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This study ex plores the im pact of so lar flare events on ra dio ac tive ma te ri als, fo cus ing in par -
tic u lar on the tho rium de cay chain. Pre vi ous re search has in di cated that gamma emit ters are
af fected by so lar flares, re sult ing in count-rate dips. In this study, we pres ent, for the first
time, con cur rent gamma and beta count-rate mea sure ments from a tho rium ra dio ac tive
source, re veal ing mul ti ple dips in the count rate. Based on a con sid er ation of the tem po ral re -
la tion ship be tween beta and gamma emis sions, we pro pose that the re sponse to so lar events
orig i nates pri mar ily from beta emis sions.
To in ves ti gate this phe nom e non fur ther, we em ploy plas tic scintillator beta de tec tors, en -
abling the ex am i na tion of var i ous ra dio ac tive sources and the study of neu trino in ter ac tions
and their im pact on de cay rates. This ex per i men tal ap proach of fers an op por tu nity to ex pand
our knowl edge of par ti cle in ter ac tions and pro vides in sights into the in ter play be tween so lar
flares, neu trino flux, and the be hav ior of ra dio ac tive ma te ri als.

Key words: ra dio ac tive de cay, tho rium, gamma emis sion, beta emis sion,
count-rate mea sure ment, plas tic scintillator, neu trino in ter ac tion

IN TRO DUC TION

Our re cent re search has fo cused on how so lar
flares af fect ra dio ac tive de cay rates. Fischbach first
pre sented ev i dence of ra di a tion count-rate fluc tu a -
tions due to so lar flares (SF) in 2006, us ing a 54Mn  ra -
dio ac tive source ob serv ing that high-flux X-ray so lar
flares (clas si fied as class X, above 10–4 Wm–2) ex hib -
ited a cor re la tion with a de crease in gamma ra di a tion
count- rates of 54Mn [1]. This led us to in ves ti gate the
pos si bil ity of so lar flare-in duced changes in half-life
caused by the neu trino flux gen er ated dur ing SF erup -
tions [2, 3]. In pre vi ous pub li ca tions, us ing gamma ra -
di a tion de tec tors, we pro vided ev i dence that so lar
flares af fect the de cay rates of var i ous ra dio iso topes,
in clud ing 241Am, 222Rn, 232Th, 54Mn, and 57Co [3-6].
Like wise, Parkhomov pre sented pe ri odic count-rate
vari a tions in beta-emis sion ra dio ac tive sources mea -
sured us ing an ion cham ber de tec tor. These count-rate
changes were ob served spe cif i cally for 60Co and
90Sr-90Y based on their beta ra di a tion emis sions [7].

The cur rent study fo cuses on a tho rium ra di a tion
source: a nat u rally oc cur ring ra dio ac tive ma te rial
found in sands and sed i ments due to its in sol u bil ity
[8]. Tho rium has a de cay chain com pris ing sev eral ra -

dio ac tive iso topes. The 232Th, with a half-life of 14.5
bil lion years, and 230Th, with a half-life of 75200 years
[9], are of par tic u lar in ter est. We ob served that ap -
prox i mately nine days af ter a SF event, the count rate
of 232Th gamma ra di a tion showed a de crease of
around 1.1 % [2]. This de crease in di cates the po ten tial
in flu ence of SF on gamma count rates. For com par i -
son, we also mea sured beta count rates us ing a nat u ral
tho rium spec i men, which emits both beta and gamma
ra di a tion.

Via this re search, we aim to deepen our un der -
stand ing of the re la tion ship be tween SF and changes in
ra dio ac tive de cay rates, spe cif i cally in ves ti gat ing the ef -
fects on both gamma and beta count rates.

METH ODS

We col lected in for ma tion con cern ing the in ten -
sity, class mag ni tude, and du ra tion of daily so lar flare
events from the Geo sta tion ary Op er a tional En vi ron -
men tal Sat el lites (GOES) op er ated by the Space
Weather Pre dic tion Cen ter of the Na tional Oce anic
and At mo spheric Ad min is tra tion, USA. These sat el -
lites pro vide mea sured so lar X-ray flux data, re ported
in units of Wm–2 per min ute. We spe cif i cally fo cused
on flares of C, M, and X classes, which are known for
their high in ten sity.
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To de tect gamma ra di a tion, we uti lized a NaI(Tl)
gamma ra di a tion de tec tor sys tem, as pre vi ously de -
scribed in our ear lier pub li ca tion [5]. The sys tem is de -
signed to de tect gamma ra di a tion us ing a so dium io dide
crys tal scintillator. The gamma de tec tor and the beta de -
tec tor were po si tioned fac ing the tho rium source, which
con sisted of 40 grams of Th(NO3)4·5H2O in a poly eth yl -
ene bag (0.05 mm thick ness). To tal counts were re corded 
ev ery 15 min utes.

The beta ra di a tion de tec tion was car ried out us -
ing a plas tic scintillator beta ra di a tion de tec tor sys tem.
In this study, we em ployed a plas tic scintillator of type
BC404, which has a thick ness of 25.4 mm and a di am -
e ter of 50.8 mm. The scintillator's light out put is 68%
anthracene, and it has a de cay time of 1.8 ns [10]. Plas -
tic scin til la tors are well-suited to de tect ing charged
par ti cles, such as beta par ti cles, which in ter act with the 
ac tive sur face area of the plas tic. The BC404 beta de -
tec tor is par tic u larly suit able for fast count ing. The
plas tic scintillator con verts the en ergy of ra di a tion into 
pho tons. It is im por tant to con sider the en ergy loss of
elec trons as they pass through the sur face of the plas tic 
scintillator, es pe cially when their en ergy is rel a tively
low. The en ergy loss is caused by scat ter ing dur ing the
elec tron's pas sage through the sur face and by brems -
strah lung pho tons gen er ated as the elec tron in ter acts
with the me dium.

Beta emission activity from
progeny of the 232Th decay chain

The fol low ing beta de cays oc cur in the 232Th de -
cay chain:

228Ra ® 228Ac ® 228Th ® [4a emis sion] ®
212Pb ® 212Bi ® Branch [ap prox i mately emit ted to -
gether]: (64 %) 212Bi ® 212Po, (36 %) [a emis sion] ®
208Tl ® 208Pb.

Each beta emis sion has a unique de cay rate. Based
on the 232Th ini tial ac tiv ity, it is nec es sary to cal cu late the
bal anced ac tiv ity for each one. Each of the five beta
emis sions is char ac ter ized by a cer tain spec trum (Prob a -
bil i ties ta bles are avail able in Eckerman et al. [11]).

We cal cu late the ac tiv ity in equi lib rium of the
beta emit ters of the 232Th chain. First, we de fine,

A A( )228
0Ra = (1)

The A0 – [Th-Ni trate + 5H2O] ac tiv ity (based on
40 g and spe cific ac tiv ity), since its half-life is very
short com pared to the 232Th half-life.

A A AAc t( ) ( )( )228
0 01Ac e= - =- l (2)

The 228Ac half-life is very short, there fore, we
can skip its de cay and go di rectly to 228Th.

The ac tiv ity of 228Th is af fected by the equi lib -
rium with 228Ra
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we can cal cu late the ra tio
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Hence,
A A A( ) . ( ) .228 228

015 15Th Ra= = (5)

All the next three al pha emit ters in this de cay
chain are short-lived; thus, the ac tiv ity of 212Pb must
re main the same as the ac tiv ity of 228Th.

A A( ) .212
015Pb = (6)

Us ing the fol low ing cal cu la tion, we ob tain
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There fore,

A A A A( ) . ( ) . . .212 212
0 011 11 15 165Bi Pb= = =* (8)

Only 64 % of the 212Bi is beta de cay to ward
212Po, hence for beta emis sion

A A( )[ ] .212
01056Bi beta = (9)

The other branch led to 208Tl with a prob a bil ity
of 36 %.
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To ob tain ac tiv i ties nu mer i cally, we use the spe -
cific ac tiv ity of tho rium as 4.06 MBqkg–1 [12]. T he Th 
is 4.07 % by weight in Th-Ni trate + 5H2O, so its mass
is 1.628 g, pro vid ing ac tiv ity of 66.08 kBq (A0). Ta ble
1 con tains the list of all beta emit ters and their ac tiv ity
based on the tho rium-spe cific ac tiv ity.

Monte Carlo simulations

The BC404 beta de tec tor prop er ties, ma te ri als, and 
di men sions were en tered into a set of MCNP Monte
Carlo sim u la tion in puts. Each one of the five beta emis -
sions with their spe cific spec trum prob a bil i ties ta bles
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Table 1. Beta emitters radionuclide activity of the thorium 
decay chain: the numerical values are based on 40 g of
Th(NO3)4·5H2O

Beta source Relative activity Activity [kBq]
228Ra A0 66.08
228Ac A0 66.08
212Pb 1.5A0 99.12
212Bi 1.65A0 109.03
208Tl 0.594A0 39.25

Total 5.744 A0 379.56



was en closed in the source cell def i ni tion that was iso to -
pi cally dis trib uted. The MCNP ver sion 5 [13] was uti -
lized to ob tain the de tec tor's re sponse to each of the beta
ra di a tion ra dio iso topes with 107 his to ries. The to tal count 
rate from the sim u la tions is de signed to be com pared to
the count-rate mea sure ment read ing.

RESULTS AND DISCUSSION

Monte Carlo simulations

Each sim u la tion was per formed sep a rately, fo cus -
ing on a spe cific beta emit ter and con sid er ing its spec tral
prob a bil ity dis tri bu tion func tion. The re sponse of the
BC404 de tec tor, ex pressed in units of counts per emis -
sion rate, was an a lyzed con cern ing the elec tron en ergy.
The re sults of these sim u la tions are de picted in fig. 1,
which pres ents the BC404 re sponse for the four beta
emit ters in the tho rium chain. This anal y sis pro vides
valu able in sights into the de tec tion char ac ter is tics and
spec tral prop er ties of these radionuclides, of fer ing im -
por tant com par i sons to the de tec tor mea sure ments.

Based on the sim u la tion re sponse re sults, the to -
tal counts per emis sion rate were de ter mined as fol -
lows: 5.95×10–4  for 228Ac, 0.00568 for 212Bi, and
6.65×10–4  for 208Tl. It should be noted that the counts
from 212Pb were found to be neg li gi ble, as in di cated in
fig. 1. By in cor po rat ing these emis sion rates and re fer -
ring to tab. 1 for the cor re spond ing ac tiv i ties, the over -
all cal cu lated counts per 15 min utes were de ter mined
to be 2.963×106 (with an es ti mated un cer tainty of ap -
prox i mately 2 %). These find ings pro vide valu able in -
for ma tion re gard ing the ex pected count rates based on
the sim u lated re sponses and the ac tiv i ties as so ci ated
with each radionuclide.

Measurements results

The de tec tor mea sured an av er age count rate of
3.346×106 (±2 103) counts per 15 min utes, ex clud ing
the iden ti fied anom a lies. No ta bly, an ex cess of ~12 %

in the count rate per 15 min utes was ob served, which
could be at trib uted to ad di tional pro cesses, spe cif i -
cally the emis sion of sec ond ary elec trons (such as
photoelectrons and Compton elec trons) re sult ing from 
the in ter ac tion of X-rays with the de tec tor. How ever, it 
is im por tant to ac knowl edge that these sec ond ary elec -
tron emis sions were not ac counted for in the sim u la -
tions con ducted.

Both de tec tion sys tems, the NaI(Tl) sys tem, and
the plas tic BC404 sys tem, were lo cated in front of the
232Th source and be gan op er at ing in par al lel in Oc to -
ber 2022.

In the study, four dis tinct dips in the count rates
of gamma and beta ra di a tion from tho rium were iden -
ti fied and re corded, as out lined in tab. 2. These dips in -
di cate no ta ble changes in the count rates as a di rect
con se quence of SF events. Fig ure 2 il lus trates the im -
pact of a SF class M5.2, which tran spired on No vem -
ber 7, 2022. On No vem ber 14, 2022, no tice able re duc -
tions in both gamma and beta count -rates were ob -
served. The sam ple num bers in the fig ure rep re sent a
15-min ute in cre ment from each count ing pe riod. Sim -
i larly, fig. 3 dem on strates the in flu ence of two so lar
flares (M3.7 and X1.2) that oc curred on De cem ber 30,
2022, and Jan u ary 6, 2023, re spec tively. The count
rates for both gamma and beta ra di a tion dem on strated
de clines start ing from Jan u ary 10, 2023. These find -
ings high light the re la tion ship be tween so lar flare ac -
tiv ity and fluc tu a tions in the count rates of tho rium
gamma and beta ra di a tion.

Fig ures 2 and 3 pro vide ev i dence of how strong
so lar flares af fect beta emis sions from tho rium prog e -
nies, as well as the ef fects of so lar flares on gamma ra -
di a tion emis sions from the tho rium de cay chain.

In par tic u lar, the beta de tec tor counts ob tained
on Jan u ary 23, 2023, ex hib ited a dis tinct dip fol low ing 
the oc cur rence of three con sec u tive class M so lar
flares over three-days. This se ries of strong flares re -
sulted in a pro longed du ra tion of the sig nal, as il lus -
trated in fig. 4. To as sess the sig nif i cance of the sig nal
dip in the beta count mea sure ments for tho rium, the
method of lim its-of-detectability (Lc) de scribed by
Knoll was em ployed [14]. By com par ing the count

Y. Peleg, et al., The Im pact of Strong So lar Flares on Tho rium Beta Radiation ...
104 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 2, pp. 102-107

Fig ure 1. The BC404 Re sponse vs. elec tron en ergy in
counts per emis sion rate for beta emit ters in the tho rium
chain; (1) 228Ac, (2) 212Pb, (3) 212Bi, and (4) 208Tl

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

SF date SF type Count-rate
dip date

Delay
[d]

Beta counts
dip difference

November 7,
2022 M5.2 November

14, 2022 8 –0.14 %

December
30, 2022

January 06,
2023

M3.7
X1.2

January 10,
2023 5-10 –0.15 %

January
14-15, 2023

M4.6,
M6, M4.8

January 23,
2023 9-10 –0.24 %

February 17,
2023 X2.2 February 27, 

2023 10 –0.13 %
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Fig ure 2. Tho rium count-rate
dip mea sured by the gamma
de tec tor (up), and the beta
de tec tor (down). In for ma tion
about the rel e vant SF is
pro vided with the time (UT + 2)

Fig ure 3. The count rate
de creases both in the
gamma de tec tor read ing (top)
and the beta de tec tor read ing
(bot tom), in for ma tion about
the re spec tive SF is pro vided
with the time (UT + 2)



rate with its mean value, it was pos si ble to de ter mine
whether the count rate fell be low or above the mean
value.
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In this dip, 3734.6 counts exceeded the crit i cal
level, which is even more than 2.

This ap proach al lowed for a rig or ous eval u a tion
of the sig nif i cance of the ob served dip in the beta
counts, pro vid ing valu able in sights into the im pact of
SF on tho rium beta emis sions and im prov ing our un -
der stand ing of the fluc tu a tion pat terns in the mea sured 
data.

The de crease in beta ra di a tion count rate be haves
com pa ra bly to the de crease in gamma ra di a tion count
rate con cern ing the de lay time fol low ing SF events.
How ever, it is worth not ing that the beta ra di a tion count
rate spe cif i cally re sponds to strong SF of class M or X,
whereas the gamma ra di a tion is af fected even by
lower-in ten sity flares of class C, as pre vi ously doc u -
mented. This dis tinc tion sug gests that emis sions of
gamma rays and beta rays orig i nate from dif fer ent ra dio -
iso topes. The gamma ra di a tion, in flu enced by a broader
range of SF in ten si ties, re flects the im pact of var i ous ra -
di a tion sources within the tho rium de cay chain.

These find ings em pha size the im por tance of dif -
fer en ti at ing be tween the re sponse char ac ter is tics of
gamma and beta emis sions, which orig i nate from dis -
tinct ra dio iso topes and ex hibit vary ing sen si tiv i ties to
SF events. Such dis tinc tions fa cil i tate a more com pre -
hen sive un der stand ing of the com plex dy nam ics be -
tween SF and the emis sions of dif fer ent types of ra di a -
tion.

CON CLU SION

This study of fers novel in sights into the re la tion -
ship be tween so lar events and ra dio ac tive de cay within
the tho rium de cay chain. By con cur rently mea sur ing
gamma and beta count rates dur ing so lar flare events,
the re search re veals a sig nif i cant im pact on the de cay
pro cess. No ta bly, the ob served tem po ral se quence, with 
beta emis sions pre ced ing gamma rays, un der scores the
pri mary role of beta emis sion in re spond ing to so lar
events. This study's use of plas tic scintillator beta de tec -
tors opens av e nues for in ves ti gat ing the broader im pli -
ca tions of so lar phe nom ena on de cay rates and neu trino
in ter ac tions, ad vanc ing our un der stand ing of the in tri -
cate in ter play be tween these fac tors. It paves the way
for fu ture re search to delve into the un der ly ing mech a -
nisms and their im pli ca tions for var i ous ra dio ac tive
sources and neu trino-re lated stud ies.
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Jel PELEG, Jicak ORAJON

UTICAJ  JAKIH  SOLARNIH  BAKQI  NA  BRZINU
BROJAWA  BETA  ZRA^EWA  TORIJUMA

Ovaj rad istra`uje uticaj solarnih bakqi na radioaktivne materijale, posebno se
fokusiraju}i na lanac raspada torijuma. Prethodna istra`ivawa pokazala su da na gama emitere
uti~u sun~eve bakqe, {to dovodi do pada brzine brojawa. U ovoj studiji, po prvi put predstavqamo
istovremena merewa gama i beta brzine brojawa iz torijumskog radioaktivnog izvora, otkrivaju}i
vi{estruke padove u stopi brojawa. Na osnovu razmatrawa vremenskog odnosa izme|u beta i gama
emisija, predla`emo da odgovor na solarne doga|aje poti~e prvenstveno od beta emisija.
Da bismo nadaqe istra`ili ovaj fenomen, koristimo plasti~ne scintilatorske beta detektore,
koji omogu}avaju ispitivawe razli~itih radioaktivnih izvora i prou~avawe interakcija
neutrona i wihovog uticaja na stope raspada. Ovaj eksperimentalni pristup nudi priliku da
pro{irimo na{e znawe o interakcijama ~estica i pru`a uvid u interakciju izme|u solarnih
bakqi, fluksa neutrona i pona{awa radioaktivnih materijala.

Kqu~ne re~i: radioaktivni raspad, torijum, gama emisija, beta emisija, merewe brzine brojawa,  
..........................plasti~ni scintilator, interakcija neutrona


