Evaluation of parity violation effects for thermal neutrons scattering on 204Pb nucleus
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Abstract. Isotopes of Lead are suitable for studies of parity violation effects in nuclear
reactions. We have estimated the energetic dependences of some of these effects in the elastic
scattering of thermal and resonance neutrons on 204Pb. For this nucleus experimentally was found
a great value than expected of the neutron spin rotation. The spin rotation of the transversal
polarized neutron beam passing trough the matter was explained by the presence of the weak
interaction but in the case of 204Pb the measured unexpected value may indicate also, the
presence of an unknown negative resonance of the compound nucleus 205Pb.
Introduction
The presence of the weak interaction between nucleons in compound nucleus leads to the
asymmetry effects in nuclear reactions. In the elastic scattering of neutrons some of these effects
which can be measured in the experiment are [1]: the asymmetry of the emitted neutrons, the spin
rotation of the transversal polarized neutrons beam and the longitudinal polarization of an initial
unpolarized neutrons beam.
We used the approach very well described in [1] and applied the obtained formulas in the
case of 204Pb. First we used for our estimation of the mentioned parity violation effects the
resonance parameters from [2] and after that the parameters for unknown negative P resonance
proposed in [3] in order to explain the big unexpected value for spin rotation.
The natural Lead is a mixing of four isotopes with following masses and abundances 204
(1.43%), 206 (24.15%), 207 (22.4%) and 208 (52.4%). The isotope 208Pb is double magic and
therefore all Lead isotopes have low levels densitie [3]. The analysis effectuated in [3] suggested
that the main contribution to the spin rotation comes mainly from 204Pb isotope. The
experimental value for the spin rotation is of order of a few units of 10-6 [4, 5]. This value is of
three order higher than the theoretical estimation [3].
In this work we evaluate the energetic dependence of the three mentioned effects in the
two levels approximation for elastic scattering of neutrons on 204Pb nucleus, first using the
resonance parameters from [2]. After we compare the results with the values obtained with
parameters for negative resonance from [3]. According with [2] the S and P resonance parameters
for 204Pb nucleus with widths parametric expressions from [2] and [6] are:
ES = -2980 eV and EP = 480 eV

(1)

The negative P resonance parameters proposed in [3] extracted from the comparison between
experimental [4, 5] and theoretical values [3] are :
EP = - 16 eV and ΓP = 3 × 10-3 eV

(2)

Main formulas
Now it is the time to define the parity violation effects. Let suppose that we have a
transversal polarized neutrons beam interacting with a target nucleus. Due to the presence of
weak interaction, in the process of scattering in the outgoing channel appears an asymmetry of
scattered neutrons and by definition this effect has the following form:
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For the rotation angle of initial neutron spin on length unit we have:
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With simple transformations the neutron rotation angle can be written as:
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The terms in relations (4), (5) are: N = number of target nucleus on volume unit, λ =
neutron wave length, f+, f- = scattering amplitude on zero degree direction with positive (+) and
negative (-) neutron spirality, σtot = the total cross section.
The last effect is the longitudinal polarization of an incident not polarized neutron defined
by the relation:
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σ−, σ+ = total cross section with negative (-) and positive (+) spirality.

The physical quantities defined in relations (3), (4) and (6) correspond to the following
correlations between main vectors (as neutron spins and neutron initial and outgoing directions):
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σ i , σ f , ni , n f = initial (i) and final (f) unit vectors of neutron spin and impulse
directions.
Using the relations of definition (3), (4), (6) and the approach described in [1] we have
obtained the following expressions for the asymmetry of emitted neutrons (α), rotation angle of
outgoing neutron spin (Φ) and longitudinal polarization (P) in the two levels approximation in
the case elastic scattered neutrons on 204Pb nucleus:
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The factors of (kR ) present in (8-10) are due to the potential scattering included in calculations.
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The elements of (8-10) are: ΓS , ΓP = total S, P widths, ΓSn , ΓPn = neutron S, P widths, E S , E P = S,
P resonance energy, k = neutron wave number, R = nucleus radius, WSP = weak matrix element;

[S ] = (E − E S )2 + ΓS , [P] = (E − E P )2 + ΓP
2
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Results

Experimental results for the spin rotation around the impulse direction of polarized
transversal neutrons are [3-5]:
Φ = (2.24 ± 0.33) ⋅ 10 −6 and Φ = (3.53 ± 0.79) ⋅ 10 −6 rad

(11)

Using the resonance parameters from [2] and considering for the weak matrix element a
value of order of WSP = 2·10-4 eV (fair value for heavy elements [1], [3]) the theoretical
estimation gives for spin rotation for thermal neutrons the result:
Φ = −6.28 ⋅ 10 −8 rad

(12)

With P resonance parameters suggested in [3] (EP = -16 eV) and S resonance parameters
from [2] we have for spin rotation a value in a very good agreement with experimental data (11):

Φ = 1.88 ⋅ 10 −6 rad
(13)
The asymmetry (α) and longitudinal polarization (P) for incident thermal neutrons are of
order of 10-15 and 10-11 respectively with parameters from [2] and higher with resonance
parameters from [3] (10-14 and 10-8 order magnitude) but still very difficult to measure in the
experiment and therefore we did not insisted in the analysis of them.

Figure 1. Spin rotation for neutrons scattering on 204Pb in the two levels approximations using
a) parameters from [3] supposing the existence of negative P resonance, EP = -16 eV
b) parameters from [2] around the S resonance with ES = 480 eV energy

In Figure 1 we have illustrated two interesting cases of spin rotation angle using different
resonance parameters. In the case a) due to the fact that in the estimation we used two negative
resonances (one S and one P) the spin rotation angle is decreasing with the energy. In the second
b) case with one S negative resonance (ES = -2.98 keV) and one P resonance (EP = 0.48 keV) we
obtained the well known expected shape of asymmetry effects in the two levels approximation
estimated by authors for (n,p) reaction for 35Cl and 14N [7] nuclei.
We have obtained the energetic dependences in the scattering of neutrons on 204Pb
nucleus for other parity violation effects i.e. asymmetry of emitted neutrons (α) and longitudinal

polarization (P) but there are not presented here because they are some order of magnitude lower
than the spin rotation (Φ) and therefore very difficult to be experimentally measured but their
shape are similar to those from Figure 1 a) and b).
Discussion

We have evaluated the asymmetry effects due to the presence of weak interaction in the
two levels approximation using two sets of resonance parameters [2], [3]. The parameters from
[2] are universal accepted but the evaluated effects for thermal incident neutrons energy (Eth =
0.0253 eV) have very low values that are very difficult to measure experimentally. As we
mentioned before the coefficients α and P in the thermal point are lower than 10-10 and the spin
rotation Φ is of order of 10-8.
The situation is changing in better with resonance parameters from [3] where the main
idea is that the author had obtained from experimental data and theoretical evaluation in the two
levels approximation for thermal energy the existence of an negative P resonance with energy EP
= -16 eV. The α and P effects increase with two or three order of magnitude and the spin rotation
Φ is of order 10-5 – 10-6 in a very good agreement with the experiment (see relations (11-13)).
This fact makes sense to effectuate an experiment for measurement of spin rotation angle of
neutrons scattered on 204Pb in thermal region.
In Figure 1 a) and b) we have the energetic dependence of spin angle rotation for the two
sets of resonance parameters. From Figure 1 b) (resonance parameters from [2]) results that
around the P resonance EP = 480 eV the spin rotation reaches the values 10-4, change it sign in a
very short energy interval (about 2 eV) and is zero in the resonance. In the experiment it is more
easier to evaluate a 10-4 effect but here it is very difficult to find source that can give us the
necessary intensity for incident transversal polarized neutrons with energy around 480 eV.
Finally it is of interest to evaluate the effect of other resonances in spite of the fact that in
many papers their influence is neglected due to the very low value of the cross section.
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