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ABSTRACT

The eleven year modulation of cosmic ray intensity is studied, using data
of nine worldwide neutron monitoring stations extended over the period 1965-1975.
From this analysis the following relation among the modulated cosmic-ray inten-
sity I, the relative sunspot number R, the number of proton events Ny and the
geomagnetic index Ap has been derived which describes the long term modula-
tion of cosmic rays:

I =C—10"% (KR + 4N, + 12A,)

where C is a constant depending on the rigidity of each station and K is a coef-
ficient related to the diffusion coefficient of cosmic rays and its transition in
space. The standard deviation between the observed and calculated by the above
relation values of cosmic-ray intensity is about 5-99% . This relation has been
explained by a generalization of Simpson solar wind model which has been

proved by the spherically symmetric diffusion - convection theory.
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1. INTRODTCTION

The inverse correlation between cosmic-ray intensity and solar
activity in the eleven year variation was first pointed out by Forbush
(1958) and has been studied in detail by many researchers (see reviews
by Rao, 1972; Pomerantz and Duggal, 1974 ; Moraal, 1976). According
to these studies the time lag between cosmic-ray intensitiy and solar
activity varies from several to twelve months, depending on the solar
cycle and on the activity index adopted (Balasubrahmanyan, 1969 ; Dor-
man et al, 1977). Xanthakis (1971) has found a time lag of one year
between cosmic-ray intensity and solar activity index Ia for the solar
cycle No 19. Nagashima and Morishita (1980 b) have pointed out that the
hysteresis between the solar activity maximum and the cosmic-ray
intensity minimum is 9, 1, 10-11 and 2 months for each of the solar
cycles 17, 18, 19 and 20, respectively. Other indices of solar activity, such
as geomagnetic index A, or coronal green line intensity, appear to
reduce the hysteresis effect considerably. Moreover the time lag depends
on solar activity (Wang, 1970) and is shorter in the decreasing phase of
activity than in the increasing phase (Simpson, 1963). Also it decreases
as the cosmic-ray rigidity increases. Recently the hysteresis mode
of the Sun’s effect on the cosmic-ray flux arriving from the Galaxy
to the Earth’s orbit has been shown to result from (1) the large size of
the modulation region, (2) the variations of the mean sunspot heliolatitude
from high to low latitudes throughout the eleven year cycle and (3) the
finite time of galactic cosmic ray diffusion to the modulating region,
which is essentially a function of particle energy (Dorman and Soliman,
1979).

Studies of long term modulations of cosmic rays in interplanetary
space give valuable information about electromagnetic state in the
heliomagnetosphere and about the origin of cosmic rays. Thus, a large
amount of data concerning the rigidity dependence of long the term
variation of cosmic rays and its relationship with other solar and
terrestrial parameters have now been used in comparison with various
theoretical predictions (Rao, 1972).

In a previous work, Xanthakis (1971) has given a quantitative
relation among the cosmic-ray intensity obtained from Mt. Washington
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station’s data the solar activity index Ia and the number of proton
flares Npp for the 19th solar cycle. Chirkov aud Kuzmin (1979) have
shown that the 1l-year cosmic-ray intensity Ipw from data of ionization
chamber in Yakutsk for the 19th and 20th solar cycles, can be expressed
by the following expression:

Iew (%) = —0.008 W —KC; + A, (1)

where W is the Wolf number, C; the geomagnetic index and K and A
are constants dependent on the solar cycle. Recently Nagashima and
Marishita (1980b) have also used the sunspot number R and the geo-
magnetic index AA in order to compute the modulated cosmic-ray
intensity.

In this work it is proposed to find a general relationship between
the intensity of galactic cosmic rays and the most appropriate solar and
terrestrial activity indices which are influenced by the cosmic-ray modu-
lation. For this purpose we have taken account the following indices :
the relative sunspot number R, the number of proton events N, and the
geomagnetic activity index A,. This relation will be interpreted from a

generalization of Simpson’s coasting solar wind model (1963).

2. DATA ANALYSIS AND RESULTS

In order to study the long-term modulation in cycle No 20, data of
cosmic-ray intensities have been used from nine neutron monitoring
stations (super NM-64) extending over the period 1965-1975. The altitude,
the geographic coordinates and the cut-off rigidity of each station are
listed in table I. The corrected for pressure data for each station were
normalized by the method

Ii — Imin
Imax — Imin’

where I min and I max are, respectively, the minimum and the maximum
intensities of cosmic rays during the 20th solar cycle and Ii is the
corresponding half-year value of cosmic-ray intensity. With this method
the intensities at the solar minimum 1965 are taken equal to 1.00 and at
the solar maximum 1969 are taken equal to zero.
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For this analysis the semi-annual number of significant solar proton
events N, (Solar-Terrestial Physics and Meteorology, 1977 ; 1979) and the
half-year averages of relative sunspot number R (Ziirich Observatory)

and geomagnetic index A, have also been used.

A detailed study of all these data led us to a new generalized
empirical relation. Accordingly to this the cosmic-ray intensity which is
observed in the Earth (modulated intensity) on a semi-annual basis can
be calculated from the difference between a constant function C and the
sum of the most important solar and terrestrial indices which are
affected cosmic-ray modulation. This expression, taking into account
the indices R, N, and A, , is the following:

I = C— 10~%(KR + 4N, -+ 124,) @)

where Cis a constant that depends linearly from cut-off rigidity of each
station and K is a coefficient which is also rigidity-dependent and is
probably related to the diffusion coefficient of cosmic rays and its
transition in space. The physical properties in the modulating region
derived from the constant C and the coefficient K are discussed below,
while the numerical values of them are given for each station in table II.

The observed neutron monitoring, data of each station I,,s and the
corresponding I.. values calculated from equation (2), are given in
table III. The 1l-year variation of these values is shown in Fig. 1. The
continuous line represents the observed cosmic-ray intensity Ions and
the dashed line gives the corresponding calculated value ... It is worth
mentioning that the agreement between measured and calculated by
equation (2) cosmic-ray intensities for all used here neutron monitoring
stations is very good. The standard deviation between the observed and
calculated values of cosmic-ray intensity is of the order of 5-9Y%.

If we substract I, from Ius, the difference A (Iobs - Ica1) should be
independent of the eleven-year and short term variations. Practically,
however, the difference A (Iobs - Ica1) in Fig. 2 still shows remarkable
short term variations, especially during the years 1965-1966 due, perhaps,
to the incomplete elimination by the present indices.

Examining the above relation (2) and applying this to the nine
ground based stations of cosmic rays we observed that so the constant
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TABLE

111

403

The percented values of the intensity of cosmic-rays, measured, Iobs,
and calculated by the relation (2), Ical.

ALERT THULE McMURDO INUVIK GOOSE BAY
Iobs Ical Iobs Ical | Iobs Ical Iobs Ical| Iobs Ical

(%) @ ® @ @ wm | w  ® (@
1965 T 1.00 0.77 100 0487 1.00 0.83] 1.00 0.83
IT 1.00 0. 76 0.95 0.78 0.98 0.88 3,986 0.82| 0.94 0.83
1966 I 0.87 0.64 0.83 0.68 0.86 0.91 0.89 0.78| 0.85 0.78
IT 0.58 0.48 0.54 0.54 0.58" 0.55 062 0.69| 0.58 0.68
1967 I 0.44 0.31 0:.35 0.40 0.40 0.41 0.48 8.501 0.43 ©.49
T 0.34 0.28 0D.33 0.37 0.34 ©0.38 0.36 0.35) 0,25 0.36
1968 I 0+25 0.20 026 0.31 0.21 0.21 0.28 0.19110.25 049
L 0.02 0.09 0.00 =-0.01] -0.01 0.10 0.03 0.08i10.04 0.10

1969 T 0.00 =0.05 0,00 =0.02 0.00 -0.04 0.00 -0.04| 0.00 -0.01
TiT: 0.02 0.08 0.03 0.08 Q.06 0.09 0.03 B. 101 002 Bet3
1970 I 0.04 0.00 0.03 =0.10 0.04 0.01 0.07 0.01} 0.02 0.04
1T 0.02 0.18 0.09 0.09 0.10 0,20 0.08 0.18] 0.06 0.20
U 0.28 0.49 01539 0.40 0.50 050 0.42 0.48( 0.34 0.49
ET 0.61 0.48 0/.77 0.79 0.82 0.95 0.66 0.68) 0.60 0.66
1972 1 0.77 0.67 0.76 0.67 0. 82, 0,83 0.68 6.57) 0.52 0.55
acd 0.7 0175 0.74 0.78 0.81 0.88 BDLGT 0670057 10165
978 % 05615 0.68 0.66 0.68 0.71 0.78 0.59 0.62| 0.49 0.61
dLIE 0.78 0.77 0.80 0.77 0.92° 0.84 0.78 0.74| 0.68 0.73
1974 0.75 0.71 0 .74 0.7 0.78 6. 72 0.68({ 0.60 0.67
BE 8 0.61 0.68 0167 0.68 0.76 0 .57 0.63] 0.48 0.62
19175 T 0., 76 0.74 01,73 0.74 0.7 0.72 0.73| 0.64 0.74
IT 0.80 078 0% 77 0.78 0.83 0479, 0.76| 0.65 0.76
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DEEP RIVER KIEL HERMANUS PIC DU MIDT
Iobs Ical Iobs 1Ical Iobs Ical Iobs Ical
(%) (%) (%) (%) (%) (%) (%) (2)

1865 I 1.00 0.89 1.00 0.9 1.00 1.03 1.00 .01

TTiF 0,92 6.90 09" 01,94 0.94 1.02 0.85 0.99

1966 I 0.86 0.85 082 1079 0.88 0.85 0.77 0.72
TI0 57 105 74 0.55 ©0.61 0.61 0.66 0.52 0.56

1967 I 0.44 0.54 0.43 0.43 0.48 0.43 0.42 0.52
TR 087 10539 0.34 0.38 032 0.34 0537 0,59

1968 I 0.30 0.20 Bi.28% 10531 0.24 0.14 Q.27 0.38
II| 0.03 0.09 0.03" 0,00 0.03 0.01 0.04 0.04

1969 I 0.00 =0.04 0.00 0.07 0.00 0.03 0.00 -0.06
BT 0.03 0.1 0.04 0.10 01,14 0.12 0.10 0.15

970" E 0.06 0.00 0.06" 0.12 0.13 0.07 0.12 -0.01
IT) 0.08 0,20 0,08 0,12 0.15 .15 0.16 0.18

7 7/ 0.46 0.53 0.45 0.54 0.49 0.55 0..51 0.58
BRIEN0.77 1073 0is 700 0.7 0.72 0.68 0.71 0.63

1972 & 0.79 0.62 0.73 0.68 0.82 0.7 0.66 0.63

075 0572 0.68 0.72 0.74 0.64 0.78

1973 T 0.70 0.68 0.60 0.59 0.57 0.54 0.60
Ty 0.89. 0.80 0.76. 0.77 0.68 0.72 0 75

1974 I 0.79 0,74 0.69 0,54 0.62
II| 0.64 0.70 0.64 0.50 0.57

1975 T 0.85 0.81 0.84 0.98 1.01

TE|S 0.89 0.83 0.83 0,92 0/,95
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Fig. 1. The 1l-year variation of cosmic ray intensity for each station is given.
The continuous line represents the observed cosmic-ray intensity Iobs and the
dashed line gives the corresponding, calculated by the relation (2), value Ical.
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Fig. 2. Differences of the observed cosmic-ray intensities Iobs and the calcu-
lated ones by the relation (2) Ical for each station from 1965 - 1975.
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C as the mean value of the coefficient K (K) are linearly correlated with
the cut-off rigidity of each station for the 20th spolal cycle. The variation
of C and K versus the rigidity of the stations are presented in Fig. 3. A

°lo

C —

T2 K=30+136P

0 1 2 3 4 5 6 7
B —s GV P — GV

Fig. 3 Rigidity dependence of the constant C and of coefficient K for the
time interval 1965 - 1975.

small discrepancy from the linear correlation was shown in the value of
K from the McMurdo neutron monitor. From this Figure the following

close relations are concluded :

C=093+40.07P (3)

K =3.004 1.36P 4)
where P is the cut-off rigidity of each station. From an off-hand point
of view, the coefficient K is a quantity of the modulation of cosmic rays
travelling through the interplanetary space with the solar wind. The
time dependence of semi-annual values of this coefficient for each station
is given in Fig. 4.

It is interesting to remark that the coefficient K has a constant
value for the first years of the ascending branch of solar activity and
for the 3 - 4 last years of the descending branch, while for the maximum
of solar activity it has a period of 4 - 6 years and can be presented by

the relation :

K=a+bsin—2Qit ()
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Fig. 4. Time dependence of semi-annual values of coefficient K for each sta-
tion. Also, the variation of polar hole size versus time is presented for the
time interval 1965 - 1975.
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where a, b are constants given in table II for each station. It is
noted that the stations with cut-off rigitities > 2.20 GV in which there
is a smaller modulation of cosmic rays, here appears to be a multiple
frequency variation of K, which probably can be resulted from the wide
asymptotic cones of acceptance of these stations introduced slight
variations with a period of 2-3 years.

In the stations with low energies P £ 2.20 GV the curve of K is
in inverse correlation with the curve of size of «polar coronal holes»,
as it is presentend in Fig. 4 (Hundhausen et al, 1980). As was pointed
out recently, there is a close correspondence between the polar hole size
and the cosmic-ray intensity variations. This suggests the influence
of a three dimensional interplanetary structure on the propagation of
cosmic rays through the solar system to the orbit of Earth. It is known
that coronal holes are associated with magnetic field lines that open
into interplanetary space and have been identified as the cource of the
major streams of fast solar wind in interplanetary space. Coronal holes
also play a key role in determining the spatial structure of the inter-
planetary magnetic field. So, it is well connected the variation of
coefficient K with the size of coronal holes and, consequently with the

structure and variations of the interplanetary magnetic field.

3. SOME CHARACTERISTICS OF THE ELEVEN YEAR VARIATION
OF COSMIC-RAY INTENSITY OF THE 20th SOLAR CYCLE

A detailed examination of the Figs. 1 and 2 and of the 11-year
variation of cosmic rays reveals the following features:

The shape on the variation of cosmic-ray intensity over the 20th
solar cycle bears a close relationship to the actual solar activity cycle.
The two maxima first postulated by Gnevyshev (1967) in a solar cycle also
seem to be detectable in cosmic rays also during this solar cycle. The
cosmic-ray intensity appears two minima: the first one is appeared in
1969 which happens with the main maximun of solar activity and the
second one is appeared in the end of 1971 (Krivsky and Ruzickova -
Topolova, 1978). The rapid reappearance of the polar holes between
late 1970 and early 1971 following their disappearance in the sunspot
maximum, has been justified by the second minimum of cosmic rays. This
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is resulted by the fact that the temporal variations in the size of the polar
holes correspond to those in the cosmic ray intensity observed at the
Earth (Hundhausen et al, 1980) Between the two minima of cosmic-rays
polarity reversal of the magnetic field of the Sun because of the 22-year
variation is occured. The polarity reversal took place in the southern
hemisphere in mid-1969 and ended in Aug. 1971 when the northern
hemisphere completed its reversal.

It is noteworthy that the amplitude of the modulation in the
examined solar cycle is smaller than the corresponding in the 19th cycle.
Also the correlation of the cosmic-ray intensity variations with solar
activities is poor compared with the previous solar cycles (Ashirof et al,
1977). Moreover some anomalous phenomena in the modulation of cosmic
rays have been observed for several years after the solar maxima such
as the abnormality of the modulation rigidity spectra of cosmic-ray
intesities (Lockwood and Webber, 1979), the sudden recovery of the
intensity (Kuzmin et al, 1977) etc. Recently many researchers have pointed
out that all these strange features at the 20th cycle could be explained
by the superposition of 22-year and 1l-year modulations. It is noted
that the rigidity spectra of these two modulations are different from
each other (Charakhchyan et al, 1977) and the 22-year modulation is
independent of solar activity, except for its transition period (Ashirof
et al, 1977).

It is mentioned that the time lag between cosmic rays and solar
activity in the 20th solar cycle is not significant. It is only 2 months
(Nagashima and Morishita, 1980b). So the hysteresis effect appears to
have been reduced considerably in this solar cycle.

4. DISCUSSION AND THEORETICAL INTERPRETATION
OF THE RELATION (2)

It is well known that the solar-cycle modulation of the propagation
of cosmic rays entering the solar system from interstellar space has
been attributed to their interaction with a solar wind that varies with
solar activity. A detailed theory of such effects of scattering of cosmic
rays by irregularities in the magnetic field convected along by the solar
wind has been developed (Parker, 1963; Jokipii and Parker, 1970). The
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diffusion-convection and adiabatic deceleration theory (Gleeson and
Axford, 1967) of galactic cosmic rays into a spherically symmetric solar
wind with this scattering would lead to an eleven year variation. In the
light of this theory, the modulations are well explained by setting proper
physical states in the modulating region, but it is -not so clear how the

states are related to solar activities.

Tucci et al (1975) tried to obtain a dynamic relation of the modula-
tion of cosmic rays to solar activity, assuming the following two mecha-
nisms. One is on outward-sweep-away mechanism from the Sun due to
the flare activity that causes a depression of the cosmic-ray density.
The other is a diffusion mechanism which causes a recovery of the
density.

Contrary to Iucci et al, whose model treats the modulation as
non-stationary, the coasting solar wind model (Simpson, 1963) interprets
it as a variation in quasi-stationary state. With this concept it is assumed
that disturbances due to solar activities continue to affect cosmic rays
while travelling through the modulating region with the solar wind. In
other words, the intensity of cosmic rays at a time t is affected by
all the activities produced from the Sun before the specified time t.
Accordingly, the modulation can be described by the following integral
equation which is derived from a generalization of Simpson’s coasting
solar wind model (1963) :

e = 1, —f(f(r)S(t-r)dr, (6)

where I, and I(t) are, respectively, the galactic and modulated cosmic-
ray intensities, S(t-r) is the source function representing some proper
solar activity index at a time t-r (r0) and f(r) is the characteristic
function which expresses the time dependence of an efficiency depression
due to solar disturbances represented by S(t-r), when the disturbances
propagate through the modulating region with the solar wind. It is
noteworthy that as Nagashima and Morishita (1980a) have proved out,
this equation can also be derived from the spherically symmetric dif-
fusion - convection theory, including the Compton-Getting factor (Gleeson
and Axford, 1967) on some assumptions, and the source and characteristic
function can acquire new physical meanings which are related to the
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diffusion coefficient of cosmic-rays and its transition is space. Nagashima
and Morishita (1980 a) have shown that the modulations can be described
by the source function which is expressed by the following linear combi-
nation of two indices one is the sunspot number R and the other the
geomagnetic activity index AA substituted for such stream-like disturb-
ances as coronal holes (Murayama and Hakamada, 1975):

f(r)S(t-r) =fr(r) R(t-1) + falr) AA(t-1) (7)

In this work the dependences of the modulations and of their surroundings
of solar activity are studied by a new method, using data of cosmic-
ray intensities from ground based stations well distributed in latitude.
According to this analysis it is proposed that the modulations ought to
be expressed by the linear combination of three indices, one is the
sunspot number R, second is the number of proton events and third is
the geomagnetic activity A,:

f(r)S(t-r) = fr(r) R(t-1) + fx(r) Np(t-r1) 4 fa(r) Ap(t-1) (8)

The time lag r between solar activity and cosmic-ray intensity in the
examined solar cycle is approximately £ 2 months (Nagashima and
Morishita, 1930a). This time can be neglected in relation (8) because of
using half-year values of all indices in the present analysis. Substituting
the equation (8) into the general equation of Simpson model and indenti-
fying with the empirical relation (2) we get:

I, = € =684+ (9)
ffR(r) dr = k.107° (10)
ffN(r)dr = 4. 10° (11)
ffA (r)dr =12.107° (12)

0

where U expresses the modulation of the galactic cosmic ray intensity
I, due to the cut-off tigidity of each station. It is observed that the
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characteristic function f(r) of the N, and A, has a constant value during
the 20th solar cycle, while the f(r) distribution of the index R has a
complex behaviour (section 2).

In order to explain this behaviour it is purposed that the existence
of 22-year variation affectes the 1l-year cosmic modulation, as it is
obvious in Fig. 1. At the end of 1971 the cosmic ray intensity appears a
sudden recovery to the predecrease level which happens one year behind
the polarity reversal of the polar magnetic field of the Sun. This time
lag r can be explained on the basis of Simpson’s model and the general
diffusion-convection theory and expressed by two characteristic times
as follows:

I = fes -+ e (13)
where rcs is the time required for galactic cosmic rays to recognize the
polarity reversal at the modulation boundary after the occurence of the
reversal at the solar surface, and rpc is the time required for galactic
cosmic rays to reach the Earth through the diffusion-convection process
after receiving the information at the boundary (22 days for neutrons
with P=1.5 GV). If we accepte the relation (13) and the experimental
equation (4) the characteristic function of sunspot number R can be

written :
(0 o] (0]
ffR (fes) dres +ffr(rnc) drpc = (3.0 + 1.36 P) F (t) - 10° (14)
(] 0

Where F (t) is a function of time.

From this analytical expression we find that

@

ffR(rcs) dres = 3F(t)- 107° (15)
ffg(rpc)drpc = 1.36P - F(t)-10~° (16)

0

Note that the characteristic function of sunspot number R reported
to the characteristic time r. is independent of terrestrial parameters
by definition of the time r.. So the function F(t) is not related
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with the rigidity of ground measured particles and othe terrestrial
indices. Contradictory, the characteristic function of R reported to the
time rpc is dependent on the rigidity P of the particles and the function
F (t), which can be related to solar and interplanetary parameters.
Because of the definition of the time rpc, the function F (t) can be
well related to the diffusion process of cosmic rays and its transition
in interplanetary space.

As Nagashima and Morishita (1980a) have shown, the function f (r)
is inversely propotional to the transition of the diffusion coetficient
due to the magnetic disturbances carried on the solar wind. It is known
that the diffusion coefficient is related to magnetic fluctuations AH
in the modulating region Their mutual relation is not so simple (Jokipii,
1967 ; 1968) but if we could assume that the diffusion coefficient is
inversely proportional to ﬁ, we obtain the fluctuations conversely from
the observed coefficient. Consequently, AH is assumed to be propor-
tional to the function f(r) and also to coefficient K which is given by
relation (2). Indeed it was experimentally confirmed in the present work
by the Figure 3 that the coefficient K is in inverse relation with the size
of polar coronal holes. This correlation was poor for stations with
cut-off rigidities > 2.20 GV (Hundhausen et al., 1980). As it has been
shown by King (1976), the yearly averaged magnitudes of positive and
negative polarity magnetic field vectors show separate solar cycle varia-
tions which are in inverse correlation with the variation of polar coronal
holes size. From all these it is resulted that the characteristic function
fr(r) and consequently, the coefficient K gives information upon the
diffusion coefficient of cosmic-rays.

5. 'CGONCLUS LONS

From all the above analysis and discussion we conclude the fol-
lowing :

The existence of the 1l-year modulation of cosmic-ray intensity
in the 20th solar cycle is pointed out, using data of nine worldwide
neutron monitor stations over the period 1965-1975. Some anomalous

phenomena are appeared in this solar cycle such as the poor correlation
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of cosmic-ray intensity and solar activity, the sudden recovery of inten-
sity, the small time lag between cosmic-ray intensity and solar activi-
ties etc. These phenomena are associated with polarity reversal of the
polar magnetic field of the Sun which occurs around the solar maximum.
So the modulation of cosmic-ray intensity is the result of the superposi-
tion of 22-year and 11-year modulations.

A fundamental equation which describes the long term modulation of
the cosmic-ray intensity is given in this work. According to this relation
the modulated cosmic-ray intensity that was measured by the ground
based stations is equal to the galactic cosmic-ray intensity (unmodulated)
at a finite distance corrected by a few appropriate solar and terrestrial
activity indices which causes the disturbances in interplanetary space.
Using the sunspot number R, the geomagnetic index A, and the number
of proton events N, the corresponding cosmic-ray intensities have been
calculated by proper values of constant C and coefficient K. The
constant C has a constant value for each station, which is rigidity
dependent and the coefficient K is mainly responsible for the 1l-year
modulation of cosmic-rays. For low rigidities (P <(2.20 GV) this coeffi-
cient can be inversely correlated to the polar coronal holes size.

The above mentioned relation is well explained by the generalized
Simpson’s solar wind model where the constant C has a physical meaning
and the coefficient K is related to the diffusion coefficient of cosmic-rays
and its transition in space.

In conclusion, it is noteworthy that the analytical method which
utilizes the empirical relation (2) is useful for the study of the long term
modulation of cosmic-rays. Owing to the method used, one could repro-
duce to a certain degree the modulation with the proper source function
(R, Ny, Ap) and could also associate the source function with the electro-
magnetic properties in the modulating region (K). Therefore, it is neces-
sary to search for a more suitable source function among various kinds
of solar activity indices or physical quantities.

In the future a further study of these parameters with a variety
of phases or lag times, perhaps with observations out of the ecliptic
plane, will lead us to a better understanding of the relations among
coronal structure, interplanetary structure and cosmic-rays in the solar

system.
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HEPIAHWYIZE

[Todroc 6 Forbush (1958) #deife St 1) évraois tijg xoouxils axtivofolriag
7oV petpdrat glg T0 Edagoc svolonetal eig dovnTiny cvoyxétiowy pe tov delntmv Tilg
fltaxfic doaotnotbtnrog R (oyxetixdv doiduov xiidov (deintn tiis Zveixng)).

Eic ulav mooyeveotéoav doyasiav 6 x. Eavddung (1971) édwoe ulav avaiv-
oy oyéowv, 1 Omota ouvdéer v EEaunviatav Evracty tig xoouwxils dxtivofo-
Mag tob otaduod tiic Washington ug tov delutmv tiig fAtaxiic doactmordn-
toc o (delntnv t@v Eufadv) xai tov Gordpnov t@v Nhaxdv Exhdupewy TV TEW-
tovimv. ‘H oyxéoic adri) evoédn G loyver Sk tov 190V fhiaxdv xixhov pé dia-
ooy Qdoeme NeTaly THg Evidoswg Tiig ooutxils axtivoforiag rai tod deintov R,
gvog meolmov Erove. Kata 1o mapehdov #tog 6 Chirkov xal Kuzmin, &dwoav
utav avalvtinyy oyéowy petafy Tiig Evidoewg mov guetehdn eig TOV otaduov Tod
Yakutsk S tov 190V xai 200V xixhov ae’ évog xai tob douduod Wolf, (delntov
e fhariic doastnoidtnrog) xoi TOD yewpayvnTxod deixtov ToU oraduod
ag’ £régov.

Eic tv mapoloav goyaciay TEOXeLéVOy Vi OWOWUE UlUV YEVIXOTEQUY OYE-
owv petald Tig vidoswg tiig ®oouxilg axtivoPoriag, mov perodrar £ig T0 Edagog
aq’ €vog xal TtV dtapbomv NAtaxdv xol YEOUOYYNTIXOV OExT®V GQ’ ETEQOV
guehetioaue v Evdexasti) dapdpopwoty tiig évrdoewg tilg ®oouixils dxtivoforiag
dia v meotodov 1965 -197H (2005 Hhiandg xdxhog), yonoiwomoidvrag o dedo-
uéve &vvéa otadudv diagdoov v. thdtovg. Ebeédn 8¢ 6t f Evraowg tilg xooput-
#ic anmwvoBoMag I #al tdv évvéa adr@v oradudv ddvarar v Vmohoyiovi

&% 1g oyfosmg :
I =C—10"°(KR 4 4N, + 124,)

dmov C, xal K (uéroov 1ot K) oradepal Eaprduevar yooumndg & tijc yewupo-
vyt dvoxappiag tod otaduod, R: 6 deixtng 1@V Hhondv anhidwy (Selnng
tiig Zuolyng) mob éxpodler tiv il dgaotyotdtnra, Np: 6 doudnog tdv yeyo-
vétov mov moosxdlesav td mwtdvia, Ap: & yeowayvnrikog delntng 1 delxing
tod Bartel. ‘H yoovuy xadvotéonolg petafy tol dsixtov R xat tiig évrdoewg
Tiic #oowiniic axtvoBolriag eboédn meolmov 2 pijveg dud tov 200V xixdov.

Al Unoloyiodeioar vidoeig Pdoer thig dvmtéow oyfosmg StapEgovy TMV

netondeta®dv rate 5% - 9% . [Moorewévoy va dodfi uie uowxy EEvymerg Tiic
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avotéom dumeloinils oyxfocmg, &xomolnomotjoauey T0 medtumov MAoaxod Gvéuov
100 Simpson, 10 G6motov &yevixevoaue S tovg teelg Odsixtag R, Np, Ap.
Evgédn oltw davdroyog meog thv gumeounny oyéowv pia dewontint) oxéolg uetaby
v I, R, Np »al A, xal dredelydm 6t 6 ovviereotng C mapiotd thv yahatiaxiv
axtwvoPoria v 6 ovvredeotnc K &Eagrdtar éx tijg uetafohriis tiig éxtdoswg tdV

TOMADV CTEUUATIXDV 0DV, %ol GO TNV YEOUayvNTIXNY dvoxaupioy.
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