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Changes in ra dio ac tive de cay rates due to so lar flares have at tracted in creas ing sci en tific at ten -
tion in re cent de cades. In pre vi ous stud ies we dem on strated that so lar flares cause changes in
the de cay rate of 241Am, 222Rn, and 232Th. The change in the count rate of 54Mn due to so lar
flares, as ob served by schol ars at Purdue Uni ver sity in 2006, en cour aged us to re peat the mea -
sure ments. In ad di tion, we mea sured gamma ra di a tion count rates of 57Co that un der goes
elec tron cap ture, as in 54Mn de cay. Our new mea sure ments in di cate that there is a de lay of
about five days be tween the so lar flare oc cur rence and the de crease in 54Mn count rates. Also,
we con clude that in the 54Mn study of 2006 there was a de lay be tween the so lar flares and the
re sult ing count rate dips. With re gard to the 57Co count ing sys tem, we mea sured about a
seven-day de lay be tween the oc cur rence of so lar flares and the count rate dips. We con clude
that 54Mn and 57Co in ter act with neu tri nos that orig i nate dur ing so lar flares.
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IN TRO DUC TION

The ra dio ac tive 54Mn iso tope is an elec tron-cap -
ture de cay nu cleus with a 312-day half-life [1]. Ac -
cord ing to Jenkins and Fischbach, the so lar flares that
oc curred in De cem ber 2006 were among the rea sons
for the change in the de cay rate of 54Mn [2]. In deed,
they pro posed that the de cay rate of 54Mn may de -
crease dur ing so lar flares. 

Pommé [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 ad di tion, a study by Parkhomov con cern ing ra -
dio ac tive de cay rates pre sented fur ther ex am ples sim i lar
to Jenkins and Fischbach's work [2]. Parkhomov con -
ducted ex per i ments in volv ing beta sources, claim ing that 
the sources re sponded to cos mic neu tri nos [5].

Pa pers pre vi ously pub lished by our re search
group [6-8] dem on strated de creases in count rates,
sup port ing the pos si bil ity that changes in the neu trino

flux dur ing so lar flares af fect de cay rates. The find ings 
were ob tained us ing sev eral ra dio ac tive ma te ri als.
Dur ing so lar flares, par ti cle emis sion from the Sun
rises by sev eral or ders of mag ni tude and many types of 
par ti cles are emit ted to wards the Earth. Most of the ra -
di a tion stops at the ion o sphere, ex cept neu tri nos,
which can reach the Earth. When so lar flares oc cur, the 
neu trino flux in creases by three to four or ders of mag -
ni tude due to nu clear re ac tions [9]. The count rate of
241Am gamma-ra di a tion was af fected 14 days af ter the
so lar flare oc cur rence, in di cat ing a de crease in count
rates of ~1 % [6]. For 222Rn, we ob tained a re sponse in
the count rate ~12 hours fol low ing the so lar flare, with
a de crease of around 0.5 % [7]. In the case of tho rium
(nat.), the count rate de creased 9 days af ter the so lar
flare by ~1.1 % [8].

We planned to re peat the ex per i ment with 54Mn
to com plete the re sults pub lished by Jenkins and
Fischbach [2].

METH ODS

We in te grated two sep a rate mea sure ment sys -
tems, each for a ra dio ac tive source. The count ing sys -
tems are lo cated in a lab that is per ma nently locked to
avoid any ex ter nal in flu ence and en vi ron men tally
con trolled in terms of tem per a ture and clean air-flow,
re duc ing de tec tor ef fi ciency de pend ence. The sys tem
is shielded by 5 cm thick lead bricks, as shown in fig. 1.
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For 54Mn we used a spec trom e try sys tem con tain -
ing a 3" ́  3" NaI(Tl) gamma-ra di a tion de tec tor at tached
to a multi-chan nel-an a lyzer (MCA) scintiSPEC (FLIR
Sys tems, Inc.). The MCA was con nected to a com puter
to con trol the sys tem, ob tain ing spec tral out put ev ery 15
min utes. The de tec tor was placed in front of the 54Mn
source (103 kBq ac tiv ity at on 1-Feb-2021).

For 57Co we used a NaI(Tl) gamma-ra di a tion de -
tec tor sys tem (PM-11 man u fac tured by Rotem Inc.) for
to tal count ing mea sure ments, as de scribed in our pre vi -
ous pub li ca tions [6, 7]. The de tec tor was placed in front
of the 57Co source (370 MBq ac tiv ity on 22-Sep-2011). 

54Mn de cay emits gamma-rays of 835 keV
(half-life is 312 days), and 57Co emits gamma-rays of
122 keV (half-life is 272 days). Both ra dio ac tive de -
cays be gin with elec tron cap ture.

The in for ma tion about the oc cur rence of the so -
lar flares was ob tained from the GOES sat el lite [10].
So lar flares are clas si fied by la bels A, B, C, M, or X ac -
cord ing to peak flux mag ni tude, where class A, the
low est X-ray flux, is less than 10–7 Wm–2, X is above
10–4 Wm–2.

RE SULTS AND DIS CUS SION

The 54Mn

The NaI(Tl) sys tem in front of an 54Mn source
be gan op er at ing in May 2021. Two de creases in the
count rate of 54Mn were ob served, as shown in fig. 2,
in di cat ing that the count rate de creases cor re spond ing
to so lar flares that oc curred in May 2021. These de -
creases oc curred fol low ing two sep a rate so lar flare
events. The first event, a so lar flare class M3.9, took
place on May 7, and the sec ond event, a so lar flare
class C1.5, hap pened on May 12. When de creases in
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Fig ure 1. Sche matic il lus tra tion of the gamma-ra di a tion
count ing sys tem con sist ing of an NaI(Tl) de tec tor and a
ra di a tion source

Fig ure 2. The 54Mn count rate re sults. Ar rows and cir cles mark ob served de creases. In for ma tion is pro vided con cern ing
the time (UT + 2) and type of so lar flares



the count rate were mea sured, the sun was calm, hence
the so lar ac tiv ity mag ni tude was low (A5 and B2, re -
spec tively).

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 or der to sta tis ti cally con firm our re sults, we
per formed a trap e zoidal area cal cu la tion con cern ing
the re sults from May 16, 2021: six data points were av -
er aged on both sides around the dip. Av er age per for -
mance is cal cu lated to re duce or di nary fluc tu a tions in
read ings from the de tec tor.

Trap e zoidal area cal cu la tion

S trapezoid

(16847714 +16813128) 64
=

×
=

2
1077146971

Mea sured counts sum at the same re gion was
Scount rate = 1076482900.

When de duct ing the trap e zoidal area from the
mea sured counts sum, we ob tain the dip area

Dreadings = - = -1076482900 1077146971 664071

De crease of -664071 counts re ceived in the
graph in fig. 2(b). 

Cal cu la tion of the limit of de tec tion (Lc)

s = 32820

Lc = × = × =2326 2326 32820 76339. .s

There is al most a dif fer ence of one or der of mag -
ni tude be tween the mea sured de crease counts and the
limit of de tec tion. There fore, this re sult was found to
be sta tis ti cally sig nif i cant [11].

Com par ing these re sults with those pub lished by 
Jenkins and Fischbach [2] and in light of our pre vi ous
find ings [6-8], de lays be tween the so lar flare and the
re sponse of 54Mn were ob served. In the Jenkins and
Fischbach's De cem ber 2006 study we can iden tify de -
lays of about five days ([2] – fig. 1):
– So lar flares that oc curred on De cem ber 5-6, 2006

af fected ra di a tion de tec tion on De cem ber 12, 2006.
– A so lar flare that oc curred on De cem ber 12, 2006

af fected the count rate on De cem ber 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 pub lished, are novel
and of great im por tance for the field of nu clear phys -
ics. Their pi o neer ing con tri bu tion led other re search
groups to con duct in ten sive stud ies re gard ing how so -
lar flares af fect the ra dio ac tive de cay con stant.

The 57Co

Mea sure ments of ra dio ac tive 57Co, which un -
der goes elec tron cap ture ra dio ac tive de cay sim i larly to 
54Mn, were con ducted. Fig ure 3 pres ents two re sults of
57Co count rates. Six de creases in the count rate of
57Co were ob served.

The cal cu la tion for the changes in the count rate
of 57Co was per formed us ing the same method as for
54Mn. The cal cu la tion was based on the re sult from
No vem ber 18, 2020. A de crease of -2173118 was ob -
tained, with LC = 20348. More than two or ders of mag -
ni tude of dif fer ence be tween the de crease and the limit 
of de tec tion were found, which is sta tis ti cally sig nif i -
cant [11]. In a 57Co ra dio ac tive source, a de lay of about 
seven days be tween the so lar flare oc cur rence and the
de crease in the count rate was ob served.

Ta ble 1 pro vides a list of six 57Co and two 54Mn
events ac com pa nied by the mag ni tude of the so lar flare
(type), its oc cur rence date, the dip date, and the de lay. So -
lar flares with an in ten sity of less than C1 can not be re -
vealed by 57Co or 54Mn. At this stage, the re la tion be -
tween so lar flare in ten si ties can not be in di cated.

CON CLU SIONS

So lar neu trino de tec tion is known to be a very
chal leng ing task due to the mi nus cule ab sorp tion
cross-sec tion. This study re veals ad di tional ra dio ac -
tive sources that sig nif i cantly re spond to so lar neu tri -
nos.

Fol low ing the re search pre sented by Jenkins and 
Fishbach in 2009 [2], this study dem on strated changes
in the count rates for 54Mn and for 57Co. In our pre vi -
ous stud ies re gard ing 241Am, 222Rn, and 232Th, we dis -
cerned a de lay be tween so lar flares and count rate de -
creases. Our in no va tive re sults for elec tron cap ture
sources sup ple ment our pre vi ous stud ies, which ex -
am ined al pha emit ters, thus strength en ing our ar gu -
ment con cern ing the ef fect of so lar neu tri nos on ra dio -
ac tive ma te ri als.

With re gard to 54Mn, two count rate de creases
were ob served, re sult ing from two so lar flares that oc -
curred on May 7 and May 12, 2021. We con clude that
there is a de lay of about five days be tween the so lar
flare and the re sult ing count rate dip for 54Mn, sup port -
ing our find ings in pre vi ous stud ies. For 57Co, six
count rate de creases were ob served. We found that
there is a de lay of about seven days be tween the so lar
flare and the de crease in the count rate. For both sets of
re sults, the cal cu lated limit of de tec tion was found to
be of sta tis ti cal sig nif i cance. 

The re sults of this study sup port the ar gu ment
that there is neu trino in volve ment in the de cay pro -
cesses for sev eral ra dio ac tive ma te ri als. We can there -
fore con clude that 54Mn and 57Co in ter act with neu tri -
nos that orig i nate dur ing so lar flares.
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The re sults for 54Mn and 57Co in di cate that a rise
in neu trino flux can al ter the de cay rates of the elec tron
cap ture ra dio ac tive pro cess, which in volves neu trino
emis sion. Thus, we can as sume that the pres ence of a
rel a tively greater amount of sur round ing neu tri nos re -
duced the de cay.
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Ta ble 1. Mea sured 57Co and 54Mn count rate
events, dates, and in for ma tion on so lar flares

Radionuclide So lar
flare date

So lar
flare type

Count-rate
rate dip date

De lay
[d]

57Co 8 Nov 2020 C5.7 14 Nov 2020 7

57Co 11-12 Nov
2020 C2.6 18-19 Nov

2020 7

57Co 20 Nov 2020 C1.9 25 Nov 2020 6
57Co 22 Nov 2020 C3.3 30 Nov 2020 8
57Co 29 Nov 2020 M4.4 8 Dec 2020 10
57Co 7 Dec 2020 C7.4 13 Dec 2020 7
54Mn 7 May 2021 M3.9 11 May 2021 4
54Mn 12 May 2021 C1.5 16 May 2021 5

Fig ure 3. Count rate re sults for 57Co. Ar rows mark the ob served dips. In for ma tion is pro vided con cern ing the time 
(UT + 3) and type of flares
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UTICAJ  SOLARNIH  BAKQI  NA  OSOBINE
KONSTANTI  RADIOAKTIVNOG  RASPADA  54Mn I  57Co

Promene u brzinama radioaktivnog raspada usled sun~evih bakqi privukle su ve}u
nau~nu pa`wu posledwih decenija. U prethodnim radovima pokazali smo da sun~eve bakqe
izazivaju promene u brzini raspada 241Am, 222Rn i 232Th. Promena u brzini odbroja 54Mn usled
sun~evih bakqi, kako su uo~ili istra`iva~i sa Univerziteta Purdue 2006. godine, podstakla nas je
da ponovimo merewa. Pored toga, izmerili smo brzinu odbroja gama zra~ewa 57Co usled zahvata
elektrona, kao i u raspadu 54Mn.

Na{a nova merewa pokazuju da postoji ka{wewe od oko pet dana izme|u pojave sun~eve
bakqe i smawewa brzine odbroja 54Mn. Tako|e, zakqu~ujemo da je u prou~avawu 54Mn iz 2006. godine
postojalo ka{wewe izme|u solarnih bakqi i rezultuju}ih padova brzine odbroja. [to se ti~e
strukture brojawa 57Co, izmerili smo oko sedam dana ka{wewa izme|u pojave sun~evih bakqi i pada 
brzine odbroja. Zakqu~ujemo da 54Mn i 57Co interaguju sa neutrinima koji nastaju tokom sun~evih
bakqi.

Kqu~ne re~i: Sunce, bakqa, neu trino, konstanta radioaktivnog raspada


