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The variations of the 
osmi
 ray intensity observed at the Earth re�e
t the various solar a
tivities

through the variations of solar wind plasma that �lls up the heliosphere. Thus, the 
orrelation

studies between 
osmi
 ray intensity variations and the interplanetary plasma parameters, su
h as

the solar wind speed, the dire
tion, and the strength of interplanetary magneti
 �eld (IMF), are

expe
ted to provide important information on the spa
e weather near the Earth.

We have observed the 
osmi
 ray intensity with the large a

eptan
e GRAPES-3 muon teles
ope,

lo
ated at Ooty in south India sin
e 2000. We have obtained interesting results 
on
erning the

diffusion 
oef�
ient of 
osmi
 rays near the Earth from the regression analysis with the solar

wind speed [Kojima et al., Phys. Rev. D 98 (2018) 022004℄.

In this 
onferen
e, we will report the results of the regression analysis of the 
osmi
 ray intensity

variations with the IMF.
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1. Introdu
tion

We have obtained the relations (Regression 
oef�
ients) between the variations of the 
osmi


ray intensity observed by the large a

eptan
e GRAPES-3 muon teles
ope (G3MT, 560m

2

) [1℄ at

Ooty (11.4

Æ

N latitude, 76.7

Æ

E longitude and 2200 m altitude) in India and the variations of the

solar wind velo
ity [2℄. We also have obtained the radial density gradient of Cosmi
 rays near the

Earth from the amplitudes of phase reversal of Cosmi
 ray sidereal anisotropies on the polarity of

the interplanetary magneti
 �eld (IMF) [3℄[4℄[5℄. From these quantities and the one dimensional

Parker's diffusion 
onve
tion equation [6℄ whi
h explains the propagation of Cosmi
 rays in the

Heliosphere, we dedu
ed the diffusion 
oef�
ient of the Cosmi
 rays in the IMF plasma [7℄. Then,

we 
an explain the role of the variation of the solar wind velo
ity on the propagation pro
ess of

the Cosmi
 rays in the Heliosphere. Our next step of the investigation is to bring out the a
tual

pro
esses whi
h determine the value of the diffusion 
oef�
ient(k).

In the pro
ess of the Cosmi
 ray propagation (diffusion and 
onve
tion), Cosmi
 ray parti
les


ollide not with plasma parti
les but with irregularities of IMF frozen in the plasma. So, properties

of IMF would determine the value of diffusion 
oef�
ient. In this paper, we try to analyze the rela-

tionships between Cosmi
 ray intensity variations (DI

m

) observed by G3MT and three parameters

of IMF supplied by OMNI2 data base [8℄ : solar wind velo
ity (DV

SW

), magneti
 �eld (DB), and

root mean square of irregularities of the magneti
 �eld (Ds

B

).

2. Data analysis

We have investigated the relationships between DI

m

, DV

SW

, DB and Ds

B

by the regression

analysis. The preparation pro
edure of the requisite data set is the same as a previous analysis in

the paper of Kojima et al. (2015) [2℄. In the previous analysis, we only have used the data of DI

m

and DV

SW

during 6 years from 2000 to 2005. In this analysis, we have added the data of DB and

Ds

B

, and analyzed the all daily means obtained during 17 years from 2000 to 2016. In order to

remove slow variations with periods longer than 27-day, su
h as a 11-year solar 
y
le, ea
h data

set have been pro
essed by using the 27-day high-pass �lter, as before.

2.1 Simple linear regression analysis

At �rst, we have performed simple regression analysis to ea
h dependen
e of DI

m

on DV

SW

,

DB, and Ds

B

respe
tively in Figure1, 2, and 3.

Figure 1 shows the dependen
e of DI

m

on DV

SW

. The regression relation between them is

expressed with an equation as follows : DI

m

= a

1

DV

SW

+b

1

with a 
oef�
ient a

1

= �0:0010�

0:00005, this represents a statisti
al signi�
an
e of about 20s (one standard deviation).

Figure 2 shows the dependen
e of DI

m

on DB. The regression relation between them is ex-

pressed with an equation as follows : DI

m

= a

2

DB+b

2

with a 
oef�
ient a

2

= 0:0140� 0:0022,

this represents a statisti
al signi�
an
e of about 6:4s .

Figure 3 shows the dependen
e of DI

m

on Ds

B

. The regression relation between them is

expressed with an equation as follows : DI

m

=a

3

Ds

B

+b

3

with a 
oef�
ient a

1

= 0:0185�0:0047,

this represents a statisti
al signi�
an
e of about 3:9s .

1



P
o
S
(
I
C
R
C
2
0
1
9
)
1
1
5
1

GRAPES-3 muon teles
ope A. Oshima

300− 200− 100− 0 100 200 300
 [km/s]SWV∆

1.5−

1−

0.5−

0

0.5

1

1.5

2

 [%
]

µI∆

Figure 1: Regression 
hart of DI

m

vs. DV

SW

with a regression line : DI

m

= a

1

DV

SW

+b

1

(red).
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Figure 2: Regression 
hart of DI

m

vs. DB with a regression line : DI

m

= a

2

DB+b

2

(red).

From the above results, it is obvious that three quantities we have examined (DV

SW

, DB, and

Ds

B

) are not independent with ea
h other. In order to 
on�rm the dependen
e between them, the

regression relations are shown in Figure4, 5, and 6, below.

Figure 4 shows the relation between DV

SW

and DB. The regression relation between them is

expressed with an equation as follows : DB = a

4

DV

SW

+ b

4

with a 
oef�
ient a

4

= �0:0025�

0:0003, this represents a statisti
al signi�
an
e of about 8s .

Figure 5 shows the relation between DV

SW

and Ds

B

. The regression relation between them

is expressed with an equation as follows : Ds

B

= a

5

DV

SW

+b

5

with a 
oef�
ient a

5

= 0:0022�

0:0001, this represents a statisti
al signi�
an
e of about 22s .

Figure 6 shows the relation between DB and Ds

B

. The regression relations between them are

expressed with equations as follows : Ds

B

= a

6

DB+b

6

with a 
oef�
ient a

6

= 0:2836�0:0050,

this represents a statisti
al signi�
an
e of about 57s and DB = a

7

Ds

B

+ b

7

with a 
oef�
ient

2
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Figure 3: Regression 
hart of DI

m

vs. Ds

B

with a regression line : DI

m

= a

3

Ds

B

+b

3

(red).
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Figure 4: Regression 
hart of DB vs. DV

SW

with a regression line : DB= a

4

DV

SW

+b

4

(red).

a

7

= 1:3127�0:0233, this represents a statisti
al signi�
an
e of about 56s .

2.2 Multiple linear regression analysis

As the results shown in the previous subse
tion, we have 
on�rmed that three quantities (DV

SW

,

DB, and Ds

B

) are not independent with ea
h other. So we have to have examined the dependen
ies

of DI

m

on DV

SW

, DB, and Ds

B

altogether by a multiple linear regression analysis with an equation

of

DI

m

= a

V

DV

SW

+a

B

DB+a

s

Ds

B

+b

0

:

and we have obtained three partial regression 
oef�
ients as follows :

a

V

= �0:0011�0:00005 with 22s ;

a

B

= �0:0038�0:0028 with 1:4s ;

3
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Figure 5: Regression 
hart of Ds

B

vs. DV

SW

with a regression line : Ds

B

= a

5

DV

SW

+b

5

(red).
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Figure 6: Regression 
hart of Ds

B

vs. DB with regression lines : Ds

B

= a

6

DB+ b

6

(red) and DB =

a

7

Ds

B

+b

7

(bla
k, dashed).

and a

s

= 0:0447�0:0061 with 7:3s :

Standardized partial regression 
oef�
ients have also been obtained as�0:2969,�0:0239, and

0:1295 respe
tively.

3. Results and dis
ussions

In this paper, we have investigated the relationships between DI

m

, DV

SW

, DB, and Ds

B

by the

regression analysis. The results are summarized in the Table1.

Looking at this table 
arefully, you 
an �nd that the partial regression 
oef�
ient of DI

m

on

DV

SW

(a

V

) is almost the same value, with about 20s , as the simple regression 
oef�
ient between

the same pair (a

1

). This agreement indi
ates that the relationship between DI

m

and DV

SW

is very

4
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Table 1: Regression 
oef�
ients.

DV

SW

(km=s) DB(nT) Ds

B

(nT)

I

m

(%) a

1

=�0:0010�0:00005 � �

I

m

(%) � a

2

= 0:0140�0:0022 �

I

m

(%) � � a

3

= 0:0185�0:0047

I

m

(%) a

V

=�0:0011�0:00005 a

B

=�0:0038�0:0028 a

s

= 0:0447�0:0062

DB(nT) a

4

=�0:0025�0:0003 � �

Ds

B

(nT) a

5

= 0:0022�0:0001 � �

Ds

B

(nT) � a

6

= 0:2836�0:0050 �

DB(nT) � � a

7

= 1:3127�0:0233

robust and almost independent of DB or Ds

B

. This fa
t provides a justi�
ation for our previous

analysis examined the DI

m

dependen
e on DV

SW

[2℄.

Meanwhile, the other two partial regression 
oef�
ients (a

B

and a

s

), with 1:4s and 7:3s re-

spe
tively, are somewhat different from the simple regression 
oef�
ients (a

2

and a

3

), with 6:4s

and 3:9s respe
tively. In addition the sign of a

B

(negative) is different from the sign of a

2

(posi-

tive), even they represent the same depdnden
e of DI

m

on DB. From these fa
t and from the rather

strong 
orrelation between DB and Ds

B

suggested by a

6

and a

7

, we 
annot dedu
e any de�nitive

result about the dependen
e of DI

m

on DB and Ds

B

at this stage of investigation.

In this paper, we 
on
lude that the observed variations of 
osmi
 ray intensity would mainly be


aused by the variation of solar wind speed. The dependen
e of the observed variations of 
osmi


ray intensity on the variation of IMF strength or irregularity is a remaining issue.
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