after scattering approaches its
reduced energy to the maximum of capture cross-section. This effect brings an additional
difficulty in correct determination of experimental background.
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Fig.2. The X-Z plane view for Monte-Carlo calculations of record of emitted y-quanta.

In order to estimate a value the distorting kinematic asymmetry of y-quanta emission
at incident-neutron energies near 32.7-eV p-wave resonance of ®Ag, the Monte-Carlo
calculations of this kinematic effect were made in real geometry under condition of emission
isotropy of y-quanta, which were recorded by 4 detectors placed at R=15 cm distance from the
center of the target at the angles 45°, 135°, 225° and 315°. In Fig.2 the X-Z vertical view for
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Monte-Carlo calculations is presented. The sizes of the entry windows of all detectors were
the same — 6.5 cm in width and 7.6 cm in height (Y axis-size), the targets were 10x10 cm?
plates with different thicknesses (Z axis-size). In this case calculations were made for 10°
incoming neutrons with given incident-neutron energy.

Fig. 3 shows the asymmetry effect €(E) calculated for y-quanta emitted from the
natural-silver target with thickness of 0.35 cm under condition of quanta-yield isotropy. The
upper pictures of Fig.3 represent the (E)-effect calculated when neutrons are captured
without scattering in the target in wide investigated incident-neutron energy interval and
specifically near investigated p-wave resonance, correspondingly. In the lower pictures there
is the kinematic effect at total neutron capture with taking into account multiple scattering.
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Fig.3. An asymmetry effect (E) calculated under condition of y-quanta isotropic emission
from *®Ag(n,y)-reaction in the natural-silver 10x10 cm? target with thickness of 0.35 cm. In
upper pictures: e(E) effect without taking into account multiple scattering of neutrons before
capture; in lower pictures: e(E) effect of y-quanta emission at total neutron capture. From the

left: e(E) effect calculated in wide neutron-energy interval; from the right: e(E) near
investigated p-wave resonance.

The anisotropy effect can be calculated as

Nif(E) + Npp(E) — Nyp(E) — Nyp(E)

e(E) = Nif(E) + Npp(E) + Nyp(E) + Npp (E)
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Here Ni¢(E) and N, (E) are numbers of y-quanta recorded by forward detectors, which are
placed at angles 45° and 315° relative to the incident-neutron direction, N;,(E) and Ny, (E)
are numbers of gammas recorded by backward detectors at angles 135° and 225°
correspondingly. An increase in the target thickness leads to enlargement of neutron capture,
so number N of detected gammas rises. The mean-square error decreases ~1/+/N . Taking into
account statistical errors of counts, an absolute uncertainty Ae(E) of foregoing ratio is
determined by formulae

1 Nif(E) + Ny (E) + Nyp(E) + Npp (E)

Be(E) = e(E) |- F(E) + Ny (E) + Nyp(E) + Nop (E) (Nay (B) + Nyy (B) — Ny (E) - NZb(E))Z.

As the upper picture of Fig.3 (from the left) shows, there is an evident asymmetry of
gammas under conditions of y-quanta isotropic emission, even if neutrons are captured
without scattering in the target. This effect is explained by a preponderance of a neutron
capture cross-section over scattering at the incident-neutron energies near 30.6-eV s-
resonance of 'Ag. As there is an inverse relation between neutron run in the target and the
total cross-section at corresponding neutron energy, so at incident-neutron energies near
strong s-resonance, when the total cross-section is inherently capture one, a marked difference
appears in solid angles to forward and backward detectors.

The kinematic asymmetry effects were also calculated at the incident-neutron energies
near investigated p-wave resonance of °Ag for 10x10 cm? plate-targets with thicknesses (th)
of 0.05, 0.1, 0.15, 0.25, 0.5, and 0.65 cm. These calculations are shown in Fig.4a and Fig.4b.
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Fig.4a. The kinematic-asymmetry effects e(E’) calculated under condition of y-quanta
isotropic emission in *®Ag(n,y)-reaction at the incident-neutron energies near investigated
p-wave resonance. The natural-silver targets are 10x10 cm? plates of 0.05 cm (from the left)
and 0.1 cm (from the right) thicknesses. In upper pictures: e(E) effect without taking into
account multiple scattering of neutrons before capture; in lower pictures: e(E) effect at total
neutron capture in the target.
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Fig.4b. The kinematic-asymmetry effects €(E) calculated under condition of y-quanta
isotropic emission in *®Ag(n,y)-reaction at the incident-neutron energies near investigated
p-wave resonance. The natural-silver targets are 10x10 cm? plates of different thicknesses

(th=10.15, 0.25, 0.5, and 0.65 cm). In upper pictures: e(E) effect without taking into account
multiple scattering of neutrons before capture; in lower pictures: e(E) effect at total neutron
capture in the target.

Thus, Monte-Carlo calculations showed that under condition of isotropic y-emission
from '®Ag(n,y) reaction, the asymmetry-effect of gamma-quanta recording near
32.7eV-resonance is about 1%. For a correct analyze of the experimental anisotropy in order
to obtain the statistically significant value of spatial asymmetry (or to evaluate it reliably), it is
important to establish and take into account the asymmetries which distort counts of the
detectors and inevitably contributed to the sought spatial anisotropy.



