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| INTRODUCTION

Charged solar particles - protons and alpha
particles, with different kinetic energies are
constantly reaching the Earth's orbit [1]. The
kinetic energy of most of them is insufficient to
penetrate deep into the Earth's atmosphere. As a
result of explosive processes on the solar surface,
streams of high-energy particles— with the energy
of the order of several MeV to several GeV,
sometimes reach the Earth's orbit.

A worrying fact is a high correlation observed
between high-energy charged particle fluxes and
mortality from several types of coronary
(ischemic) heart diseases, which, according to the
World Health Organization (WHO) statistics, is
the first in the list of the 10 most common causes
of death in 2016, regardless of the state's
economic situation [2].

Objective: The following are examples of high
correlations between annual mortality from
ischemic heart diseases and the intensity of the
average annual flow of positively charged
high-energy particles, mainly alpha particles,
reaching Earth's orbit. The examples are from
different points on the Earth's surface (from the
Northern Hemisphere). A possible mechanism of
the observed phenomenon is discussed. An
example of the short-term impact of high-energy
alpha fluxes on the area around Los Angeles,
affecting the short-term female mortality in the
region, is explained by the proposed mechanism.

Material and Methods: Data on solar corpuscular
radiation was obtained from an NOAA site — from
the Geostationary Operational Environmental
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Satellite series (GOES) [1]. High-energy protons
and alpha particles’ path length through the
atmosphere and corresponding energy were
calculated by PSTAR and ASTAR databases and
calculators [3, 4]. Data on the geomagnetic field
for Bulgaria was obtained from the website of
Intermagnet [5]. Data on galactic cosmic rays
were obtained from the NMDB database for 5
European neutron monitors [6, 7]. Data on Sun
Spot Number [8], Solar Flare Index [9,10],
Coronal Mass Ejections [11], and Coronal Holes
[12], were used too.

Data for mortality of ischemic heart diseases in
the interval 1999 — 2019 from reliable statistical
sources — WHO [2], Eurostat [13], UN data [14],
Centers for Disease Control and Prevention USA
[15], Our World in Data [16], Number of Deaths
by Cause, by Sex, and by Usual Residence of
Deceased (Region and Province), Philippines [17]
were used.

Correlation and regression analysis were used to
process the data.

Results: Between the annual fluxes of protons and
alpha particles on the one side and the annual
male and the female ischemic diseases mortality
in several countries in Europe (Figure 1), North
America (Figure 2), Africa (Figure 3), and Asia
(Figure 4), on the other side, a high statistically
significant correlation was found.
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Figure 1: Correlation between females’ mortality of ischemic heart diseases (International Classification
of Diseases, 10" revision (ICD-10), classes 120-125), for Bulgaria and average alpha particles flux -
correlation coefficient 0,912, level of statistical significance 0,01. Mortality data are from [13], and
satellites data are from [1].
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Figure 2. Females mortality from Ischemic heart diseases ICD-10, 120-125, USA, OK, Le Flore County
and solar alpha particles fluxes. Correlation coefficient 0,758, significance level 0,001. Mortality data
are from [15], and satellites data are from [1].
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Figure 3: Ischemic heart diseases males + females mortality for Cote d'Ivoire and average alpha
particles flux - correlation coefficient 0,649, significance level 0,05. Mortality data are from [14], and

satellites data are from [1].
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Figure 4: Females mortality from ischemic heart diseases for Province of Quirino, Philippines, and
average alpha particles flux - correlation coefficient 0,815, significance level 0,01. Mortality data from

[17] satellites data from [1].
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A detailed description of the study is given in [18].
With the highest correlation coefficient: 0.939, a
statistical significance level of 0.001, is the
dependence of female ischemic heart diseases (of
International Classification of Diseases, 10"
revision, classes I20 — I25) on the annual
alpha-particle flux for Bulgaria.

The fluxes of high-energy charged solar particles
are not constant over time. Their typical duration
is from hours to days, several times in the year.

No correlations were found between mortality
from coronary heart disease on the one hand and
geomagnetic field changes, galactic cosmic rays,
solar X-rays, ultraviolet radiation, and various
manifestations of solar activity [5, 6, 7, 1, 8, 9, 10,
11, 12] on the other.

Discussion: The results indicate a possible causal
relationship between mortality from ischemic
heart diseases and the fluxes of solar positive
corpuscular radiation.

A hypothetical mechanism is proposed [18],
explaining the observable data.

According to this mechanism, positively charged
high-energy solar particles penetrate the
atmosphere to the Earth's surface. The Earth's
atmosphere is transparent for these high-energy
particles in limited spots — areas of hundreds of
kilometers, where: 1. At local noon (the
culmination of the Sun, when the atmosphere is
thinnest to be punctured by the particles) and 2.
The directions of the Earth’s vector of
geomagnetic induction on the spot and the
velocity vector of invading particles coincide (no
magnetic force deflects the charged particles in
their path to the surface).

The energy required for the particles to overcome
the interaction with the particles in the
atmosphere was estimated - from 2.5 GeV to 3.4
GeV for the protons and from 6.2 GeV to 7.5 GeV
for the alpha particles [3, 4, 18]. Such high-energy
particles can induce ionization and a nuclear
reaction (even particles’ showers) in the air and in
the human body. Even a single high-energy
particle could cause a series of physiological
reactions in the human body, leading to heart

attack and death. The contribution of these effects
to the risk of mortality from ischemic heart
diseases in Bulgaria was estimated at 10%, but in
some countries such as Malta the share of solar
positive particles on mortality from ischemic
heart diseases could reach up to 40%.

The described mechanism allows for the
calculation of the width of the zone of latitudes
with the most intensive impact — mainly between
28°N and 48°N, but the phenomenon could be
observable at latitudes outside this zone too (See
Figures 3 and 4). The mechanism allows
calculating the dates with increased risk
depending on the latitude of the Earth's surface
spots in this zone. According to satellite
observational data (GOES 13), a significant flux of
alpha particles with energies above 3.4 GeV is
observed in geostationary orbit, while the proton
flux with energies above 0.7 GeV is hundreds of
times weaker. This makes it more likely to
conclude that high-energy alpha particles reach
the Earth's surface, and act as a trigger for blood
circulatory processes that cause death.

It is not possible to predict when a stream of
high-energy charged solar particles will head to
Earth, but if the proposed mechanism adequately
explains the phenomenon described, the days at
high risk can be calculated for each latitude [18].
The wide dissemination of such information
would increase life expectancy, especially for the
elderly.

Los Angeles case of high-energy alpha particle
flux impact on ischemic heart disease female
mortality

A case of a possible effect of high-energy alpha
particle flux on ischemic heart disease female
mortality for the Los Angeles County, California,
the United States, is interpreted below in
accordance with the above-mentioned
hypothetical mechanism.

The choice of Los Angeles County for the example
was not accidental. 1. The region has a high
population density, i.e. it was expected that the
described effect would be more noticeable in the
event of an influx of intense streams of
high-energy solar particles. 2. The United States is
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a country with a high level of medical diagnostics
and perhaps the best medical statistics in the
world. 3. Several intense fluxes of solar alpha
particles, reaching the Earth's orbit [1] have
occurred over the years in February - March when
the direction of the particles' invasion was near
parallel to the geomagnetic induction vector in the
Los Angeles area during the Sun culmination (the
local noon, Figure 5). Such events occurred in
particular between March 1t and 10%, 1995
(Figure 6). The data are from the GOES 7 satellite,
EPS (Energetic Particles Sensor). The data are
from channel A1, registering alpha particles with
energy 3.3 - 9.8 MeV. Particles with such energy
cannot penetrate the Earth's atmosphere to the
Earth's surface, but their flow was expected to be

an indicator of the presence of high-energy
particles unregistered by the satellite, emitted
during the same solar processes that were caused
the recorded fluxes of alpha particles.

Data for ischemic female mortality (International
Classification of Diseases, 9-th revision, codes
410.0 — 413.9) was obtained through a request to
the Epidemiology Unit Data Support Services,
County of Los Angeles [19]. The dependence of
ischemic mortality on high-energy solar positively
charged particles, especially alpha particles, is
more pronounced in women, although such
dependence is also present in men, who die more
often (and younger) than women from this group
of diseases.

Places & dates of intensive solar alpha particles fluxes around Los Angeles at local noon of the place
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Figure 5: The events with intensive solar alpha particles fluxes over the area of Los Angeles.
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al_flux:description = "Al Alpha-particles 3.8 - 9.9 MeV."
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Figure 6: The events with intensive alpha particles fluxes, with maximums over the area of Los Angeles
at local noon in the interval March 1% — March 10",1995. These events were chosen because are located

west of the Los Angeles area.

High-energy alpha particles reach Earth's orbit in
minutes after being emitted from the Sun's
surface. For example, calculations show that an
alpha particle with a kinetic energy of 5 GeV
reaches the Earth with less than a minute delay
from the light beam emitted at the same time.
Figure 5 shows the places and dates where the
main fluxes of solar alpha particles took place
near Los Angeles when the direction of the
geomagnetic induction vector in the Los Angeles
area and the direction from the area to the center
of the solar disk (from where the high-energy
solar positive particles could invade) coincide at
the local noon. For the Los Angeles area, the
geomagnetic induction vector is descending from
south to north with an angle to the Earth’s surface
(inclination) 49°. The culmination of Sun reaches
49° on 5th March. The choice of the studied time
interval was made for the following additional
reasons.

1. As particles with higher kinetic energy have a

higher velocity, it should be expected that the
impact of high-energy particles on Earth’s
surface would be earlier in time than the arrival
of the particles, registered by the satellite (if all

particles are emitted by the Sun at the same
time). The estimated delay for the alpha
particles with a kinetic energy of 10 MeV with
respect to particles with an energy of 5 GeV is
about 2 hours. That is, it is expected that the
fluxes with energy 3.8 — 9.9 MeV, registered by
the satellites, will be shifted to the west of about
30° from the presumed spot in which the
high-energy particles have struck (The Earth
rotates around its axis at an angular velocity of
15° per hour.) Le. it is assumed that if an
unregistered flux of high-energy solar alpha
particles hits the Los Angeles area, affecting
coronary mortality in the county, an indicator of
this impact would be a recorded flux of
lower-energy alpha particles (for example, 10
MeV), which intensity maximum would occur
two hours later than that of the high-energy one,
and the place above the Earth's surface would be
shifted by 30° to the west. The events with
intense alpha particles fluxes recorded on 28
February 1996 and 5 March 1995 meet this
condition (In Figure 5).

. It is assumed that people in the open are at

higher risk, i.e. the probability of a direct hit of a
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high-energy alpha particle on a person increases were

with the time spent by people outdoors, i.e.

when weather conditions are more favorable

(the women’s day March 8 is also in this time
interval). For these reasons, the March 1995
event was preferred over February 1996, as we

given the opportunity to obtain data for

the only one-time interval.

Table 1 shows the results of a joint study of
particle fluxes and female coronary heart diseases
mortality in Los Angeles County by day.

Table 1: Column designations: 1. Date; 2. A number of Females Deaths from Ischemic Heart Diseases
in Los Angeles county; 3. Differences between the diurnal number of death and the minimum death
(8.3.1995); 4. Diurnal instantaneous maximum of solar alpha particles flux, registered by the satellite
GOES on the geostationary orbit (particles number)/(cm?.s.sr.MeV); 5. Coordinates at local noon for
the registered alpha particles flow; 6. Distance from the point of the instantaneous maximum to Los
Angeles, km. Figure 7 represents graphically the data in table 1.
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Figure 7: The solar alpha particles fluxes at local noon near Los Angeles and the female mortality from

coronary diseases are highly correlated.
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Los Angeles County females’ deaths maximums
coincide with solar alpha particles fluxes at noon
in the vicinity of Los Angeles for the interval
March 1% — March 10™ 1995. The number of
deaths depends both on flux intensity and
distance. The first flux (2.3.1995) with middle
intensity, is exactly over the City of Los Angeles.
The change of deaths follows exactly the change of
alpha particles flows.

The second flux (5.3.1995) has the maximum
intensity, it is shifted about 500 km west of the
City of Los Angeles, nevertheless, it obviously
impacts the number of deaths in the vicinity of
Los Angeles. A gradual decrease in the deaths in
the next two days after the impact is observed.

The last flux (9.3.1995) is shifted about 2400 km
west of the City of Los Angeles and its deadly
effect on the county is negligible.

The results support the above-mentioned
hypothesis that during these solar events, which
emit streams of energetic alpha particles
registered by the GOES satellites, unregistered
high-energy alpha particles (probably also
high-energy protons) are also emitted. These
high-energy particles are capable [3, 4, 18] of
penetrating the Earth's atmosphere and reaching
the Earth's surface in limited areas (spots) up to
hundreds of kilometers in size. In such areas, the
passage of particles through the atmosphere is
facilitated due to the coincidence of their direction
of motion with the direction of the Earth's
magnetic field in the area during the local noon in
the area (when the atmosphere in said direction is
thinnest).

The moments of the mentioned events are
unpredictable, but the probability of the Earth's
surface being affected if such an event occurs is
different during the year and can be calculated
[18] according to the proposed hypothesis, which
would save many lives, as coronary heart disease
is the number one cause of death worldwide [2].

In Table 1, column 2, the number (200 in total) of
female deaths from coronary heart disease for the
study interval March 1% to March 10", 1995 in Los
Angeles County, is given by the day. Column 3 of
the table shows the difference for each day

between the number of deaths and the minimum
number of cases for the interval (40 in total).
Assuming that the cases listed in column 3 have
been affected by high-energy alpha particles, the
effect of this impact was to increase female
coronary heart disease mortality in Los Angeles
County by 20% over the 10-day interval studied.
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