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Changes in radioactive decay rates due to solar flares have attracted increasing scientific atten-
tion in recent decades. In previous studies we demonstrated that solar flares cause changes in
the decay rate of 241Am, 222Rn, and 232Th. The change in the count rate of 5*Mn due to solar
flares, as observed by scholars at Purdue University in 2006, encouraged us to repeat the mea-
surements. In addition, we measured gamma radiation count rates of 57Co that undergoes
electron capture, as in 3*Mn decay. Our new measurements indicate that there is a delay of
about five days between the solar flare occurrence and the decrease in *Mn count rates. Also,
we conclude that in the 54Mn study of 2006 there was a delay between the solar flares and the
resulting count rate dips. With regard to the 57Co counting system, we measured about a
seven-day delay between the occurrence of solar flares and the count rate dips. We conclude
that 5*Mn and 57Co interact with neutrinos that originate during solar flares.
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INTRODUCTION

The radioactive 3*Mn isotope is an electron-cap-
ture decay nucleus with a 312-day half-life [1]. Ac-
cording to Jenkins and Fischbach, the solar flares that
occurred in December 2006 were among the reasons
for the change in the decay rate of ¥*Mn [2]. Indeed,
they proposed that the decay rate of 3*Mn may de-
crease during solar flares.

Pommeé [3] contradicted these findings, arguing
that solar flares cannot affect decay rates. Pommé's
work presented measurements for a wide range of
radioactive materials, including average count rates
gathered over a long period that could obscure the type
of results presented by Jenkins and Fischbach [2].
However, we agree with Pommé's use of extensive
averaging to study periodical changes in the radiation
count rates of radioisotopes because in these cases
wide-scale averaging was appropriate [4].

In addition, a study by Parkhomov concerning ra-
dioactive decay rates presented further examples similar
to Jenkins and Fischbach's work [2]. Parkhomov con-
ducted experiments involving beta sources, claiming that
the sources responded to cosmic neutrinos [5].

Papers previously published by our research
group [6-8] demonstrated decreases in count rates,
supporting the possibility that changes in the neutrino
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flux during solar flares affect decay rates. The findings
were obtained using several radioactive materials.
During solar flares, particle emission from the Sun
rises by several orders of magnitude and many types of
particles are emitted towards the Earth. Most of the ra-
diation stops at the ionosphere, except neutrinos,
which can reach the Earth. When solar flares occur, the
neutrino flux increases by three to four orders of mag-
nitude due to nuclear reactions [9]. The count rate of
241 Am gamma-radiation was affected 14 days after the
solar flare occurrence, indicating a decrease in count
rates of ~1 % [6]. For 2??Rn, we obtained a response in
the count rate ~12 hours following the solar flare, with
a decrease of around 0.5 % [7]. In the case of thorium
(nat.), the count rate decreased 9 days after the solar
flare by ~1.1 % [8].

We planned to repeat the experiment with >*Mn

to complete the results published by Jenkins and
Fischbach [2].

METHODS

We integrated two separate measurement sys-
tems, each for a radioactive source. The counting sys-
tems are located in a lab that is permanently locked to
avoid any external influence and environmentally
controlled in terms of temperature and clean air-flow,
reducing detector efficiency dependence. The system
is shielded by 5 cm thick lead bricks, as shown in fig. 1.
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Figure 1. Schematic illustration of the gamma-radiation
counting system consisting of an Nal(T1l) detector and a
radiation source

For **Mn we used a spectrometry system contain-
ing a 3" x 3" Nal(Tl) gamma-radiation detector attached
to a multi-channel-analyzer (MCA) scintiSPEC (FLIR
Systems, Inc.). The MCA was connected to a computer
to control the system, obtaining spectral output every 15
minutes. The detector was placed in front of the >*Mn
source (103 kBq activity at on 1-Feb-2021).

For °’Co we used a Nal(Tl) gamma-radiation de-
tector system (PM-11 manufactured by Rotem Inc.) for
total counting measurements, as described in our previ-
ous publications [6, 7]. The detector was placed in front
of the >’Co source (370 MBq activity on 22-Sep-2011).

1.670-107 T T

*Mn decay emits gamma-rays of 835 keV
(half-life is 312 days), and 3’Co emits gamma-rays of
122 keV (half-life is 272 days). Both radioactive de-
cays begin with electron capture.

The information about the occurrence of the so-
lar flares was obtained from the GOES satellite [10].
Solar flares are classified by labels A, B, C, M, or X ac-
cording to peak flux magnitude, where class A, the
lowest X-ray flux, is less than 1077 Wm2 X is above
10* Wm™2.

RESULTS AND DISCUSSION
The **Mn

The Nal(Tl) system in front of an *Mn source
began operating in May 2021. Two decreases in the
count rate of >*Mn were observed, as shown in fig. 2,
indicating that the count rate decreases corresponding
to solar flares that occurred in May 2021. These de-
creases occurred following two separate solar flare
events. The first event, a solar flare class M3.9, took
place on May 7, and the second event, a solar flare
class C1.5, happened on May 12. When decreases in
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Figure 2. The **Mn count rate results. Arrows and circles mark observed decreases. Information is provided concerning

the time (UT + 2) and type of solar flares
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the count rate were measured, the sun was calm, hence
the solar activity magnitude was low (A5 and B2, re-
spectively).

In fig. 2(a) the decrease on May 11, 2021 that
occurred between 5:30 to 22:30 (UT+2) was about 17
hours long. This decrease occurred after solar flare
class M3.91; in addition, the following solar flares
events were registered: C1.5 and C8.64 on May 08,
2021, and C1.6 and C4.04 on May 09, 2021. We
presume that the response of all those solar flares was
accumulated into a single decrease on May 11, 2021.
The decrease on May 16, 2021, fig. 2b, occurred in
response to a single solar flare.

In order to statistically confirm our results, we
performed a trapezoidal area calculation concerning
the results from May 16, 2021: six data points were av-
eraged on both sides around the dip. Average perfor-
mance is calculated to reduce ordinary fluctuations in
readings from the detector.

Trapezoidal area calculation

(16847714+16813128)- 64

S trapezoid — ) =1077146971

Measured counts sum at the same region was
Seount rate = 1076482900.

When deducting the trapezoidal area from the
measured counts sum, we obtain the dip area

A =1076482900-1077146971=-664071

readings

Decrease of -664071 counts received in the
graph in fig. 2(b).
Calculation of the limit of detection (L,)

o =32820
L, =2326-0 =2326-32820=76339

There is almost a difference of one order of mag-
nitude between the measured decrease counts and the
limit of detection. Therefore, this result was found to
be statistically significant [11].

Comparing these results with those published by
Jenkins and Fischbach [2] and in light of our previous
findings [6-8], delays between the solar flare and the
response of **Mn were observed. In the Jenkins and
Fischbach's December 2006 study we can identify de-
lays of about five days ([2] — fig. 1):

—  Solar flares that occurred on December 5-6, 2006
affected radiation detection on December 12, 2006.

— A solar flare that occurred on December 12, 2006
affected the count rate on December 17, 2006.

— A solar flare that occurred on December 14, 2006
affected count rates on December 19-22, 2006.

Jenkins and Fischbach's phenomenological re-
sults, which were the first to be published, are novel
and of great importance for the field of nuclear phys-
ics. Their pioneering contribution led other research
groups to conduct intensive studies regarding how so-
lar flares affect the radioactive decay constant.

The ¥Co

Measurements of radioactive °’Co, which un-
dergoes electron capture radioactive decay similarly to
*Mn, were conducted. Figure 3 presents two results of
S7Co count rates. Six decreases in the count rate of
S7Co were observed.

The calculation for the changes in the count rate
of 3’Co was performed using the same method as for
>*Mn. The calculation was based on the result from
November 18, 2020. A decrease of -2173118 was ob-
tained, with L =20348. More than two orders of mag-
nitude of difference between the decrease and the limit
of detection were found, which is statistically signifi-
cant[11]. Ina>’Co radioactive source, a delay of about
seven days between the solar flare occurrence and the
decrease in the count rate was observed.

Table 1 provides a list of six >’Co and two **Mn
events accompanied by the magnitude of the solar flare
(type), its occurrence date, the dip date, and the delay. So-
lar flares with an intensity of less than C1 cannot be re-
vealed by ¥Co or **Mn. At this stage, the relation be-
tween solar flare intensities cannot be indicated.

CONCLUSIONS

Solar neutrino detection is known to be a very
challenging task due to the minuscule absorption
cross-section. This study reveals additional radioac-
tive sources that significantly respond to solar neutri-
nos.

Following the research presented by Jenkins and
Fishbach in 2009 [2], this study demonstrated changes
in the count rates for 3*Mn and for >’Co. In our previ-
ous studies regarding 2*! Am, 2?’Rn, and >3?Th, we dis-
cerned a delay between solar flares and count rate de-
creases. Our innovative results for electron capture
sources supplement our previous studies, which ex-
amined alpha emitters, thus strengthening our argu-
ment concerning the effect of solar neutrinos on radio-
active materials.

With regard to 3*Mn, two count rate decreases
were observed, resulting from two solar flares that oc-
curred on May 7 and May 12, 2021. We conclude that
there is a delay of about five days between the solar
flare and the resulting count rate dip for >*Mn, support-
ing our findings in previous studies. For 3’Co, six
count rate decreases were observed. We found that
there is a delay of about seven days between the solar
flare and the decrease in the count rate. For both sets of
results, the calculated limit of detection was found to
be of statistical significance.

The results of this study support the argument
that there is neutrino involvement in the decay pro-
cesses for several radioactive materials. We can there-
fore conclude that >*Mn and 3’Co interact with neutri-
nos that originate during solar flares.
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Figure 3. Count rate results for *’Co. Arrows mark the observed dips. Information is provided concerning the time

(UT + 3) and type of flares

Table 1. Measured ’Co and **Mn count rate
events, dates, and information on solar flares

Radionuclide Solar Solar | Count-rate | Delay
flare date |flare type| rate dip date | [d]
*'Co 8 Nov2020| C5.7 |14Nov2020| 7
57 11-12 Nov 18-19 Nov
Co 2020 C2.6 2020 7

"Co 20 Nov 2020, C1.9
Co 22 Nov 2020, C3.3
TCo 29 Nov 2020, M4.4
Co 7 Dec 2020 | C7.4
*Mn 7 May 2021| M3.9
*Mn  [12May 2021 C1.5

25Nov 2020 6
30 Nov2020| 8
8 Dec 2020 | 10
13 Dec 2020 7
11 May 2021
16 May 2021| 5

The results for *Mn and *’Co indicate that a rise
in neutrino flux can alter the decay rates of the electron
capture radioactive process, which involves neutrino
emission. Thus, we can assume that the presence of a
relatively greater amount of surrounding neutrinos re-
duced the decay.
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Ilonatan BAJIT, Jea IIEJIET, Anatomuj POOHUJAHCKU,
Hup XASEHIIIIPYHT, Junax OPAJOH

YTULAJ COJAPHUX BAK/BM HA OCOBMHE
KOHCTAHTH PAJTMOAKTUBHOI PACHAJIA 5Mn U 57Co

IMpomene y Gp3vHamMa paJMOAKTUBHOTI pacliajia ycilel CyHYeBHX Oak/bH MpHBYKJE Ccy Behy
HAyYHy NaKiy MOCHEAHBUX JelleHuja. Y NPETXOJHMM pajJoBMMa MOKA3adM CMO Jla CyHUeBe OaKibe
u3a3uBajy npoMene y Opsunu pacmana >*'Am, 2’Rn u >’Th. IIpomena y 6Gp3unu onGpoja “*Mn ycrep
CyHUEBHUX 0aKJbM, KAKO Cy YOUWIHN UCcTpaxkuBayun ca Y HuBepsuteta [lypaye 2006. rogune, nojcrakia Hac je
/la MOHOBHMO Mepersa. [lopef Tora, n3MepuIi cMo Gp3uHy Ooi0Gpoja rama 3padera >/ Co ycief 3axBaTa
€NIEKTPOHa, Kao M y pacnapy ~*Mn.

Hamra HOBa Mepema TIOKa3yjy /1a OCTOjU Kallllkeke Off OKO MET aHa u3Meby nojase cyHuese
Gakjbe 1 cMambema Op3uHe ofopoja **Mn. Takobe, 3ak/byuyjeMo f1a je y mpoyuaBamy >*Mn u3 2006. rouse
MOCTOjajio Kallkewke n3mMeby conapuux 6axkibn u pe3yntyjyhux magosa 6p3uHe onopoja. lllTo ce Tmue
cTpyKType 6pojarma >’Co, ©3MePUIIH CMO OKO CeflaM laHa KalllkeHa U3Mehy nojase cyHueBUX GaK/bU M Haja
6p3uHe o10poja. 3aksbydyjemo ia >*Mn u 3’Co unTeparyjy ca HeyTPMHEMA KOjH HACTA]y TOKOM CYHUEBHUX
OGaKJbU.

Kmwyune peuu: Cynuye, 6axma, HeYipUHO, KOHCIUAHILA paOUOAKIiU8HOZ paciiada




