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This study explores the impact of solar flare events on radioactive materials, focusing in par-
ticular on the thorium decay chain. Previous research has indicated that gamma emitters are
affected by solar flares, resulting in count-rate dips. In this study, we present, for the first
time, concurrent gamma and beta count-rate measurements from a thorium radioactive
source, revealing multiple dips in the count rate. Based on a consideration of the temporal re-
lationship between beta and gamma emissions, we propose that the response to solar events
originates primarily from beta emissions.

To investigate this phenomenon further, we employ plastic scintillator beta detectors, en-
abling the examination of various radioactive sources and the study of neutrino interactions
and their impact on decay rates. This experimental approach offers an opportunity to expand
our knowledge of particle interactions and provides insights into the interplay between solar

flares, neutrino flux, and the behavior of radioactive materials.
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INTRODUCTION

Our recent research has focused on how solar
flares affect radioactive decay rates. Fischbach first
presented evidence of radiation count-rate fluctua-
tions due to solar flares (SF) in 2006, using a **Mn ra-
dioactive source observing that high-flux X-ray solar
flares (classified as class X, above 107* Wm™2) exhib-
ited a correlation with a decrease in gamma radiation
count- rates of **Mn [1]. This led us to investigate the
possibility of solar flare-induced changes in half-life
caused by the neutrino flux generated during SF erup-
tions [2, 3]. In previous publications, using gamma ra-
diation detectors, we provided evidence that solar
flares affect the decay rates of various radioisotopes,
including 2*! Am, 2*2Rn, 23?Th, **Mn, and 3’Co [3-6].
Likewise, Parkhomov presented periodic count-rate
variations in beta-emission radioactive sources mea-
sured using an ion chamber detector. These count-rate
changes were observed specifically for °°Co and
903r-20Y based on their beta radiation emissions [7].

The current study focuses on a thorium radiation
source: a naturally occurring radioactive material
found in sands and sediments due to its insolubility
[8]. Thorium has a decay chain comprising several ra-
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dioactive isotopes. The 2*>Th, with a half-life of 14.5
billion years, and 23°Th, with a half-life of 75200 years
[9], are of particular interest. We observed that ap-
proximately nine days after a SF event, the count rate
of ?*’Th gamma radiation showed a decrease of
around 1.1 % [2]. This decrease indicates the potential
influence of SF on gamma count rates. For compari-
son, we also measured beta count rates using a natural
thorium specimen, which emits both beta and gamma
radiation.

Via this research, we aim to deepen our under-
standing of the relationship between SF and changes in
radioactive decay rates, specifically investigating the ef-
fects on both gamma and beta count rates.

METHODS

We collected information concerning the inten-
sity, class magnitude, and duration of daily solar flare
events from the Geostationary Operational Environ-
mental Satellites (GOES) operated by the Space
Weather Prediction Center of the National Oceanic
and Atmospheric Administration, USA. These satel-
lites provide measured solar X-ray flux data, reported
in units of Wm™2 per minute. We specifically focused
on flares of C, M, and X classes, which are known for
their high intensity.
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To detect gamma radiation, we utilized a Nal(Tl)
gamma radiation detector system, as previously de-
scribed in our earlier publication [5]. The system is de-
signed to detect gamma radiation using a sodium iodide
crystal scintillator. The gamma detector and the beta de-
tector were positioned facing the thorium source, which
consisted of 40 grams of Th(NO;),-5H,0 in a polyethyl-
ene bag (0.05 mm thickness). Total counts were recorded
every 15 minutes.

The beta radiation detection was carried out us-
ing a plastic scintillator beta radiation detector system.
In this study, we employed a plastic scintillator of type
BC404, which has a thickness of 25.4 mm and a diam-
eter of 50.8 mm. The scintillator's light output is 68%
anthracene, and it has a decay time of 1.8 ns [10]. Plas-
tic scintillators are well-suited to detecting charged
particles, such as beta particles, which interact with the
active surface area of the plastic. The BC404 beta de-
tector is particularly suitable for fast counting. The
plastic scintillator converts the energy of radiation into
photons. It is important to consider the energy loss of
electrons as they pass through the surface of the plastic
scintillator, especially when their energy is relatively
low. The energy loss is caused by scattering during the
electron's passage through the surface and by brems-
strahlung photons generated as the electron interacts
with the medium.

Beta emission activity from
progeny of the 2**Th decay chain

The following beta decays occur in the 2>’Th de-
cay chain:

228Ra — 22Ac — 2)Th — [4a emission] —
212pp — 212Bi — Branch [approximately emitted to-
gether]: (64 %) 2'”Bi — ?1?Po, (36 %) [o. emission] —
208T] _y 208pp,.

Each beta emission has a unique decay rate. Based
on the 2**Th initial activity, it is necessary to calculate the
balanced activity for each one. Each of the five beta
emissions is characterized by a certain spectrum (Proba-
bilities tables are available in Eckerman et al. [11]).

We calculate the activity in equilibrium of the
beta emitters of the 232Th chain. First, we define,

A(P*Ra)=4, (1)

The A,— [Th-Nitrate + SH,0] activity (based on
40 g and specific activity), since its half-life is very
short compared to the 2*2Th half-life.

ACP Ac) =4y (1—e M9y = 4, )

The *?!Ac half-life is very short, therefore, we
can skip its decay and go directly to 2*3Th.

The activity of 2?Th is affected by the equilib-
rium with 22®Ra

Toog, Toog, [ Toosy,
fmax = 144 In 3)
Tooge Toosy,  \ Toasy,

=45y

t max

we can calculate the ratio
AC®Th) Ty,

- ~15 (4)
A(C®Ra)  Tyg, —Tog,

Hence,
AP Th)=154(**Ra) =154, (5)

All the next three alpha emitters in this decay
chain are short-lived; thus, the activity of >'?Pb must
remain the same as the activity of >8Th.

A(**Pb)=154, (6)
Using the following calculation, we obtain
A(*Bi) B Ty,
ACPb) B Top,, —Thia,
Therefore,

=11 (7)

ACPBi)=114(*"Pb)=11"154, =1654, (8)

Only 64 % of the 2!?Bi is beta decay toward
212pg, hence for beta emission

A(*?Bi)[beta] = 1056 4, 9)

The other branch led to 2°8T1 with a probability
of 36 %.

208 T
A(mﬂ')= o 1053 (10)
A(T7Bi)  Tyn, —Thg,

AC®TI)=10534(*"?Bi) (11)

AC® T =036%1654, =0594 4,  (12)

To obtain activities numerically, we use the spe-
cific activity of thorium as 4.06 MBqkg™' [12]. The Th
is 4.07 % by weight in Th-Nitrate + 5H,O, so its mass
is 1.628 g, providing activity of 66.08 kBq (4,). Table
1 contains the list of all beta emitters and their activity
based on the thorium-specific activity.

Monte Carlo simulations

The BC404 beta detector properties, materials, and
dimensions were entered into a set of MCNP Monte
Carlo simulation inputs. Each one of the five beta emis-
sions with their specific spectrum probabilities tables

Table 1. Beta emitters radionuclide activity of the thorium
decay chain: the numerical values are based on 40 g of
Th(NO3)45HzO

Beta source Relative activity Activity [kBq]
2Ra A0 66.08
BAc A0 66.08
212py, 1.5A0 99.12
212g;j 1.65A0 109.03
2087 0.594A0 39.25
Total 5.744 A0 379.56
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was enclosed in the source cell definition that was isoto-
pically distributed. The MCNP version 5 [13] was uti-
lized to obtain the detector's response to each of the beta
radiation radioisotopes with 107 histories. The total count
rate from the simulations is designed to be compared to
the count-rate measurement reading.

RESULTS AND DISCUSSION
Monte Carlo simulations

Each simulation was performed separately, focus-
ing on a specific beta emitter and considering its spectral
probability distribution function. The response of the
BC404 detector, expressed in units of counts per emis-
sion rate, was analyzed concerning the electron energy.
The results of these simulations are depicted in fig. 1,
which presents the BC404 response for the four beta
emitters in the thorium chain. This analysis provides
valuable insights into the detection characteristics and
spectral properties of these radionuclides, offering im-
portant comparisons to the detector measurements.

Based on the simulation response results, the to-
tal counts per emission rate were determined as fol-
lows: 5.95-10* for 228Ac, 0.00568 for 21?Bi, and
6.65-10* for 293TI. It should be noted that the counts
from 2!2Pb were found to be negligible, as indicated in
fig. 1. By incorporating these emission rates and refer-
ring to tab. 1 for the corresponding activities, the over-
all calculated counts per 15 minutes were determined
to be 2.963-10° (with an estimated uncertainty of ap-
proximately 2 %). These findings provide valuable in-
formation regarding the expected count rates based on
the simulated responses and the activities associated
with each radionuclide.

Measurements results

The detector measured an average count rate of
3.346-10° (£2 10%) counts per 15 minutes, excluding
the identified anomalies. Notably, an excess of ~12 %
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Figure 1. The BC404 Response vs. electron energy in
counts per emission rate for beta emitters in the thorium
chain; (1) **Ac, (2) ?Pb, (3) '*Bi, and (4) 2®*TI1

in the count rate per 15 minutes was observed, which
could be attributed to additional processes, specifi-
cally the emission of secondary electrons (such as
photoelectrons and Compton electrons) resulting from
the interaction of X-rays with the detector. However, it
is important to acknowledge that these secondary elec-
tron emissions were not accounted for in the simula-
tions conducted.

Both detection systems, the Nal(TI) system, and
the plastic BC404 system, were located in front of the
232Th source and began operating in parallel in Octo-
ber 2022.

In the study, four distinct dips in the count rates
of gamma and beta radiation from thorium were iden-
tified and recorded, as outlined in tab. 2. These dips in-
dicate notable changes in the count rates as a direct
consequence of SF events. Figure 2 illustrates the im-
pact of a SF class M5.2, which transpired on Novem-
ber 7,2022. On November 14, 2022, noticeable reduc-
tions in both gamma and beta count -rates were ob-
served. The sample numbers in the figure represent a
15-minute increment from each counting period. Sim-
ilarly, fig. 3 demonstrates the influence of two solar
flares (M3.7 and X1.2) that occurred on December 30,
2022, and January 6, 2023, respectively. The count
rates for both gamma and beta radiation demonstrated
declines starting from January 10, 2023. These find-
ings highlight the relationship between solar flare ac-
tivity and fluctuations in the count rates of thorium
gamma and beta radiation.

Figures 2 and 3 provide evidence of how strong
solar flares affect beta emissions from thorium proge-
nies, as well as the effects of solar flares on gamma ra-
diation emissions from the thorium decay chain.

In particular, the beta detector counts obtained
onJanuary 23,2023, exhibited a distinct dip following
the occurrence of three consecutive class M solar
flares over three-days. This series of strong flares re-
sulted in a prolonged duration of the signal, as illus-
trated in fig. 4. To assess the significance of the signal
dip in the beta count measurements for thorium, the
method of limits-of-detectability (L) described by
Knoll was employed [14]. By comparing the count

Table 2. Thorium count-rate responses to SF during Nov
2022-Feb 2023: Left to right: SF occurrence date; SF class
(and size in n'Wm%); count-rate dip reading date and delay
time

Count-rate | Delay | Beta counts
SF date SF type dip date [d] |dip difference
November 7, November
2022 M52 1 4002 | 8 ] O14%
December
30, 2022 M3.7 January 10,
January 06, | X1.2 2033 | 10| -015%
2023
January M4.6, |January 23,
14-15,2023 | M6, M48 | 2033 | 210 | —024%
February 17, February 27,
2023 X2.2 2023 10 -0.13 %
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rate with its mean value, it was possible to determine
whether the count rate fell below or above the mean
value.

Mean =3.334683E + 06
o =18553
L, =2326 0 =2326-18553=43154
Mean —L, =(3.34683E +06)—43154 =3342514
signal = 3338780
diff f =|signal —(Mean — L, ) =3734.6

In this dip, 3734.6 counts exceeded the critical
level, which is even more than 2.

This approach allowed for a rigorous evaluation
of the significance of the observed dip in the beta
counts, providing valuable insights into the impact of
SF on thorium beta emissions and improving our un-
derstanding of the fluctuation patterns in the measured
data.

The decrease in beta radiation count rate behaves
comparably to the decrease in gamma radiation count
rate concerning the delay time following SF events.
However, it is worth noting that the beta radiation count
rate specifically responds to strong SF of class M or X,
whereas the gamma radiation is affected even by
lower-intensity flares of class C, as previously docu-
mented. This distinction suggests that emissions of
gamma rays and beta rays originate from different radio-
isotopes. The gamma radiation, influenced by a broader
range of SF intensities, reflects the impact of various ra-
diation sources within the thorium decay chain.

These findings emphasize the importance of dif-
ferentiating between the response characteristics of
gamma and beta emissions, which originate from dis-
tinct radioisotopes and exhibit varying sensitivities to
SF events. Such distinctions facilitate a more compre-
hensive understanding of the complex dynamics be-
tween SF and the emissions of different types of radia-
tion.

165500

166000 166500 167000 167500
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CONCLUSION

This study offers novel insights into the relation-
ship between solar events and radioactive decay within
the thorium decay chain. By concurrently measuring
gamma and beta count rates during solar flare events,
the research reveals a significant impact on the decay
process. Notably, the observed temporal sequence, with
beta emissions preceding gamma rays, underscores the
primary role of beta emission in responding to solar
events. This study's use of plastic scintillator beta detec-
tors opens avenues for investigating the broader impli-
cations of solar phenomena on decay rates and neutrino
interactions, advancing our understanding of the intri-
cate interplay between these factors. It paves the way
for future research to delve into the underlying mecha-
nisms and their implications for various radioactive
sources and neutrino-related studies.
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Jea IIEJIET, Junaxk OPAJOH

YTNLHAJ JAKUX CONAPHUX BAK/bU HA BP3UHY
BPOJAILA BETA 3PAYEIbA TOPUJYMA

OBaj pap ucrpaxyje yTHUIaj cOJapHUX OaK/bU HAa pafiMOAKTUBHE Marepujaje, moceOHO ce

¢oxkycupajyhn Ha nanarn pacnaga Topujyma. [IpeTxonHa ncTpaxknBama IIoKa3aia cy la Ha raMa eMHATepe
yTHYy CyHYeBe OaKJbe, IIITO JOBOAM 0 Najia Op3uHe Opojama. Y OBOj CTYAM]H, 11O IPBU YT NMPEACTaBHAMO
UCTOBpEMeHa Mepera rama u 6eta 6p3uHe 6pojara 13 TOPUjYMCKOT PaHOaKTUBHOT H3BOPa, OTKpUBajyhn
BUIIIECTPYKE Maf0oBe y cTonu 6pojama. Ha ocHOBY pa3maTpama BpeMEHCKOT ofiHOca u3Mmeby 6eta u rama
eMuchja, IpeIaskeMo Jia OIrOBOp Ha coJlapHe forabaje moTtnde mpBEeHCTBEHO Off 6eTa eMHUCH]a.
Ila 6ucMo Hamgarbe UCTPaKWIU OBaj (PeHOMEH, KOPUCTUMO IUIACTUYHE CIMHTIIATOPCKE 6eTa JeTeKTope,
KOju OMOryhaBajy WMCIHTHBaWkE pa3NIUTHX pPAJUOAKTUBHUX M3BOpa U INpOydaBame HHTEpaKIHja
HEYTPOHA W HHUXOBOT yTHIaja Ha crome pacmaga. OBaj eKCIEpUMEHTANHN MPUCTYI HYAHW NPIUIAKY fa
OPOIIMPUMO Hallle 3Halke O MHTepakKIldjaMa YecTHIa U IpysKa YBUI y WHTEpaKuujy m3Meby comapHmx
6aksbu, (pIyKca HEYyTPOHA U MOHAIIakha PAIUOAKTHBHUX MaTepujaa.

Kwyune peuu: paouoakiiueHu paciiao, wopujym, zama emucuja, 6eitia emucuja, meperbe bp3ume bpojarsa,
UAACTUUYHU CUUHIUUAAQIIOD, UHILEPaAKUU]a HeYIliPpOHA



