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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 βν-disintegration (electron from neutrino interaction) and the
β−-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 71Ga 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 βν disintegration and detec-
tion instrument setup. Value of neutrino cross section, weighted by the ratio between
βν and β− detection efficiencies, was found to be in the range 10−44 to 10−36 cm2. 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/32P decay rate. Siegert et al. [34] had re-
ported oscillatory behavior of 226Ra, 152Eu, and 154Eu. 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 71Ga border at 0.233 MeV (3.5-5 MeV for electron scat-
tering [7], 1.44 MeV for d(νe, 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 βν-disintegration (the electrons from
neutrino interaction) and the β−-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 (φνe,pp = 6±0.8×10

10

cm−1s−1) with maximum energy around 0.41 MeV [1].
During solar flares protons stimulates production of pions /

muons; π+ (π−) decays into νµ(νµ) with µ+ (µ−), later partners
decay and emit νe (νe) together with νµ (νµ) [30] total flux is
of order 109 cm−2s−1 and has energy up to 10 MeV.

Rare reaction of neutrino with stable isotopes is attributed
to its small coupling with W± and Z0 bosons, and higher
threshold of reaction kinematics. Coupling with Z0 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 βν and in-
duces beta transformation in the nucleus. Threshold energy
of neutrino capture in 37Cl is about 0.813 MeV compared to
0.233 MeV in 61Ga, 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, λ′ may be split into two
terms; a term for usual disintegration of the nucleus labelled
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λd and a terms for neutrino interaction. Presumably, neutral
current will contribute to scattering only. β−-decay rate is
proportional to the matrix element of the decay, |Md |

2 while
the reaction terms are associated with matrix elements of neu-
trino interaction with charged current, |MνW± |

2.

N(t)λ′ =N(t)λd + N(t)
∑

flavors

φν(t)NN

〈
Kβν (Q)

〉
σνn (1)

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 σν can replace
〈K(Q)〉 σνn.

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

R = a
1 − ε2

1 + ε cos(θ)
, θ ≈ ωt. (2)

Where ε 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(1 − ε). ω = 2π/Tω is the average orbital velocity, and
Tω 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 (φ(0)

ν ) occurs at time t0 during the
revolution around the sun, the flux at any other time will be

φν(t) = φ(0)
ν F(t), (3)

F(t) =
(1 + ε cos(ωt))2

(1 + ε cos(ωt0))2 . (4)

Here, φ(0)
ν is the average flux of neutrinos reaching earth’s sur-

face (about 6.65 × 1010 cm−2s−1 as average of all sun’s pro-
ducing routes [37], in which only 2.3×106 cm−2s−1 are from
8Be. Comparison between F(t) (taking t0 = 0) and normal-
ized seasonal variation of 8Be neutrons (data taken from Yoo
et al. [46] and normalised to its yearly average) is represented
in Fig. 1. F(t) 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 β−-
decay; hence, λd can be replaced by the laboratory decay con-
stant, λ, with good precision. The apparent decay rate for
specific interaction current can be described by the formulae

λ′ ⇒ λ + φ(0)
ν NNσνF(t). (5)
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Fig. 1: Normalized measurements of 8Be neutrino variation by Yoo
et al. [46] in comparison with predictions of F(t) function in Eq. 4.

Where, φ(0)
ν , NN , and σν = 〈K〉σνn 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(t)λ′. Upon integration, the number of sur-
vived nuclei become

N(t) =N(0) exp
(
−λt − µ

(
1 +

ε2

2

)
t
)
×

exp
(
−2εµ

(
1 +

ε

4
cos (ωt)

)
sin (ωt)

)
,

µ =
φ(0)
ν NNσν

ω (1 + ε cos(ωt0))2 .

(6)

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

1 +
∑
i=1

(−1)i

i!

(
2εµ

(
1 +

ε

4
cos (ωt)

)
sin (ωt)

)i
. (7)

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

N(t) =e
−λt−µ

(
1+ ε2

2

)
t
(
N(0) − A

(
1 +

ε

4
cos (ωt)

)
sin (ωt)

)
, (8)

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

(
− λt

− µ
(
1 + ε2

2

)
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(t) =

(
1 − Ae−λte

−µ
(
1+ ε2

2

)
t
(
1 +

ε

4
cos (ωt)

)
sin (ωt)

)
. (9)
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Similarly, for normalization of the ratio between two isotope
1 and 2,

N1/2(t) ≈1 − 2
N1(0)
N2(0)

e−(λ1−λ2)te
−(µ1−µ2)

(
1+ ε2

2

)
t
×

εµ1

(
1 + ε

4 cos(ωt)
)

sin(ωt)

1 − 2εµ2

(
1 + ε

4 cos(ωt)
)

sin(ωt)
.

(10)

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

A1/2 = 2
N1(0)
N2(0)

εµ1

1 − 2εµ2
e−(λ1−λ2)te

−(µ1−µ2)
(
1+ ε2

2

)
t
. (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, t0,
was obtained using least square fitting of every data set with
Eq. 9 by shifting time with free parameter–say t1. Results are
illustrated in Table 1 in which a shift of -120±14(1σ-stat.) ±
5(1σ-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 8Be 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 226Ra was reported by Jenkins et al. [17]
based on Alburger et al. [3] and Siegert et al. [34]; those
measurements are based on the β 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 4π 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 54Mn us-
ing the 834.8 keVγ-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 36Cl decay rate was reported by BNL group [18] us-
ing Geiger-Müller 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−1. 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 222Rn decay in controlled environment showed

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 238Pu [11]. Bellotti
et al. [8] studied decay of 40K, 137Cs and 232Th using NaI
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 214Po measured by α-particle absorp-
tion. However, Stancil et al. [38] detected seasonal variation
in the gamma transition in 214Po due to 214Bi decay in ra-
dium chain. Others [4] had reported seasonal variation in life
time of 214Po. 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(Tl)
spectrometer, internal gas counting. They returned the phe-
nomenon to lower stability of instruments. Bikit et al [10]
investigated the 3H 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 β-radiation, or combined β-
γ-radiation coming from its daughter, had signaled variabil-
ity. Which can be explained as a consequence of the mixing
between βν and β− 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
γ-line from β±- or α-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 α-emitters like 241Am
and 226Ra, 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 4πγ-ionization chamber measurement of
226Ra and measurements of 152,154Eu 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
Eqs. 5 and 9 were taken into account or not.

The βν energy spectrum should, in principle, reflects the
energy distribution of neutrino and the structure of residual
nucleus. In βν-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 ξσν is cm2, Q-value is calculated from AME2003 atomic mass
evaluation [6] in the unit of MeV; t1 is the time shift in days.

Isotope Ref A ×104 −t1 ξσν × 1041 Q Eth

3H [21, 27] 5.29 ± 2 ± 6 -10 ± 30 1.8 ± 0.4 ± 2 ×10−6 0.0186 0
3H [14] 38.4 ± 0.8 ± 35 138 ± 1 13 ± 0.1 ± 12×10−6 0.0186 0

32Si [3] 10.8 ± 2 ± 5 109 ± 12 1.15 ± 0.01 ± 0.5×10−3 0.2243 0
32Si/36Cl [3, 15, 17] 15.8 ± 0.67 ± 7 126 ± 5

36Cl [18] 19 ± 0.9 ± 10 160 ± 5 4.52 ± 0.01 ± 2.4 0.7097 0
152Eu [31, 32, 41] 8.4 ± 0.3 ± 2 113 ± 3 3.51 ± 0.01 ± 0.79 1.8197 0
154Eu [31, 32, 41] 8.5 ± 0.4 ± 3 121 ± 2 8.7 ± 0.004 ± 3 1.9688 0
214Bi [38] 31 ± 2 ± 17 119 ± 6 39.7 ± 0.02 ± 22 3.2701 0
214Bi [38] 30 ± 2 ± 12 118 ± 5 38.5 ± 0.02 ± 15 3.2701 0
85Kr [32, 41] 7.2 ± 0.35 ± 1.5 113 ± 3 0.687 0
90Sr [32, 41] 8.8 ± 0.4 ± 2 121 ± 3 0.546 0

108Ag [32, 41] 8.6 ± 0.3 ± 2 126 ± 2 1.76 0
133Ba [32, 41] 6.18 ± 0.6 ± 4 119 ± 5 -2.061 2.061
226Ra [15, 17] 10.1 ± 0.3 ± 3 105 ± 20 83 ± 0.02 ± 20×10−3 diverse
226Ra [34] 11.9 ± 0.2 ± 2 125 ± 2 99 ± 0.01 ± 20×10−3 diverse

beta particle. The higher the Q-value, the higher the energy of
the emitted βν. This is another source of disagreement among
both teams supporting and declining the phenomenon. Obser-
vation of the phenomenon is determined by the ability of their
system to detect βν or the specific γ-transition or mass loss
subsequent the disintegration. Detection volume, in general,
is selective to a band of radiation energy. Ionization chamber
detects gamma radiation and fraction of beta radiation above
few hundreds eV [31]. Additionally, higher energy of βν have
higher value of detection efficiency. Counting of βν, and β−,
and/or their corresponding γ-ray from nuclei, have different
efficiencies due to difference in energy distribution and end-
point(c.f. [33]); literally, βν 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 ξ–between
βν counting efficiency and β− counting efficiency; which de-
pends on the βν energy and the measurement setup. If vari-
ation occurs, it would be reflected on the counting rate. The
value of ξσν 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 3H2O as for PTB measure-
ments catalogue of activity standards [25]), 32Si (0.0477 g of
32SiO2 [3]), 36Cl(0.4 µCi [22]), 152Eu (40 MBq [31, 32, 41]),
154Eu (2.5 MBq [31,32,41]), and 214Bi(2 µCi [38]), see Table
1. Mass, activity, and/or number of decaying atoms were not
reported for other datasets. Then, the value (ξσν) are calcu-
lated only for the said isotopes. A plot for the variation of ξσν
with Q-value is represented in Fig. 2. The known limit of

 (c
m

2 )

Q (MeV)

 n  at E =1 MeV

3H

32Si

36Cl
152Eu

154Eu

214Po via
 214Bi

Fig. 2: Value of the reduced cross section ξσν in the unit of cm2 in
correlation with the Q-value of the possible βν-disintegration. Line
represent the value of σνn=0.881×10−38 Eν(GeV) cm2 at Eν=1 MeV.
Insert: possible disintegration probabilities of represented isotopes
to levels in daughter nuclei.

νe-neutron cross section is σνn= 0.881×10−38 Eν(GeV) cm2

which is represented by the line in Fig. 2 for electron neu-
trino with Eν=1 MeV considering ξ = 1. The increase of
ξσν 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 βν 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 3H without fission of the whole nucleus. Disin-
tegration of 3H, 32Si and 36Cl have single possible transition
for both βν and β− decays. The maximum energy of βν-3H
decay is expected to be 0.42 MeV with ξσν = 1.82 ± 0.4
stat. ±2 syst. ×10−44 cm2 as calculated from Pomme et
al. [27] data, and 13.2 ± 0.1 stat. ± 11 syst. ×10−44 cm2

as calculated from Falkenberg [14] data. Systematic uncer-
tainties are mostly related to unknown mass of the material.
The BNL data of 226Ra and other data of radium had been
evaluated but was not represented in Fig. 2. 226Ra has thresh-
old for βν 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 α-
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 βν and β− is, presumably, happen among all existing
β− 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

References
1. Abdurashitov J. N., Gavrin V. N., Gorbachev V. V., Gurkina P. P., Ibrag-

imova T. V., Kalikhov A. V., Khairnasov N. G., Knodel T. V., Mir-
mov I. N., Shikhin A. A., Veretenkin E. P., Yants V. E., Zatsepin G. T.,
Bowles T. J., Elliott S. R., Teasdale W. A., Nico J. S., Cleveland B. T.
and Wilkerson J. F. Measurement of the Solar Neutrino Capture Rate
With Gallium Metal: III. Results for the 2002-2007 Data-Taking Pe-
riod. Physical Review C, 2009, v. 80, 015807.

2. Aharmim B. et al. Determination of the νe and Total 8B Solar Neu-
trino Fluxes Using the Sudbury Neutrino Observatory Phase I Data Set.
Physical Review C, 2007, v. 75, 045502.

3. Alburger D., Harbottle G. and Norton E. Half-Life of 32Si. Earth and
Planetary Science Letters, 1986, v. 78 (2-3), 168–176.

4. Alexeyev E. N., Gavrilyuk Y. M., Gangapshev A. M., Kazalov V. V.,
Kuzminov V. V., Panasenko S. I. and Ratkevich S. S. Results of a Search
for Daily and Annual Variations of the 214Po Half-Life at the Two Year
Observation Period. Physics of Particles and Nuclei, 2016, v. 47, 986–
994.

5. Alexeyev E., Alekseenko V., Gavriljuk J., Gangapshev A., Gezhaev A.,
Kazalov V., Kuzminov V., Panasenko S., Ratkevich S. and Yakimenko

S. Experimental Test of the Time Stability of the Half-Life of Alpha-
Decay 214Po Nuclei. Astroparticle Physics, 2013, v. 46, 23–28.

6. Audi G., Wapstra A. H. and Thibault C. The AME2003 Atomic Mass
Evaluation: (II). Tables, Graphs and References. Nuclear Physics,
2003, v. A729, 337.

7. Bellini G. et al. Measurement of the Solar 8B Neutrino Rate With a
Liquid Scintillator Target and 3 MeV Energy Threshold in the Borexino
Detector. Physical Review D, 2010, v. 82, 033006.

8. Bellotti E., Broggini C., Carlo G. D., Laubenstein M. and Menegazzo,
R. Search for Correlations Between Solar Flares and Decay Rate of
Radioactive Nuclei. Physics Letters, 2013, v. B720, 116–119.

9. Bellotti E., Broggini C., Carlo G. D., Laubenstein M. and Menegazzo
R. Precise Measurement of the 222Rn Half-Life: A Probe to Monitor the
Stability of Radioactivity. Physics Letters, 2015, v. B743, 526– 530.

10. Bikit K., Nikolov J., Bikit I., Mrda D., Todorovic N., Forkapic S.,
Slivka J., and Veskovic M. Reinvestigation of the Irregularities in the
3H decay. Astroparticle Physics, 2013, v. 47, 38–44.

11. Cooper P. S. Searching for Modifications to the Exponential Radioac-
tive Decay Law with the Cassini Spacecraft. Astroparticle Physics,
2009, v. 31(4), 267–269.

12. Elmaghraby E. K. PHASE-OTI: A pre-equilibrium model code for nu-
clear reactions calculations. Computer Physics Communications, 2009,
v. 180, 1694–1699.

13. Elmaghraby E. K. Initial exciton configuration in (p,n) pre-equilibrium
emission reactions. Physical Review C, 2008, v. 78, 014601.

14. Falkenberg E. D. Radioactive decay caused by neutrinos? Apeiron,
2001, v. 8 (2), 32.

15. Javorsek II D., Sturrock P., Lasenby R., Lasenby A., Buncher J., Fis-
chbach E., Gruenwald J., Hoft A., Horan T., Jenkins J., Kerford J.,
Lee R., Longman A., Mattes J., Morreale B., Morris D., Mudry R.,
Newport J., O’Keefe D., Petrelli M., Silver M., Stewart C. and Terry
B. Power Spectrum Analyses of Nuclear Decay Rates. Astroparticle
Physics, 2010, v. 34 (3), 173–178.

16. Jenkins J. H. and Fischbach E. Perturbation of Nuclear Decay Rates
During the Solar Flare of 2006 December 13. Astroparticle Physics,
2009, v. 31 (6), 407–411.

17. Jenkins J. H., Fischbach E., Buncher J. B., Gruenwald J. T., Krause
D. E. and Mattes J. J. Evidence of Correlations Between Nuclear Decay
Rates and Earth-Sun Distance. Astroparticle Physics, 2009, v. 32 (1),
42–46.

18. Jenkins J. H., Herminghuysen K. R., Blue T. E., Fischbach E., Javorsek
II D., Kauffman A. C., Mundy D. W., Sturrock P. A. and Talnagi J. W.
Additional Experimental Evidence for a Solar Influence on Nuclear De-
cay Rates. Astroparticle Physics, 2012, v. 37, 81–88.

19. Jenkins J. H., Mundy D. W. and Fischbach E. Analysis of Environmen-
tal Influences in Nuclear Half-Life Measurements Exhibiting Time-
Dependent Decay Rates. Nuclear Instruments and Methods in Physics
Research A, 2010, v. 620 (2-3), 332–342.

20. Jenkins J., Fischbach E., Javorsek II D., Lee R. and Sturrock P. Con-
cerning the Time Dependence of The Decay Rate of 137Cs. Applied
Radiation and Isotopes, 2013, v. 74, 50–55.

21. Kossert K., Broda R., Cassette P., Ratel G. and Zimmerman B. Un-
certainty Determination for Activity Measurements by Means of the
TDCR Method and the CIEMAT/NIST Efficiency Tracing Technique.
Metrologia, 2015, v. 52 (3), S172.

22. Kossert K. and Nahle O. J. Long-Term Measurements of 36Cl to Investi-
gate Potential Solar Influence on the Decay Rate. Astroparticle Physics,
2014, v. 55, 33–36.

23. Mertens S. Status of the KATRIN Experiment and Prospects to Search
for keV-Mass Sterile Neutrinos in Tritium β-decay. Physics Procedia,
2015, v. 61, 267–273.

154 E.K. Elmaghraby. Configuration Mixing in Particle Decay and Reaction



Issue 3 (July) PROGRESS IN PHYSICS Volume 13 (2017)

24. Mohsinally T., Fancher S., Czerny M., Fischbach E., Gruenwald J.,
Heim J., Jenkins J., Nistor J. and O’Keefe D. Evidence for Correla-
tions Between Fluctuations in 54Mn Decay Rates and Solar Storms.
Astroparticle Physics, 2016, v. 75, 29–37.

25. NIST. SRM 4927F - Hydrogen-3 water radioactivity standard. Ac-
cessed 3 Feb 2017, 2017.

26. O’Keefe D., Morreale B. L., Lee R. H., Buncher J. B., Jenkins J. H.,
Fischbach E., Gruenwald T., Javorsek II D. and Sturrock P. A. Spectral
Content of 22Na/44Ti Decay Data: Implications for a Solar Influence.
Astrophysics and Space Science, 2013, v. 344 (2), 297–303.

27. Pomme S., Stroh H., Paepen J., Ammel R. V., Marouli M., Altzitzoglou
T., Hult M., Kossert K., Nahle O., Schrader H., Juget F., Bailat C.,
Nedjadi Y., Bochud F., Buchillier T., Michotte C., Courte S., van Rooy
M. W., van Staden M. J., Lubbe J., Simpson B. R. S., Fazio A., Felice
P. D., Jackson T. W., Wyngaardt W. M. V., Reinhard M. I., Golya J.,
Bourke S., Roy T., Galea R., Keightley J. D., Ferreira K. M., Collins
S. M., Ceccatelli A., Verheyen L., Bruggeman M., Vodenik B., Ko-
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