Volume 13 (2017)

PROGRESS IN PHYSICS

Issue 3 (July)

Experimental Nuclear Physics Department, Nuclear Research Center, Atomic Energy Authority, Cairo 13759, Egypt.

Configuration Mixing in Particle Decay and Reaction

Elsayed K. Elmaghraby

E-mail: e.m.k.elmaghraby @gmail.com

Recent controversy on the existence (versus non-existence) of variability in the ob-
servation of decay rate can be settled by considering mixing in decay configuration.
Variability in decay rate was investigated based on the available information of beta
decay rate data, solar neutrino flux, and energy distribution. Full systematic analysis of
the oscillatory behavior was carried out. Based on the zero threshold energy for neu-
trino absorption in beta emitters, a model for configuration mixing between two distinct
beta disintegration modes S”-disintegration (electron from neutrino interaction) and the
B~ -disintegration (electron from natural decay) was proposed. The phenomenon of vari-
ability in beta decay rate was related to the possible exothermic neutrino absorption by
unstable nuclei which, in principle, should include the whole range of flux energies
involving flux with energy below the 7! Ga threshold at 0.23 MeV. These two disintegra-
tion modes occur independently and model for their apparent mixing rate was proposed.
The configuration mixing between the two modes cause depletion of radioactive nuclei
which is subject to change with seasonal solar neutrino variability. Ability to detect this
variability was found to be dependent on the Q-value of the §” disintegration and detec-
tion instrument setup. Value of neutrino cross section, weighted by the ratio between
B’ and B~ detection efficiencies, was found to be in the range 10™* to 1073 cm?. For
experiments that uses the end point to determine the neutrino mass, interference due to

mixing should be taken into account.
1 Introduction

Anomalous behavior in radioisotopes activity was reported
by several scientists, they considered it as influence of solar
proximity and activity. Several scientist are in favor of the in-
fluence of solar activity/distance on the decay rate. Early re-
sults of Alburger et al. [3] are based on normalizing the count
rate ratio of 32Si/*’P decay rate. Siegert et al. [34] had re-
ported oscillatory behavior of 226Ra, 152y, and *Eu. Jenk-
ins et al. [44] had studied these cases and reported several
new data and measurements. Most investigator had reported
seasonal relation between oscillatory behavior and the earth’s
position with respect to its sun’s orbit; referring to the neu-
trino influence to the decay process.

Several other scientists oppose the connection between
sun and the phenomenon. In one of the oppose thoughts, sci-
entists may consider the rare neutrino events in experiments
like Ice Cube and Sudbury Neutrino Observatory [2]; yet, the
energy threshold of there detection system may not fall be-
low 7'Ga border at 0.233 MeV (3.5-5 MeV for electron scat-
tering [7], 1.44 MeV for d(v,, e)pp interaction.) In all mea-
surements, no relation between half-life and the existence of
this phenomenon was reported. Several other oppose reports,
based on measurements by different techniques, were pub-
lished, see Refs. [5,8,10,11,29].

In the present work, full systematic analysis and treatment
of the oscillatory behavior was performed in order to recon-
cile these viewpoints. Based on the zero threshold energy for
neutrino absorption beta emitters, a model for configuration

mixing between distinct 8”-disintegration (the electrons from
neutrino interaction) and the 5~ -disintegration (the electrons
from natural decay) was proposed.

2 Model for analysis

The majority of solar neutrino are with electron flavor asso-
ciated with proton burn-up processes (¢, pp = 6+0.8x10"
cm~'s™!) with maximum energy around 0.41 MeV [1].
During solar flares protons stimulates production of pions /
muons; % (77) decays into v, (v,) with u* (1), later partners
decay and emit v, (v,) together with v, (v,,) [30] total flux is
of order 10° cm~2s~! and has energy up to 10 MeV.

Rare reaction of neutrino with stable isotopes is attributed
to its small coupling with W* and Z° bosons, and higher
threshold of reaction kinematics. Coupling with Z° may be
not appreciated due to non-existence of flavor changing neu-
tral currents. If happened, an electron neutrino in the vicinity
of the nucleus couples with a W boson emitting a 8” and in-
duces beta transformation in the nucleus. Threshold energy
of neutrino capture in 3’Cl is about 0.813 MeV compared to
0.233 MeV in ®'Ga, these isotopes are used as monitor for
8Be neutrinos. Radioactive isotopes, on the other hand, have
excess energy to deliver due to positive Q-values as illustrated
in Table 1. Hence, one can conclude that the solar influence
on the apparent decay rate is associated mixing of specific
mode of disintegration in consequence of neutrino capture
in nuclei with the natural disintegration rate. The apparent
decay rate of radioactive isotopes, A’ may be split into two
terms; a term for usual disintegration of the nucleus labelled
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Aq and a terms for neutrino interaction. Presumably, neutral
current will contribute to scattering only. B~ -decay rate is
proportional to the matrix element of the decay, |M,[*> while
the reaction terms are associated with matrix elements of neu-
trino interaction with charged current, |M, = 2.

N =N+ N@) Y $ONy (Kp (@) o (1
flavors
The summation is taken over all possible neutrino flavors.
Here, N(t) is the number of nuclei at time t, (K(Q)) is the
factor representing the modification of nucleon properties in
the nuclear medium, which can be investigated by nucleon
induced nuclear reactions [12,13]; (K(Q)) depends on the Q-
value of the reaction and the state of the nucleus upon inter-
action. The in-medium neutrino cross section o, can replace
(K(Q)) oy
The flux would be altered with the change in earth to sun
distance R. Hence the time varying function is inversely pro-
portional to the area of a sphere centered at sun. The radius
vector has the form
1-¢€
=q—,
1 + ecos(0)
Where € is the eccentricity of earth’s orbit (now, 0.0167 [35])
and the cosine argument is the angle relative to the distance
of closest approach (2-4 January) in which value equals to
R =a(l —€). w = 2n/T, is the average orbital velocity, and
T, is the duration of earth’s years in days. The approximate
sign is introduced because earth’s spend much more time at
larger distance from the sun than in the near distances. As-
suming that the average flux (qﬁ(vo)) occurs at time £y during the
revolution around the sun, the flux at any other time will be

¢, (t) = $VF (D), A3

(1 + ecos(wt))?
(1 + ecos(wty))?”

~ wt. 2)

F@) = “)
Here, ¢$,0) is the average flux of neutrinos reaching earth’s sur-
face (about 6.65 x 10'% cm™2s™! as average of all sun’s pro-
ducing routes [37], in which only 2.3x10° cm™2s~! are from
$Be. Comparison between F(r) (taking fy = 0) and normal-
ized seasonal variation of Be neutrons (data taken from Yoo
et al. [46] and normalised to its yearly average) is represented
in Fig. 1. F(¢) gives the averaged trend of Yoo et al. data
within the experimental uncertainty of measurement.

For simplicity, and due to nature of available data of being
related to oscillatory behavior, effect of cosmological neutri-
nos will be disregarded. Additionally, non-predominant ra-
dioactive isotopes should have the neutrino-induced beta dis-
integration of contribution much smaller than that of the 5~-
decay; hence, A, can be replaced by the laboratory decay con-
stant, A, with good precision. The apparent decay rate for
specific interaction current can be described by the formulae

A = A1+ ¢ONyo, F(@). 3)
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Fig. 1: Normalized measurements of ®Be neutrino variation by Yoo
et al. [46] in comparison with predictions of F(¢) function in Eq. 4.

Where, gb(VO), Ny, and o, = (K)o, are related to the con-
sidered current and the disintegrated nucleus. Differential
nuclear decay rate is simply described by the rate equation
dN(t)/dt = —N(1)A’. Upon integration, the number of sur-
vived nuclei become

2
N(#) =N(0) exp (—/lt _y (1 + %) t) x

exp (—26;1 (1 + < cos (wt)) sin (a)t)),

J (©)

¢y Nyo,
w(l+ ecos(a)to))z'

ﬂ:

The first exponential represent the depletion of nuclei with
neutrino interaction together with the radioactive decay. The
second exponential can be represented as

1+ Z # (Ze,u (1 + 2 cos (a)t)) sin (a)t))i .
i=1 :

The value of 2eu << 1; hence, only the first term in the sum-
mation is effective. L.e.,

)

NG :e—ﬁz—u(“%)’ (N(O) -A (1 + 2 cos (a)t)) sin (wt)) , (8

which reveal seasonal variability. The amplitude of the oscil-
lation is A = 2 N(0) e u with the depletion factor exp( — At

- U (1 + %) t); depletion factor reaches unity for long-lived
isotopes with relative short-term measurements.

The method of normalization of data, mentioned in con-
text, is intended to remove the effect of isotope decay rate
and give the residual of neutrino interaction. So, when nor-
malized to 1, the normalized fraction (proportional to decay
rate or detector count) becomes

N() =(1- Ae‘A’e_”(H%)t (1 + A_ELCOS (wt)) sin (a)t)). 9
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Similarly, for normalization of the ratio between two isotope
1and 2,

N1 (0) e—(/ll—/lz)fe_(/“_”2)(“%)[)(
N>(0)

ey (1 + § cos(wr)) sin(wr)

Nip(®) =1-2
(10)

1= 265 (1 + £ cos(wn)) sin(wr)

Which is not a complete sinusoidal variation. The amplitude
and depletion factors in case of two activity ratio becomes

E2
= Ni(0) ey e_u,_/12);6—(/11—#2)(”7)1.

N2(0) 1 - 2en

(11)

This depletion term can be ignored if both isotopes have com-
parable half-life and mass.

3 Discussion

Normalized oscillatory data, were collected for the decay of
isotopes given in Table 1. Because we need to have a starting
point, data retrieved relative to 1 Jan. 1980. The time shift, #,
was obtained using least square fitting of every data set with
Eq. 9 by shifting time with free parameter—say #,. Results are
illustrated in Table 1 in which a shift of -120+14(10-stat.) +
5(lo-syst.) days was found; i.e. the average flux received
on earth from the sun occurs around end of October (or, al-
ternatively, May first.) This is consistent with data given in
measurement of ®Be neutrino variation by Yoo et al. [46].
Before going further in the discussion, we must appre-
hend measurement techniques and circumstance of each ex-
periment. The correlation between earth sun distance and de-
cay rate for 32Si and ??°Ra was reported by Jenkins et al. [17]
based on Alburger et al. [3] and Siegert et al. [34]; those
measurements are based on the 8 spectrum measurements.
Alburger and coworkers used end-window gas-flow propor-
tional counter system and a liquid/plastic scintillation detec-
tors and Siegert and coworkers used both 47 ionization cham-
ber and Ge and Si semiconductor detectors with reference to
ionization chamber measurements. Same group of Ref. [17]
and others in later work [24] had measured the **Mn us-
ing the 834.8 keVy-line during 2 years without significant
seasonal variation, they only report a connection with solar
storm. Similar results appeared after solar flare [16]. Varia-
tion of 3°Cl decay rate was reported by BNL group [18] us-
ing Geiger-Miiller counter and in PTB-2014 measurements
[22] using the triple-to-double coincidence ratio liquid scin-
tillation counting system. PTB-2014 detection system ex-
cluded the idea of time varying decay rate while the BNL
measurements prove the phenomenon. Power spectrum anal-
ysis [15, 18,20, 26,40,43] reveal several spectral frequencies
especially at 1 y~!. Some explanations of seasonal variation
of decay rate were related to decoherence in gravitational
field [36] and internal sun modes [42]. An experiment was
performed for >’Rn decay in controlled environment showed
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dependence on the angular emission of gamma ray [39] and
daily behavior [9, 19,44]; however Bellotti et al. [9] excluded
the sun influenced decay rate in support with their earlier
work [8]. Ware et al. [45] returned the variation to change
in the pressure of counting chamber during the seasonal vari-
ation.

Opposition to the connection between sun’s and the vari-
ability phenomenon of apparent decay rate came out as a con-
sequence of measurements, as well. No significant deviations
from exponential decay are observed in Cassini spacecraft
power production due to the decay of >3¥Pu [11]. Bellotti
et al. [8] studied decay of “°K, '¥Cs and ?*’Th using Nal
and Ge detectors with no significant effect of earth-sun dis-
tance. Same results had been reported by Alexeyev et al. [5]
in the alpha decay of >'“Po measured by a-particle absorp-
tion. However, Stancil et al. [38] detected seasonal variation
in the gamma transition in 2'4Po due to ?'*Bi decay in ra-
dium chain. Others [4] had reported seasonal variation in life
time of 2'*Po. Recently, Pommé et al. [29] re-performed mea-
surements in several laboratories by all possible measurement
techniques including ionisation chamber, HPGe detector, sil-
icon detector, proportional counter, anti-coincidence count-
ing, triple-to-double coincidence, liquid scintillation, CsI(T1)
spectrometer, internal gas counting. They returned the phe-
nomenon to lower stability of instruments. Bikit et al [10]
investigated the *H decay rate by measured by liquid scintil-
lation and related the fluctuation of the high-energy tail of the
beta spectrum to instrumental instability.

The techniques of measurements is different among these
two parties. Among all measurements given above, all tech-
niques that are based on detecting S-radiation, or combined -
y-radiation coming from its daughter, had signaled variabil-
ity. Which can be explained as a consequence of the mixing
between 8" and S~ disintegrations. In such case, both terms
in Eq. 5 are effective and the apparent decay rate should be
influenced by solar proximity and activity. On the other hand,
techniques that uses specific decay parameter such as specific
v-line from B8*- or a-decay may not be able to recorded any
variability because the oscillatory part of configuration mix-
ing in Eq. 5 is not operative. With pure a-emitters like >*' Am
and ?*%Ra, the mixing oscillatory term will change sign and
time shift of half-period may appear. In accordance to Siegert
et al. [34] results, time shift of a half period in the fluctuation
measured between 4ry-ionization chamber measurement of
?26Ra and measurements of '>21>*Eu by GeLi semiconductor
detectors was found. Hence, both parties concluded existence
or non-existence of the phenomenon based on their technique
of measuring it. Each team draw the correct picture of his
viewpoint; that is determined by whether the mixing part of
Egs. 5 and 9 were taken into account or not.

The " energy spectrum should, in principle, reflects the
energy distribution of neutrino and the structure of residual
nucleus. In S¥-decay, all energy of neutrino plus the major
contribution of mass access (Q-value) is transferred to the
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Table 1: Data of seasonal variability of radioactive disintegration. Unit of 0, is cm?, Q-value is calculated from AME2003 atomic mass

evaluation [6] in the unit of MeV; ¢, is the time shift in days.

Isotope Ref A x10* -1 &0y, x 10% 0] E.,
H [21,27] 529+2+6 -10 + 30 1.8+ 0.4 +2x107° 0.0186 0
H [14] 384+08+35 | 138=+1 13+0.1 +12x107° 0.0186 0
328i [3] 108+2+5 109 £12 | 1.15+0.01 £ 0.5x1073 | 0.2243 0
328iP6Cl | [3,15,17] | 15.8+£0.67+7 | 126+ 5
¢l [18] 19+09+10 160 5 452 +0.01 +24 0.7097 0
152Ey [31,32,41] 84+03+2 1133 3.51 +£0.01 £0.79 1.8197 0
I54Eu [31,32,41] 85+04+3 121 £2 8.7+£0.004 £ 3 1.9688 0
214B4 [38] 31+£2+17 119+6 39.7£0.02 £ 22 3.2701 0
214B§ [38] 30+2+12 118 5 38.5+0.02 15 3.2701 0
8Kr [32,41] 72+035+15 ] 113+£3 0.687 0
Sy [32,41] 88+04+2 121 +3 0.546 0
108 Ao [32,41] 86+03+2 126 +2 1.76 0
133Ba [32,41] 6.18+0.6+4 1195 -2.061 | 2.061
226Ra [15,17] 101+03+3 [ 10520 | 83+0.02+20x1073 | diverse
226Ra [34] 11.9+£02+2 125 +2 99 + 0.01 +20x10~ | diverse
beta particle. The higher the Q-value, the higher the energy of 107 T AR TR
the emitted 8. This is another source of disagreement among 10 . g
both teams supporting and declining the phenomenon. Obser- 0 i %0y 154Eiu L !
vation of the phenomenon is determined by the ability of their . o
system to detect §” or the specific y-transition or mass loss 107 g Eu 3
subsequent the disintegration. Detection volume, in general, —~ 107 4
is selective to a band of radiation energy. Ionization chamber 5 109 1
detects gamma radiation and fraction of beta radiation above oo Lf
few hundreds eV [31]. Additionally, higher energy of 8” have 107 o, atE~1MeV}
higher value of detection efficiency. Counting of 8%, and -, 10" ' *H ’
and/or their corresponding y-ray from nuclei, have different 107 , ,
efficiencies due to difference in energy distribution and end- 0% r 1

point(c.f. [33]); literally, 8" has no end-point. Hence, each
count rate must be related to its efficiency; i.e. the amplitude
of the variation must be modified by a ratio—say £é-between
B counting efficiency and 5~ counting efficiency; which de-
pends on the 8” energy and the measurement setup. If vari-
ation occurs, it would be reflected on the counting rate. The
value of &0, represent a weighted cross section and it was
calculated as a whole in Table 1.

The amplitude of the variability was obtained from each
dataset by fitting using Eq. 9; results are represented in Ta-
ble 1. The value of N(0) (alternatively, mass or activity) was
found for 3H (assuming 1-20 g of *H,0 as for PTB measure-
ments catalogue of activity standards [25]), *2Si (0.0477 g of
32810, [3]), 3°Cl(0.4 uCi [22]), P?Eu (40 MBq [31, 32,41)),
154Eu (2.5 MBq [31,32,41]), and 2'*Bi(2 uCi [38]), see Table
1. Mass, activity, and/or number of decaying atoms were not
reported for other datasets. Then, the value (£0,) are calcu-
lated only for the said isotopes. A plot for the variation of £07),
with Q-value is represented in Fig. 2. The known limit of
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Fig. 2: Value of the reduced cross section &0-, in the unit of cm? in
correlation with the Q-value of the possible §”-disintegration. Line
represent the value of 0,,=0.881x107* E,(GeV) cm? at E,=1 MeV.
Insert: possible disintegration probabilities of represented isotopes
to levels in daughter nuclei.

V-neutron cross section is o,,= 0.881x10738 E,(GeV) cm?
which is represented by the line in Fig. 2 for electron neu-
trino with E,=1 MeV considering £ = 1. The increase of
&0, with Q-value confirms the mentioned hypothesis of exis-
tence of instrumental setting participation in the detection of
the variability of apparent decay rate.

In the insert of Fig. 2, decay schemes of said isotopes
are represented. The 8” spectrum is expected to have definite
spectrum corresponding to direct transition to levels in daugh-
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ter nuclei in similarity to neutrinoless double beta decay; one
of the possible broadening that could occur is due to original
energy distribution of neutrinos. Sensitive detector like KA-
TRINE [23] can be used to detect such energy distribution in
3H; fortunately, neutrinoless double beta decay cannot occur
in case of *H without fission of the whole nucleus. Disin-
tegration of 3H, *2Si and *¢CI have single possible transition
for both 8 and 8~ decays. The maximum energy of 8’-*H
decay is expected to be 0.42 MeV with éo, = 1.82 + 0.4
stat. +2 syst. x107* cm? as calculated from Pomme et
al. [27] data, and 13.2 + 0.1 stat. + 11 syst. x10~** cm?
as calculated from Falkenberg [14] data. Systematic uncer-
tainties are mostly related to unknown mass of the material.
The BNL data of >*Ra and other data of radium had been
evaluated but was not represented in Fig. 2. 2>Ra has thresh-
old for §” decay of 0.641 MeV, its daughters have possible
beta decay probability, that is why variability can be observed
[15,17,31,32,34,41]. The phenomenon disappeared when a-
detection system is used [28].

4 Conclusion

Rare mixed configuration between neutrino induced beta dis-
integration and natural beta disintegration may exists. These
two distinct classes of beta decay could, in principle, explain
the variation of apparent decay rate of radioactive isotopes
with sun proximity. The circumstances of detection and in-
strumental ability determine whether to detect pure natural
disintegration or the mixed mode. Configuration mixing be-
tween 8 and S~ is, presumably, happen among all existing
B~ emitters. The mixing in configuration of decay and reac-
tion can be extended to all particles and nuclei. It must be
taken into account in the in high precision measurements of
neutrino mass. Mixing may be of significance for nucleosyn-
thesis in astronomical object.

Received on April 26, 2017
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