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Abstract: The areas of energetic particle injection on the Sun from 1956 to 2013 are considered. A significant
irregularity of their heliolongitude distribution have been found. A special attention is paid to the discovered
region of “passive longitudes” with very law radiation effectiveness, extensive over the longitude (≈90–170◦) and
the life time (the whole period of observations). Also the distribution of the sources of energetic solar protons
measured in Earth’s orbit, over the longitude relative to the central meridian have been considered. The conclusion
about the validity of the obtained data for estimation of the risk of solar cosmic ray arriving is made.
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1 Introduction
For the first time the solar flare was registered by R. Car-
rington and R. Hodgson on September 1, 1859. The fol-
lowed geomagnetic storm was so powerful, that the induced
currents in the telegraph lines and auroras at all latitudes
had been observed. The regular measurements of solar cos-
mic rays began in 50’s of XX century, at first using the
stratospheric balloons, and then by the spacecrafts.

From the beginning of the measurements the subjects of
analysis were the sort of particles, their distribution over the
energy and the direction (anisotropy). While receiving the
new data various authors performed the statistical analysis
of solar proton events (SPE). Originally this analysis did
not take into account that the power of different SPEs varied
significantly. In order to eliminate this drawback it was
suggested in the study [1] to perform statistical analysis of
the proton fluences in each event. First it was made using
the data for the 19th solar cycle, and then for the next solar
cycles by the scientists in our country and abroad.

One of the directions of such analysis is the investigation
of heliolongitude distribution of the sources of SPEs. In
our works [2–5] we have performed such analysis taking
into account the fluences of energetic solar protons during
SPEs. It was discovered, that the distribution of the activity
of solar cosmic ray injection regions by the proton fluence
value in SPEs along the Carrington longitude is consider-
ably inhomogeneous. A special attention deserves the dis-
covered interval of “passive” longitudes, extensive over the
longitude (≈90–170◦) and the life time (the whole period
of observations).

In the current study this result have been confirmed
using the data set for the whole available period of regular
observations from the 1950’s till 2013, including the active
phase of the current 24th solar cycle.

2 Data set
The initial data contain the information about SPEs in the
19th and the following solar cycles, picked from different
sources, and experimental data on measurements of the
fluxes of energetic cosmic ray protons in Earth’s orbit
outside its magnetosphere.

The data for the 19th cycle were obtained using var-
ious kinds of measurements (ground-based equipment,
stratospheric balloons, geophysical rockets, first spacecraft),
which at that time had not been performed systematically.
Many solar cosmic ray parameters were determined by in-
direct methods using the results of riometric measurements
and registration of geomagnetic perturbations and peaks
in solar radio emission [6]. For the 20th solar activity cy-
cle more reliable data on SPEs and proton fluences during
them from various sources based on the spacecraft measure-
ments [7–9] were used.

For the period from 1970’s till 2001 year we used
almost uninterrupted data set with the length of ≈30 years
containing measurements of interplanetary proton fluxes by
identical set of detectors onboard IMP series spacecraft in
the near-Earth’s orbit with the altitude of ≈35 Earth’s radii,
i.e. outside its magnetosphere [10]. Finally, for the period
from October 2001 until May 2013 we used the data on
hourly-averaged fluxes of protons with energies >10 and
>30 MeV, measured by ACE spacecraft, located in the Sun-
Earth libration point L1 at a distance of ≈1.5 million km
from Earth [11].

On the basis of these sources we created a data base on
≈420 SPEs from 1956 till May 2013. It contains the data
about the time when SPE occurred, fluence of solar protons
with energies >30 MeV during this SPE and the Carring-
ton longitude of its source on the Sun. For the 19th and
20th solar cycles these data were taken from the sources de-
scribed above. For the period from 1970 till 2012 we have
computed proton fluences in SPEs using IMP and ACE
spacecraft measurements. Beforehand the time series of the
background fluxes of galactic cosmic ray protons were com-
puted for this period of time, using our method described
in [12]. The background flux values were subtracted when
calculating the fluences. The heliocoordinates of the parti-
cle injection sources for the period starting from 1976 were
taken from NOAA data [13].

In figure 1 the value distribution of the fluences of pro-
tons with energies >30 MeV in SPEs is shown. One could
see that the distribution smoothly fits to the lognormal law,
even including 2 events with the highest fluences of 9·109

and 6·109 in 19th and 20th solar cycles correspondingly.
Thus in spite of the dissimilarity of the initial data sources
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Figure 2: a) Fluences of protons with energies >30 MeV in solar proton events of 19–24 solar cycles with values >107

cm−2; b) distribution of fluences of protons with energies >30 MeV in SPEs of 19–24 cycles along the Carrington longitude.
Interval of “passive” longitudes 90–170◦ is emphasized. The only “anomalous” strong SPE during 57 years, which source
lay in the interval of passive longitudes, is marked by the dash line.
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Figure 1: The value distribution of the fluences of protons
with energies >30 MeV in SPEs well fits to the lognormal
law (the scale of Y axis is chosen so that the straight line
corresponds to normal distribution).

the values of fluences in SPEs in our data set can be consid-
ered the general totality and be subjected to the statistical
analysis.

3 Passive Carrington longitude interval
The analysis, performed using this extensive data set, has
confirmed the considerable inhomogeneity of the distribu-
tion of solar proton event sources along the Carrington lon-

gitude. A special attention deserves extensive over the lon-
gitude (≈90–170◦) and the life time (the whole period of
observations) interval of “passive” longitudes.

In figure 2a the power and heliolongitudes of all SPEs
during 19–24 solar cycles are shown, for which fluences
of protons with energies >30 MeV were higher than 107

cm−2. As one could see from the plot, during the whole
period of observations a total of 61 very powerful SPEs had
occurred with fluence ≈108 cm−2. And among them just
only one SPE has the Carrington longitude of its source
inside the interval of 100–170◦.

It is the event of November 4, 2001 with the fluence
equal to 2·109 cm−2; the Carrington longitude of the active
region 9684, which was according to NOAA data the source
of proton injection for this event, is equal to 135◦. We have
checked the correctness of determining the source region
for this event according to NOAA data. In figure 3 the
configuration of active regions on the Sun for November
4, 2001 is shown. Beside the mentioned region at the same
time active regions 9682 and 9687 existed, which during
that day had produced multiple C-class flares. Both of them
were located outside the passive longitude region. But only
the region 9864 at that day at 16:03 produced the X1-class
flare, and 1 hour after its start the detectors onboard ACE
spacecraft had measured the increase of the fluxes of protons
with energies >30 MeV by 3 orders of magnitude.

Thus apparently the “anomalous” strong event of Novem-
ber 4, 2001 does appear to be the only exception from the
rule. The sources of other 60 powerful SPEs in solar cycles
19–24 with fluences ≈108 cm−2 lay outside the interval of
100–170◦. From another 80 “medium” events in cycles 19–
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Figure 3: Configuration of active regions on the Sun during
“anomalous” SPE on November 4, 2001. Location of passive
longitude region is also shown.

24 with fluences varying from 107 to 108 cm−2 sources of
only 10 SPEs are located in the interval of 100–170◦.

In figure 2b for each 10-degree interval of Carrington
longitudes a portion of protons with energies >30 MeV
injected from this interval is calculated relative to the total
fluence over all longitudes for the whole investigated period
of time. From the plot follows that the values of total flu-
ences for 10-degree intervals inside the “passive” longitude
range ≈90–170◦, without taking into account “anomalous”
SPE of November 4, 2001, do not exceed 5.5% from the
mean fluence value for all longitudes. The summarized flu-
ence for the passive longitude interval amounts to just only
1.2% (and even taking into account the event of November
4, 2001 – only 5%) from the total fluence for all the consid-
ered SPEs.

Thus from the data in this section it follows, that inside
the discovered region of “passive” Carrington longitudes
≈90–170◦ during the whole investigated period very few
strong SPEs took place; the total proton fluence in the
events which sources belong to that interval is considerably
lower than total fluences of protons in other heliolongitude
intervals.

From the figure 2 it also looks like the computed spatial
distribution has smaller structures of about ≈40◦ width. But
we do not emphasize it, because this value is close, about
twice as large, as the error of determining the longitude of
the active region on the Sun.

4 Distribution relative to central meridian
We have also made computetions of the distribution of
fluences in SPEs in 19–24 solar cycles over the longitude
of their sources relative to central visible meridian of the
Sun (figure 4).

As it follows from the figure, the maximum of the
distribution is located in vicinity of the central meridian.
Some asymmetry of the distribution towards the west exists,
but it is very small: the ”center of mass“ of the distribution
is located at ≈10◦ west longitude.
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Figure 4: a) Fluences of protons with energies >30 MeV
in SPEs of 19–24 solar cycles with values >107 cm−2;
b) distribution of fluences of protons with energies >30
MeV in SPEs over the longitude relative to central visible
meridian of the Sun.

This kind of distribution is similar for each separate solar
cycle as well.

This result is somewhat surprising; one should expect the
maximum of the distribution near 40–50◦ west longitude,
keeping in mind the geometry of interplanetary magnetic
field. But the analysis taking into account the energetic
proton fluences in SPEs gives the result as shown below.

5 Discussion
The existence of the interval of “passive” Carrington longi-
tudes, extensive over the longitude and the life time, is the
remarkable phenomena in solar physics.

In order to find out its possible explanations apparently
the heliolongitude distribution of other indices of solar ac-
tivity and the time dependence of the magnetic field struc-
tures on the Sun should be very carefully studied. It seems
that the distribution of the active regions on the Sun without
considering the fluences of energetic protons, as well as
the distribution of the sources of SPEs with low fluences
does not show the inhomogeneity. Hence we may conjec-
ture that the physics of the discovered phenomena relates to
the deeper layers of the Sun. Another fact, speaking in favor
of this, is that we have obtained that inhomogeneous distri-
bution using the Carrington mean synodic period of Sun’s
rotation equal to 27.2753 days. Whereas the near-surface
regions of the Sun experience non-synchronous differential
rotation.

Another interesting result is that the distribution of the
sources of energetic protons fluences in SPEs, observed at 1
AU, over the longitude relative to central visible meridian
of the Sun has a maximum near 0–10◦ west longitude.
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The discovered irregularities of the heliolongitude distri-
bution of the sources of energetic protons on the Sun can
be used for the mid-term prediction of the risk of energetic
solar proton arriving in the given point of near-Earth’s or
interplanetary space.
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