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Pre vi ous ef forts to in ves ti gate changes in the de cay con stants of ra dio ac tive nuclides dis cov -
ered that so lar flares can tem po rarily al ter ra dio ac tive de cay rates. Thus, dis cern ing whether
ex ter nal fac tors af fect ra dio ac tive de cay rates is vi tal for un der stand ing nu clear pro cesses.
This study sought to ex plore the ef fect of neu tri nos on ra dio ac tive nu clei by con struct ing a
gamma ra di a tion de tec tion sys tem that em ploys a ra dio ac tive source in front of a neu trino
emis sion sys tem. Re spond ing to cy clo tron op er a tions, each of the four de tec tion sys tems reg -
is tered gamma count rate de creases. The re sults of this study con firm that rises in neu trino
flux af fected the de cay rates of the ex am ined ra dio ac tive nuclides. Here we pro vide sig nif i cant
ev i dence that neu tri nos af fect the ra dio ac tive de cay pro cess. Neu trino de tec tion is  chal leng -
ing due to the mi nus cule ab sorp tion in a sta ble nu cleus. How ever, the study found a greater
prob a bil ity of radionuclides in ter ac tion with the neu trino.
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INTRODUCTION

Sev eral stud ies have dem on strated that so lar
flares mod ify the ra dio ac tive de cay con stant. The
change in the ra dio ac tive de cay con stant due to so lar
flares mo ti vated us to seek the or i gins of this ef fect.

Re search ers first ob served anom a lies in the de -
cay of 54Mn in 2006 [1]. The re sult ing mea sure ments
dem on strated changes in the count rate of the gamma
rays as so ci ated with the radionuclide de cay, which un -
der goes a ra dio ac tive elec tron cap ture pro cess by the
nu cleus. Such re sults of the de cay con stant changes
were coun ter-spec u lated by Pomme [2-5] but are not
rel e vant to this study. The cur rent study fo cuses on a
con trolled neu trino source, while Pommé's ar gu ments
con cern con stant de cay os cil la tions. Fur ther more, this
study is per formed with an ar ti fi cial pro duc tion of
neu tri nos and does not fo cus on so lar or cos mic
events's in flu ence. There fore, Pomme's claim does not 
ap ply here. In ra dio ac tive de cay, a sto chas tic pro cess
in an un sta ble nu cleus de ter mines a con stant prob a bil -
ity of par ti cle emis sion. Ev ery ra dio iso tope emits par -
ti cles in a unique pro cess, with a spe cific de cay con -
stant ex pressed in units of dis in te gra tions per sec ond.
The nu cleus emits en ergy and re leases nu clear ra di a -
tion, mean ing the re lease of gamma-ray ra di a tion, a

beta-mi nus par ti cle (elec tron), a beta-plus (pos i tron), a 
neu tron, an al pha par ti cle, or a neu trino or an anti-neu -
trino. In cer tain cases of nu clear de cay, the nu cleus
emits more than one par ti cle at the same time, or in a
chain of dis in te gra tion. The de cay con stant is con sid -
ered a phys i cal con stant, ac cord ing to mea sure ments
taken over the pe riod dur ing which the var i ous ra dio -
iso topes de cay [6]. The ra dio ac tive de cay con stant for
a va ri ety of iso topes ranges from 106 s–1 to 10–10 per
year. The spe cific ac tiv ity of the radionuclide is de ter -
mined by mul ti ply ing the de cay con stant by Avo ga -
dro's con stant di vided by the mo lar mass.

Cer tain stud ies have in ves ti gated whether the
de cay con stant re mains the same un der all con di tions
[7]. Jenkins' re sults con cern ing count rates of gamma
ra di a tion dem on strated a de crease over three dif fer ent
pe ri ods, with the changes oc cur ring not as a re sult of
sta tis ti cal fluc tu a tions but rather due to, among other
fac tors, pow er ful so lar flares (class X-M) [1]. Fol low -
ing this pub li ca tion, schol ars sug gested that changes in 
the ra dio ac tive de cay con stant of 54Mn re sult from a
rise in the neu trino flux orig i nat ing from the sun dur -
ing so lar flares. They dis cerned a cor re la tion be tween
the oc cur rence of a so lar flare and changes in the de cay 
rate of 54Mn. The nu clear ac tiv ity that takes place in
the sun is mea sured con stantly by GOES se ries sat el -
lites, re veal ing power changes in the X-rays that reach
an or bital path around the Earth. A so lar flare is char ac -
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ter ized by a rise in the in ten sity of the flux of el e men -
tary par ti cles, in clud ing the neu trino.

The phys i cist W. E. Pauli hy poth e sized that the
neu trino could of fer a so lu tion to the prob lem of bal -
ance of mo men tum and en ergy in beta de cay. The neu -
trino, an el e men tary par ti cle lack ing charge, is emit ted
to gether with the elec tron from the nu cleus in a pro -
cess in flu enced by the weak nu clear force field [8].
This par ti cle, a fermion with a 1/2 spin and min i mal
mass (less than 0.2 eV), was pre sumed to be mass less
[9], how ever, re cent stud ies on dif fer ent fronts have
sought to es tab lish its mass [10, 11]. As early as 1958,
Ray mond Da vis mea sured a neu trino us ing an in -
verted beta pro cess in which the neu trino was cap tured 
by a sta ble 37Cl nu cleus close to a nu clear re ac tor that
served as the source of anti-neu tri nos [12], and in
1970, Da vis es tab lished a de tec tor us ing a tank of sta -
ble chlo rine so lu tion to mea sure the neu tri nos orig i -
nat ing from the sun [13, 14].

The most re cent es ti ma tions re gard ing so lar neu -
trino flux are based on the to tal lu mi nos ity of the sun
[15]. The es ti mated neu trino flux is dis trib uted vs. the
neu trino en ergy, hence, the es ti mated flux strongly
var ies de pend ing on the nu clear re ac tion that oc curs.
The pro ton-pro ton (pp) re ac tion in the sun emits
low-en ergy neu tri nos with flux ~1010 cm–2 s–1, and the
car bon-ni tro gen-ox y gen (CNO) re ac tion emits flux
~108 cm–2 s–1, re sult ing in higher en ergy neu tri nos
[16]. How ever, the ex per i men tal neu trino flux mea -
sure ment is in the or der of flux ~106  cm–2 s–1 [14], and
the CNO re ac tion emits flux ~104 cm–2 s–1.

Re cently, schol ars have con ducted fur ther in ten -
sive stud ies re gard ing neu trino mea sure ments us ing
dif fer ent de tec tors [17-23], and it is ex pected that stud -
ies will achieve flux val ues with greater con fi dence.

Our pre vi ous mea sure ments ex am ined the
gamma-ray count rate sta bil ity of sev eral ra dio ac tive
sources over a cer tain pe riod [24, 25]. We con structed
a mea sure ment sys tem con sist ing of a de tec tor
shielded by 5 cm thick lead that iso lated the de tec tor
from back ground ra di a tion. The lab o ra tory tem per a -
ture was con trolled to en sure that count rate changes
did not re sult from en vi ron men tal con di tions. In Oc to -
ber 2018, sev eral so lar flares took place. Dur ing these
so lar flares, we mea sured the count rate of gamma rays 
from a ra dio ac tive source, 241Am. Three de creases in
the read ings were mea sured at first, and we found that
these fit with the oc cur rence of the so lar flares [24]. In
the fol low ing months, fur ther so lar flares oc curred, re -
sult ing in de creases that our count ing sys tem reg is -
tered. Fol low ing these re sults in the mea sure ment of
gamma-ray emis sion from an 241Am source, we es tab -
lished fur ther sys tems to mea sure gamma ra di a tion
from an 222Rn source [26], as well as 54Mn and 57Co
sources [25]. Sev eral so lar flares took place, and in ac -
cor dance we de tected de creases in the count rates of
gamma ra di a tion of 222Rn, 54Mn, and 57Co sources.
The ef fect of so lar flares on the count rate of tho rium

beta ra di a tion was ob served uti liz ing a plas tic
scintillator as well [27]. Based on the iso la tion of the
sys tem, the only re main ing pos si ble ex pla na tion for
these de creases is a neu trino pen e trat ing the sys tem.
Con sid er ing these mea sure ments, we sug gest that the
source of the de crease in count rate is the rise in neu -
trino flux dur ing so lar flares.

To ex am ine this hy poth e sis, we de cided to test a
source that is li a ble to emit neu tri nos in a con trolled
man ner, sim i lar to Da vis' method [28, 29]. We chose to 
place the gamma rays mea sure ment sys tem in front of
an 18 MeV med i cal pro ton cy clo tron.

MATERIALS AND METHODS

Gamma radiation measurements

Two main meth ods are used to de tect gamma ra -
di a tion: crys tal scin til la tion that emits light in re sponse 
to the ra di a tion, and a solid-state di ode that pro duces
elec tron-holes when ex posed to ra di a tion. Cur rently,
most de tec tors are avail able with mounted elec tron ics, 
an a lyzer hard ware, and op er at ing soft ware.

The gamma ra di a tion flux or in ten sity is at ten u -
ated in me dia due to the me dium-spe cific den sity and
thick ness, de pend ing on the pho ton's en ergy, as fol -
lows
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where x is the thick ness, r – the den sity, and m/r – the
mass at ten u a tion co ef fi cient (de pend ing on pho ton en -
ergy).

The at ten u a tion co ef fi cient is af fected by pho ton
ab sorp tion or scat ter ing. The eq. (1) is lim ited to one
di men sion, while in re al ity, the at ten u a tion pro cess oc -
curs in 3-D ge om e try. Also, as in any other type of ra -
di a tion, the flux de creases due to the law of the in verse
square dis tance.

In mat ter, any pho ton ab sorp tion ends with a rise
in the atomic elec tron's ki netic en ergy. The photo-
elec tric ef fect in the atom is re spon si ble for pho ton ab -
sorp tion with atomic elec tron re lease (ion iza tion).
Compton scat ter ing is an other pro cess via which pho -
tons in ter act with elec trons (free or bonded). A por tion
of the ini tial en ergy is trans ferred to the scat tered elec -
tron, and an out go ing pho ton moves in a dif fer ent di -
rec tion. Pair-pro duc tion is a pro cess whereby there is a 
prob a bil ity that pho tons at above twice the elec -
tron-rest-mass en ergy pro duce pairs of elec tron-pos i -
tron, which will carry ki netic en ergy. The oc cur rence
of pair-pro duc tion ter mi nates the pho ton travel. Pho -
ton elas tic scat ter ing (Ray leigh scat ter ing) by at oms is
un likely to oc cur in gamma ra di a tion and di min ishes
as pho ton en ergy in creases.

Pho tons can be pro duced as sec ond ary ra di a tion in
sev eral cases: atomic level X-ray emis sion, charge-par ti -
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cles brems strah lung, syn chro tron ra di a tion, and
Cherenkov ra di a tion. Pho tons may be pro duced in the
de tec tor's sur round ings, and there fore they can also be
de tected.

Scintillators

Scin til la tors are mostly solid or liq uid, mak ing
them much more ef fi cient in de tect ing gamma ra di a -
tion than ion iza tion gas de tec tors. Scin til la tors can be
used for spec trom e try. The scin til la tion pro cess con -
sists of light out put from elec tron en ergy de po si tion in
mat ter. The scintillator is trans par ent in light, and
there fore a light sen sor, such as a photocathode, col -
lects the light to pro duce and trans fer a cur rent pulse
through out a photomultiplier.

The avail able scin til la tion ma te ri als are not
ideal. The ideal scin til la tion prop er ties for ra di a tion
de tec tion are ef fi cient charge par ti cle ki netic en ergy
con ver sion to light, the light out put should be pro por -
tional to the de pos ited en ergy, short lu mi nes cence de -
cay time to pro duce fast pulses, high op ti cal qual ity en -
abling the us age of large de tec tors, trans par ency to the
emit ted light, and an in dex of re frac tion sim i lar to
glass to al low cou pling to a sen sor [30, 31].

The light out put of a scintillator di rectly de pends 
on the ef fi ciency re lated to the en ergy con ver sion from 
ra di a tion into light pho tons. A frac tion of the emit ted
light can be lost due to im per fec tions in the crys tal's
trans par ency and due to re frac tion. The frac tion of the
light pass ing through in good scin til la tors var ies from
1/20 to 1/40. The over all ef fi ciency is the av er age ion -
iz ing par ti cle en ergy loss for each pho to elec tron eject -
ing the cath ode of the photomultiplier. In the
photomultiplier, the amount of light trans lates lin early
to charge. The num ber of elec trons emit ted from the
photocathode is lin early de pend ent on gamma-ray en -
ergy, ab sorbed en ergy frac tion in the scintillator, ef fi -
ciency of trans fer en ergy to light, trans par ency to light, 
cath ode field of view, and sen si tiv ity to light wave -
length. A frac tion of elec trons is col lected by the
dynodes in the photomultiplier. The out come charge
sig nal height de pends on the num ber of elec trons and
the photomultiplier mul ti pli ca tion.

In gen eral, photomultiplier tubes are de vices that 
have a win dow in which a photocathode is mounted.
Be hind the photocathode is a col lec tion op tics area
that leads elec trons to ward a se ries of dynodes to mul -
ti ply the cur rent pulse, end ing at the an ode. The tube is
in a vac uum, and it is pro tected from mag netic fields.
The range of photomultiplier types and ma te ri als is ex -
tremely vast, de pend ing on the de sired re sponse. The
over all sche matic di a gram of the elec tronic con nec -
tion to the de tec tor is pre sented in fig. 1.

Proton cyclotron

To con duct a con trolled ex am i na tion of the ef -
fects of neu tri nos on ra dio ac tive ma te ri als, a neu trino
is pro duced us ing a cy clo tron (pro ton ac cel er a tor).

A ba sic cy clo tron con tains a uni form mag netic
field per pen dic u lar to a vac u umed lat tice in the shape of a 
disk di vided into two equal sec tions (shaped as the let ter
D). The mag netic field causes the charged par ti cles to
move in a cir cu lar mo tion as a re sult of the Lo rentz force.
The ac cel er a tion is in duced by a syn chro nized elec tric
field in the gap be tween the two half-cir cle sec tions when 
the par ti cle passes through the gap. The par ti cle's ra dius
of ro ta tion in creases as a re sult of the ac cel er a tion, hence
mak ing the par ti cle tra jec tory spi ral in shape [32]. Cy clo -
trons for pro ton ac cel er a tion were de vel oped over the
course of de cades for use in nu clear re search, and the
pro ton's fi nal ki netic en ergy was grad u ally raised [33,
34]. The ba sic struc ture of cy clo trons has also evolved
[35]. A med i cal ap pli ca tion of the pro ton cy clo tron was
de vel oped for the pro duc tion of ra dio ac tive agents to be
used for im ag ing, such as the pro duc tion of ra dio ac tive
flu o rine (18F) for use in pos i tron emis sion to mog ra phy
(PET CT).

The cy clo tron can be fit ted with up to 8 tar gets
for pro duc ing the most com mon PET ra dio iso topes.

8
18

9
18O p F n+ ® + (2)

9
18

8
18F O e® + ++b n (3)

The IBA cy clo trons are op er ated with a cur rent of
pro tons that can reach up to 300 µA for pro tons at 18
MeV. The mea sure ment setup is il lus trated in fig. 2.
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Fig ure 1. Sche matic di a -
gram of a scintillator for
gamma ra di a tion spec trom -
e try; the elec tronic de vices
are tiny and can be mounted 
on the PMT end



Neutron emission from the cyclotron

Pro tons hit the tar get and sub se quently, neu trons
are emit ted. We closely po si tioned a KCl pow der-based
de tec tor by the cy clo tron walls. In the KCl, a fast neu -
tron in ter acts with chlo rine and emits gamma ra di a tion
into a NaI(Tl) scintillator [36, 37].

We per formed two mea sure ments in sep a rate po -
si tions, one by the 222Rn sys tem and the other by the
KCl de tec tor sys tem. The KCl sys tem im me di ately re -
sponded to out go ing neu trons dur ing the cy clo tron op -
er a tion, as shown in fig. 3, in the lower graph. The up -
per graph in fig. 3 pres ents the 222Rn count rate data vs.
time. Fig ure 3 dem on strates that the 222Rn de crease
be gan around nine hours af ter the neu tron emis sion.
The whole de crease took about six hours due to a long
cy clo tron op er a tion in ter val. A com par i son of the two
graphs in di cates that cy clo tron op er a tion af fected the
222Rn count rate.

Activation

In a med i cal cy clo tron, radionuclides are pro -
duced in the tar get and in sur round ing struc tural ma te -
ri als. The radionuclides pro duced un dergo beta(+)
emis sion or elec tron cap ture (EC) pro cess. There fore,
in both cases, a neu trino is emit ted along with the pro -
cess. Ta ble 1 pres ents the the o ret i cal pro duc tion of
these radionuclides with their yields per cy clo tron cur -
rent per hour, and T1/2, from refs. [38-41].

Two cy clo trons were op er ated at the same time:
Cy clo tron-I at a dis tance of 25 m from the mea sure -
ment sys tem with 5.94 GBq (µAh–1), and Cy clo tron-II 
at a dis tance of 40 m from the mea sure ment sys tem
with 6.21 GBq (µAh–1), as il lus trated in fig. 2. Cy clo -
tron-I op er ated with cur rents up to 60 µA, and Cy clo -
tron-II op er ated with cur rents around 75 µA, and dual
cy clo tron op er a tions of two hours on av er age led to
de creases.
Cy clo tron-I:

Pro tons flux at ac ti va tion port Fp

F
m

mp = × = = × -594 2 60 713 713 1011 1. .
CBq

Ah
h A GBq s

(4)

Dis tance di lu tion d

d
r

= = × - -1
16 10

2

7 2. cm (5)

The 18F pro duc tion (P18F): 223 GBq (mea sured)

J. Walg, et al., De cay Rate Changes in Ra dio ac tive Gamma Emis sion as ...
4 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 1, pp. 1-11

Fig ure 2. Sche matic il lus tra tion 
of a ra di a tion de tec tion sys tem
with cy clo trons (di men sions
not to scale)

Fig ure 3. The KCl de tec tor sys tem count rate re sponse to
fast neu trons from the cy clo tron (line be low); and the
de crease in 222Rn count rates fol low ing the cy clo tron
op er a tion

Table 1. Theoretical radionuclide production in medical
cyclotron based on previous studies [38-41]

Radionuclide T1/2 Emax [keV] Thick target yield
[MBq(µAh–1)]

18F 109.6 min 635 2960
63Zn [39] 38.3 min 2344 2470 [40]

65Zn 245 d 330 0.2 [41]
11C 20.4 min 960 3820
13N 10 min 1190 4440
15O 122 s 1720 2220



Neu trino from 18F Fu18F

Fu18 18 223 10
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Neu trino from 13N pro duc tion Fn13N

Fn13N
~ 5.4×104 cm–2s–1 (7)

Led to neu trino from CNO cy cle with FnCNO
 

Fn
CNO

~ 3 × Fn13N
= 3 × 5.4 × 104 cm–2s–1 =

= 1.6 × 105 cm–2s–1 (8)

Neu trino at mea sure ment point Fn
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Cy clo tron-II:
Pro tons flux at ac ti va tion port Fp
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The 18F pro duc tion (P
18F

): 230 GBq (mea sured)
Neu trino from 18F Fn18F
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Neu trino from 13N pro duc tion Fn13N

Fn13N
~ 2.2 × 104 cm–2s–1 (13)

led to neu trino from CNO cy cle with FnCNO
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~ 3 × Fn13N
= 6.25 × 104 cm–2s–1 (14)

Neu trino at mea sure ment point Fn
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CNO
~ 8 × 104 cm–2s–1 (15)

To tal neu trino at mea sure ment point F(to tal)n
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Dur ing the 15-min ute mea sure ment, the sys tem
was pen e trated by to tal neu tri nos (nto tal)
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n total ~ .25 108×

Even more, flux can be pro duced by other low-
abun dance struc tural ma te ri als, such as Zn.

The to tal neu trino at the mea sure ment point is in a
sim i lar or der of mag ni tude to typ i cal so lar neu trino flux.

RESULTS

Four mea sure ment sys tems us ing 241Am, 222Rn,
Tho rium, and 57Co tracked al ter ations in the count rate
re sult ing from changes in neu trino flux emit ted by two
cy clo trons. Each mea sure ment sys tem con sists of a
5.08 cm di am e ter and 5.08 cm length NaI(Tl) de tec tor
fac ing a ra dio ac tive source that tracks to tal counts at
de fined time in ter vals. The NaI(Tl) de tec tor was op er -
ated in a to tal count ing mode above 40 keV. The back -
ground gamma counts were ~130 cpm (counts per
min ute). 

Neu trino flux is emit ted from the two cy clo trons, 
which are lo cated at around 20 m and around 40 m
from the mea sure ment sys tem, as shown in fig. 2. The
re sults were ob tained fol low ing the op er a tion of two
cy clo trons.

The 241Am system

The 241Am source, with ac tiv ity of around 37 kBq,
yielded the fol low ing sys tem mea sure ment re sults.

Af ter nine dual op er a tions of the two cy clo trons,
the 241Am sys tem showed nine sep a rate count rate de -
creases. The counts were col lected at in ter vals of 60
min utes by the de tec tor. Ta ble 3 in the Sup ple men tary
in for ma tion sum ma rizes the re sults for all nine de -
creases in the count rate (dips) of 241Am counts. Fig ure 
4 pro vides an ex am ple of a sharp dip in 241Am counts
due to the neu tri nos emit ted by the cy clo trons.

To ver ify sig nal detectability and the re li abil ity
of the 241Am re sults. To as cer tain sig nal detectability
for these mea sure ments, we fol lowed the method of
lim its of detectability as de scribed by Knoll in the
book Ra di a tion De tec tion and Mea sure ment (Chap ter
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Fig ure 4. The 241Am gamma ra di a tion counts per hour,
re sults in/from thir teen days af ter cy clo tron op er a tions.
The ar row in di cates the 241 Am dip due to neu tri nos
emit ted from the cy clo trons



3, Sec tion VI) [30]. Knoll's de scrip tion ex plains how
to de tect real ac tiv ity above the back ground. How ever, 
in our case, we need to in spect the de crease in the
count rate (sig nal) be low the mean count rate. Fol low -
ing Knoll's method, we im ple mented the 'lim -
its-of-detectability' ap proach: There is a 95 % prob a -
bil ity that a ran dom sam ple will lie be low the mean
plus 1.645s [30].  Dips critical level (LC) was cal cu -
lated us ing the neigh bor ing counts av er age. Sub se -
quently, dip counts were com pared to the LC. Once the 
pre sented dip counts were be low the LC value, it was
clear that a re li able sig nal was de tected and thus could
be ac cepted as a valid re sult. Sta tis ti cal sig nif i cance
cal cu la tions were per formed and are shown in eqs.
(18)-(23) in the Sup ple men tary in for ma tion sec tion.

Ac cord ing to the cal cu la tions, if a change is
greater than |"0.11"| %, the sig nal ex ceeds the crit i cal
level, and it is a re li able re sult. Rep e ti tion and uni for -
mity are ev i dent in all nine dips the per cent age of de -
crease in the read ing is higher than 0.11 %. There fore,
all nine dips are con sid ered sta tis ti cally sig nif i cant.
Ad di tion ally, the range of num bers of   from the av er -
age counts for all 9 dips was cal cu lated, Sup ple men -
tary in for ma tion eq. (23), as shown in tab. 2.

The 222 Rn system

Thir teen dips in 222Rn count rates were ob -
served, re spond ing to dual cy clo tron op er a tions. The
100 kBq 222Rn ac tiv ity (and its prog eny) was con tin u -
ously pro duced by a 226Ra-226 source placed in a
freezer at – 40 Cel sius de grees. The data was col lected
from the NaI(Tl) de tec tor at 15 min ute in ter vals. The
dip re sults are sum ma rized in tab. 4 in the Sup ple men -
tary in for ma tion. Fig ure 5 shows two ex am ples of
changes in 222Rn count rates.

Sta tis ti cal sig nif i cance cal cu la tions were per -
formed us ing the lim its-of-detectability method, as de -
scribed in the Sup ple men tary in for ma tion (eqs. 18-23,
us ing the data ob tained from 222Rn re sults).  A per cent age 
of LC (%LC) was cal cu lated and found to be 0.41 %. 

Ac cord ingly, when the change in the count rate
is greater than |"0.41" | %, the dip is con sid ered valid.

Rep e ti tion and uni for mity are ev i dent in all reg -
is tered dips the per cent age of de crease in read ings is
higher than 0.41 %. There fore, all dips pre sented in
tab. 4 are con sid ered sta tis ti cally sig nif i cant. The
range num ber of of the dips from the av er age counts
for 222Rn re sults is sum ma rized in tab. 2.

Thorium system

Six op er a tions of the cy clo trons caused six de -
creases in the gamma count rate of the sys tem. Tho -
rium, in the form of Th(NO3)4, is a nat u rally oc cur ring
ra dio ac tive  ma te rial (with  its  prog eny) with about
500 kBq. Fig ure 6 shows an ex am ple of a de crease in
counts due to cy clo tron op er a tion. Si mul ta neously, we 
per formed sim i lar mea sure ments us ing a sim i lar tho -
rium source and a sim i lar de tec tor at a lab o ra tory lo -
cated more than 50 km away from a cy clo tron (hence -
forth called the con trol lab). The mea sure ments
yielded by the two sys tems, one near a cy clo tron and
one far from it, are pre sented in the Sup ple men tary in -
for ma tion, fig. 8, and in di cate that the dip oc curred
only in the sys tem near the cy clo tron. This com par i son 
con firms that the de tected dip orig i nated solely from
the cy clo tron op er a tion. Tho rium re sults are pre sented
in tab. 5 in the Sup ple men tary in for ma tion.

Sta tis ti cal cal cu la tions con cern ing the tho rium
re sults were per formed us ing the same equa tions ap -
plied to 241Am (eqs. (18)-(23) in the Sup ple men tary
in for ma tion). The per cent age of LC (%LC) was found
to be 0.14 %. Rep e ti tion and uni for mity are ev i dent in
all reg is tered dips the per cent age of de crease in the
read ing is higher than 0.14 %. There fore, all dips pre -
sented in tab. 5 are con sid ered sta tis ti cally sig nif i cant.
The range of the num ber of   from the av er age counts
for the Tho rium dips is sum ma rized in tab. 2.

The 57Co system

Twelve de creases in 57Co counts were de tected
fol low ing twelve op er a tions of the cy clo trons, as
listed in tab. 6 in the Sup ple men tary in for ma tion. Fig -
ure 7 pres ents one ex am ple of the 57Co re sponse to
neu tri nos emit ted from cy clo tron op er a tion.
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Fig ure 5. The 222Rn count rate changes re sult ing from the
op er a tion of two dif fer ent cy clo trons; the two ar rows
in di cate the dips in 222Rn due to neu tri nos emit ted from
the cy clo trons; the left ar row de notes a dip af ter 11.5
hours, and the right ar row de notes a dip 19.25 hours 
af ter op er a tion time

Fig ure 6. Counts per 15 min utes mea sure ments for
tho rium. A de crease in count rate oc curred on 17 
Feb ru ary 2020 (marked with ar row) due to
changes in the neu trino flux emit ted by the op er a tion
of cy clo trons on 11 Feb ru ary



The mea sure ments for 57Co counts dem on strate
a down ward trend since the source de cays rel a tively
rap idly due to its half-life of 272 days. The cal cu la tion
of stan dard de vi a tion is based on av er ag ing 200 data
points (~2 days mea sured points), where the trend is
less sig nif i cant. Data points were av er aged on both
sides around the count de crease that oc curred in
06-Aug-2020, as shown in fig. 7, the av er age counts of 
both sides are re quired to re duce reg u lar fluc tu a tions
from read ings [30]. Cal cu la tions for 57Co ob tained a
%LC of 0.32 % and % s of 0.137 %. There fore, we ob -
tained de creases rang ing from 6.7                           s  to 11.6 s  from the
trend line. Rep e ti tion and uni for mity are ev i dent in all
twelve dips-the per cent age of de crease in read ings is
higher than 0.32 %. Hence, all twelve dips are con sid -
ered sta tis ti cally sig nif i cant.

Ta ble 2 sum ma rizes all the sta tis ti cal con sid er -
ations for the re sults of each ra di a tion sys tem.

DISCUSSION

The pos si ble ar gu ment that the mea sured count
de creases are fluc tu a tions re sult ing from the de tec tor's 
in sta bil ity was ruled out by con duct ing an iden ti cal ex -
per i ment us ing a 3" ́  3" NaI(Tl) de tec tor con nected to
a multi-chan nel an a lyzer fac ing a source (e. g., tho -
rium). The peaks of the en ergy lines ob tained were sta -
ble, no spec tral shifts were ob served, and the mea -
sured peaks matched the char ac ter is tic spec trum of the 
ra dio ac tive nu cleus [41].

The 222Rn (and prog eny) and tho rium (and prog -
eny) were used in our mea sure ment sys tems; both these
sources have de cay chains that con sist of al pha and
beta(–) emis sions. The sys tem of these ex per i ments de -

tects the gamma ra di a tion from the over all de cay chain
emis sion. There fore, at this stage, we could not dis tin -
guish which emis sion was sup pressed. How ever, since
234Th/230Th de cay to ward 222Rn, which was mea sured
with a dif fer ence de lay com pared to the in di cated de -
crease mea sured in the tho rium sys tem, we can as sume
that the mea sured dips in the tho rium sys tem are from the
gamma ra di a tion of the 232Th chain.

The 241Am de cays to 237Np, which is a long
half-life iso tope. There fore, in the 241Am spec trum
(above 40 keV), our sys tem can only de tect the 60 keV
of 241Am. Thus, our find ing cor re sponds only to the
241Am dis in te gra tion.

The 57Co de cays to sta ble 57Fe, and our sys tem
can only de tect its gamma ra di a tion emis sion. There -
fore, our re sults in di cated only the 57Co de cay de -
crease.

The re sults for the four ra dio iso topes in di cate
that gamma ra di a tion count rates were sup pressed. In
two ra dio iso topes, the de crease is di rect via the prime
de cay, while in the case of the two other ra dio iso topes,
the de crease can be re lated to other de cays along the
de cay chain, in al pha or betta emis sions.

From the range of   for each source, we found that
57Co and tho rium sys tems ex hib ited a much more sig nif i -
cant re sponse to the change in cy clo tron neu trino flux.

In all the re sults, the cal cu lated   for the count de -
creases was higher than the fluc tu a tion range (above the
cal cu lated Lc (26), as pre sented in tab. 2); there fore, the
ob served de creases can be con sid ered re li able re sults.

CONCLUSIONS

Sev eral stud ies of ra dio ac tive nu clei have in di -
cated that so lar flares mod ify the ra dio ac tive de cay
con stant. Yet, there was doubt re gard ing what fac tor in 
the so lar flares af fected the change in ra dio ac tive de -
cay con stant.

Pro ton cy clo trons pro duce sev eral types of

radionuclides that emit neu tri nos along with their de cay,

with a rel a tively high rate dur ing a short pe riod, around

one hour or less. There fore, the cy clo tron pro vides a con -

trolled and pre dicted neu trino source. Since the mea sure -

ment sys tem was placed close to the cy clo trons, only

elec tron-neu tri nos cer tainly reached the sys tem.
In this study, rep e ti tions were con ducted for each

mea sure ment sys tem to as sure the va lid ity of the re sults,
and the at tri bu tion of the ob served ef fect. Based on this
study, we con clude that de creases in the de cay rates for
all the ra dio ac tive sources mea sured are due to an in -
crease in the neu trino flux that pen e trated the nu cleus.

It is well known that neu trino de tec tion is usu ally 
a very in tri cate task in volv ing large sta ble mat ter de -
tec tors. How ever, in this study, the neu trino in ter acted
with an un sta ble nu cleus that could re veal dif fer ent
types of phys i cal de tec tion pro cesses. The ra dio ac tive
nu cleus dif fers from a sta ble nu cleus in that it has a nu -
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Fig ure 7. A dip, marked with ar row, in the mea sured
counts (per 15 min utes) of 57Co caused by cy clo tron
op er a tion on 29 July 2020

Table 2. Range of the dips counts change measured by
each radiation system, and the overall results' statistical
significance

Source Change [%] s [%]
Range of dip distance

from mean s
241Am (–0.21)-(–0.38) 0.049 4.3-7.7
222Rn (–0.48)-(–1.3) 0.176 2.7-7.4

Thorium (–0.97)-(–1.07) 0.060 16.2-17.8
57Co (–0.95)-(–1.63) 0.137 6.7-11.6



cleon oc cu py ing the oc cu pied in higher en ergy lev els.
We as sume that in the case of a ra dio ac tive nu cleus, a
neu trino could be cap tured in the nu cleus shell struc -
ture, and this may ex plain the count rate al ter ation.
This phe nom e non in di cates that fur ther mod el ing of
nu clear pro cesses should be con sid ered in the case of
un sta ble nu clei in which a neu trino may be in cluded in
the in ter nal nu cleon struc ture.

The ob tained count de creases could be ex -
plained by mag netic neu trino in ter ac tions with the nu -
cleus spin, which in turn in flu ence the mo men tum se -
lec tion rules of the gamma emis sion multipolarity,
slow ing down the ra dio ac tive nu cleus de cay rate and
the emis sion of gamma ra di a tion. 

This study pres ents find ings re gard ing the ini tial
ef fect of the neu trino on ra dio ac tive nu clei. There fore,
the the o ret i cal as pects and mech a nism of the pro cess
have yet to be in ves ti gated.

SUPPLEMENTARY INFORMATION

To as cer tain sig nal detectability for the mea sure -
ments re ported in the re sults and dis cus sion sec tion,
we im ple mented the method of lim its-of-detectability
as de scribed in the book Ra di a tion De tec tion and
Mea sure ment (chap ter 3 sec tion VI) [30]. Sta tis ti cal
cal cu la tions were done on 200 sig nals mea sured be -
fore or af ter the oc cur rence of a dip. First, the av er age
of the sig nal was cal cu lated (Mean) and the stan dard
de vi a tion s. Then, the im ple men ta tion of Knoll's lim -
its-of-detectability method was used to eval u ate
whether the dip was real. An ex am ple of sta tis ti cal cal -
cu la tions for the dip in 241Am re sults from 06-Feb-
2019 (fig. 4), where the counts were 3679900, the
mean value is 3692067.74, and s is 1795.51, is shown
be low

LC = × = × =2326 2326 179551 4176359. . . .s (18)

Mean - = - =LC 369206774 4176359 368789138. . .
(19)
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LC

= -
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÷× =1 100 011
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Ac cord ing to this cal cu la tion, if a change is
greater than |0.11 | %, the sig nal ex ceeds the crit i cal
level, and it is a re li able re sult.

Ad di tion ally, the dis tance of a dip from the av er -
age counts, in severa s, was cal cu lated by di vid ing the
per cent age of the de crease of the count rate (% dip) by
the per cent age of s (% s).
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From these cal cu la tions, a sig nal of 7.7 times  
was ob tained. The same method was used to cal cu late
the num ber of s for all 9 dips mea sured in the  Am sys -
tem, and the re sults ranged be tween: 4.3 and 7.7. This
cal cu la tion method was per formed on all four mea -
sure ment sys tems, and the ranges were sum ma rized,
tabs. 3-6. 

To con firm our prem ise, that neu trino flux af -
fects ra dio ac tive de cay, si mul ta neous mea sure ments
of a sim i lar tho rium source were con ducted in the sep -
a rate con trol lab o ra tory, lo cated more than 50 ki lo me -
ters from any cy clo tron ac cel er a tor. Fig ure 8 dem on -
strates the dif fer ences in the mea sure ments be tween
the two lab o ra to ries. The neu trino flux emit ted from
the cy clo tron is the cause of the dip in the mea sure -
ments of the ra dio ac tive tho rium source.
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Table 3. Dual cyclotron operations summary and the
corresponding 241Am system responses

Date of cyclotron
operation

Date of
sharp dip Delay [d] Count

decrease [%]

24-Jan-2019 06-Feb-2019 13 –0.38

06- Feb-2019 19- Feb-2019 13 –0.27

19 Feb-2019 04-Mar-2019 13 –0.24

04-Mar-2019 17-Mar-2019 13 –0.28

18-Mar-2019 29-Mar-2019 11 –0.29

28-Mar-2019 12-Apr-2019 12 –0.30

15-Apr-2019 26-Apr-2019 11 –0.21

29-Apr-2019 12-May-2019 13 0.22

14-May-2019 28-May-2019 15 –0.26

Table 4. Summary of all cyclotron operations and
222Rn system responses

Cyclotron
operation time Sharp dip time Delay [h] Count

decrease [%]

01-Aug-2019
08:20

01-Aug-2019
13:00 05:30 –0.53

06-Aug-2019
14:00

07-Aug-2019
01:30 11:30 –0.77

08-Aug-2019
04:00

08-Aug-2019
23:15 19:15 –1.30

25-Sept-2019
07:15

25-Sept-2019
23:15 16:00 –1.15

18-Nov-2019
10:00

18-Nov-2019
23:15 13:15 –1.13

19-Nov-2019
08:00

19-Nov-2019
20:00 12:00 –0.48

21-Nov-2019
02:00

21-Nov-2019
13:30 11:30 –0.71

21-Nov-2019
11:30

21-Nov-2019
23:45 12:15 –0.62

26-Nov-2019
16:45

27-Nov-2019
07:15 14:30 –0.74

16-Dec-2019
10:00

16-Dec-2019
22:15 12:15 –0.70

24-Dec-2019
14:30

25-Dec-2019
23:15 8:45 –1.03

26-Jan-2020
11:00

26-Jan-2020
23:15 12:15 –1.08
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Xonatan VALG, Xon FELDMAN, Jicak ORAJON

PROMENE  BRZINE  RASPADA  U  RADIOAKTIVNOJ  GAMA  EMISIJI
POD  UTICAJEM  PROTONSKOG  18  MeV  CIKLOTRONA

Prethodni napori da se istra`e promene u konstantama raspada radioaktivnih nuklida
otkrili su da sun~eve bakqe mogu privremeno da promene brzine radioaktivnog raspada. Stoga je
uvi|awe da li spoqni faktori uti~u na brzine radioaktivnog raspada od vitalnog zna~aja za
razumevawe nuklearnih procesa. Ova studija nastojala je da istra`i efekat neutrina na
radioaktivna jezgra konstruisawem sistema za detekciju gama zra~ewa koji koristi radioaktivni
izvor ispred sistema emisije neutrina. Odgovaraju}i na operacije ciklotrona, svaki od ~etiri
detekciona sistema registrovao je da se brzina odbroja gama smawuje. Rezultati ove studije
potvr|uju da je porast fluksa neutrina uticao na brzine raspada ispitivanih radioaktivnih
nuklida. Ovde pru`amo zna~ajne dokaze da neutrini uti~u na proces radioaktivnog raspada.
Detekcija neutrina je izazovna zbog male apsorpcije u stabilnom jezgru. Me|utim, studija je
otkrila ve}u verovatno}u interakcije radionuklida sa neutrinom.

Kqu~ne re~i: ciklotron, radioaktivnost, neu trino, gama zra~ewe


