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Abstract: The diurnal variations of GCR intensity observed by the gcbdM stations represent the
anisotropic GCR flow at 1 AU. It is generally believed that ttagiation of the local time of the GCR
maximum intensity fhase) has 22-year period of two sunspot cycles. However, theza exists doubt
on such anisotropy variation cycle. In order to determire dicle of GCR anisotropy variation, we
carried out the statistical study on the diurnal variatidrploase. We examined the 52 years data of
Huancayo (Haleakala), 38-year data from Rome, 42-yearfdata Oulu NM stations. We applied the
F-test to determine the statistically meaningful periocdwisotropy phase variation. The phase variation
has two components of 22-year and 11-year cycles. The NNbstat the high latitude (low cut-off
rigidity) shows mainly the 22-year cycle. However, the lovlee latitude of NM station is, the higher
contribution from 11-year cycle.

Introduction the different effect such as drift or diffusion. Thu
the phase of the diurnal anisotropy consists of tw
The diurnal variation of GCR count rate mea- components, such as one and two sunspot cycl

sured by the ground NM station represents the The previous studies on the diurnal variation ¢
anisotropic flow GCR at 1 AU. The indication concentrated on the mechanism and anisotrop
that the local time of the GCR maximum intensity diurnal variations. Now we examined the stat
(phase) of GCR diurnal anisotropy varies with a tical study on the diurnal variation with the fo
period of two sunspot cycles ([1], [2], [3]). lowing aims. First, we examine the character
However, the other researchers ([4], [5], [6]) has tic differences of the phase variations among
questioned the existence of 20 year wave as well NM stations sited at different latitudes and lo
as its interpretation in terms of drift theory. gitudes (Oulu, Rome, and Huancayo-Haleaka
The papers of [7], [8], [9], [10], and [11] men- Secondly, we_investigate the long-term cha_nge
tioned that the diurnal anisotropy consists of two 1€ Phase during the solar cycle 20-23 and find
components of the dominant wave with a period dependency on the solar activity of the diurnal ve
of two sunspot cycles and the minor wave with a &tons-
period of one sunspot cycle. However, [12] sug-
gested that the dominant 1_1—year periodicity wave Data and Results
was observed from Deep River and Goose Bay NM
data. Thus, interpretation of the mechanism in the
diurnal variation has been still a matter of debate. ) .
[13] suggested that the important contributions in e analyzed the hourly GCR intensity da
the variation of the diurnal anisotropy are the rigid- a'chived at Huancayo (Haleakala), Rome and O
ity of particles and3 x Vn,. NMt st]f;ltlpr_lj_,t an;if e>t<am|n;3_d th((je kI)atlt;gmal etfrf]e
- (
From the results of [7], .[8]’ 91, [10], [11], and_ é%l;sg chlulsgdetheecdg]czr]frlgrr:]eHuaync[}ajc)) El?\/l sl
[13], We.caught out an.|dea f(_)r the .p'hase OT di- tion for the period of 1953-1991 and the data 1
urnal anisotropy. That is, the intensities of high-

. the period of 1992-2005 from Haleakala NM st
energy and low-energy particles are conrolled by tion as the replacement of Huancayo NM stati

1. Data and Analysis
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Table 1 describes the location and the configuration
of NM stations whose data are used in this work.

In the previous studies, the yearly mean vector of
the diurnal variation ghase direction and varia-
tion amplitude) is derived by the vector sum of
the daily vector of the diurnal variation. We call
this procedure as the ‘pick-up’ method. However,
here we introduced new method in determining the
yearly mearphase direction. [14] first applied this
method in the past. It would be called as the ‘pile-
up’ method. The GCR intensity of the each local
time is summed up for the whole year deleting the
data of FD event or GLE event dates. The yearly
mean vector of diurnal variation is derived from the
harmonic analysis on this yearly averaged GCR in-
tensity.

In short, the ‘pile-up’ method does the harmonic
analysis one time for the yearly averaged GCR
intensity hourly distribution instead of doing the
analysis on daily noisy data like Figure 1.a as an
example and later summing up the vectors for the
whole year. Thus our new method has three ad-
vantages. 1) It uses very smoothly distributed data
without applying any smoothing filters as shown
in Figure 1.c. 2) It also gives a view on the yearly
mean GCR intensity directional variation with re-
spect to the sun. 3) It saves the time and labor in
calculation of harmonic analysis.

Figure 1 compares the results from the data of
the year 1999 at Haleakala NM station. Figure
1l.a is an example of diurnal variation for one day
(1999.02.28). Figure 1.b and Figure 1.c are the
results from the pick-up and pile-up method for
whole year of 1999.

2. Results

Figure 2 indicates the yearly meaghase. As

it goes from the high-latitude to low-latitude, the
phase gets at the earlier time. And thphase vari-
ation with the period of two sunspot cycles gets
weaker and disappears. We found ghase varia-
tion by the latitude from Figure 2.

We applied the F test on the sine curve fits using
the results by the least sum of squares. Table 2
indicates the results of the F test at each NM sta-
tion. We compared the sine curve fit with super-
posed period of one sunspot cycle and two sunspot
cycles, with the sine curve fit with the period of
two sunspot cycles respectively in application of
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Table 1: Configurations of the NM stations.

Geographic Geomagnetic
NM Station Latitude Longitude Latitude Longitude Cut-affidity Data period Local Time
Huancayo 12.03S 75.33 W 2.06S 3.47TW 1292 GV 1953-1991 -—@Obh
Haleakala 20.72N  156.28W 21.35N 88.44 W 1291 GV  1992-2005 T—1Dh
Rome 41.90N 1250E 42.09N 93.55E 6.32GV  1967-2004 +0Th
Oulu 65.05 N 2547E 61.97N 117.07E 0.81 GV  1964-2005 H0Zh

the F statistic. At the level of significance with the of one sunspot cycle and two sunspot cycles,
value of 0.05, the critical F-ratio for rejection re- the two components are all major at low-latitu:
gion, P-value, the F-ratio of comparing among the NM station on this study.

sine curve fits are listed in Table 2.

] Summary

Oulu

--- Rome

11 @ 9N B N e Huancayo | —

1. At the solar maximum, th@hase gets later
about 2-3 hours than at the solar minimum.

I = ]
“r N\ /\F\\ ﬁ 2. In view of the location, that is, the latitude

L \ , . S NM station, there exists the period of two sunsy
2rg NN SNSaNHE cycles in the yearlyphase exclusive of Huancayc
R Al ] with high cut-off rigidity. The yearlyphase oscil-
0 7 lates with the superposed period of one sunspot
cle and two sunspot cycles at Huancayo NM s
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Year 3. As the latitude of NM station gets higher, tt
phase gets delayed, that is, thghase is from near
the noon to afternoon.

Yearly mean phase
A\

Figure 2: Yearly meaiphases at Oulu, Rome, &

Huancayo NM stations. The solid line stands for

Oulu, the dashed line indicates Rome, and the dot- Acknowledgements
ted line represents the Huancayo NM station.

The data we used are archieved by Oulu M
From the comparison between the sine curve fit station operated by Sodankyla Geophysical (
with the superposed period and that with the period servatory (NSF Grant ATM-0339527), Huanca
of two sunspot cycles, the sine curve fit with the & Haleakala NM stations controlled by Spa
superposed period is also more appropriate. ThePhysics Data System in University of New Ham
small F-ratio at Oulu and Rome NM stations sug- shire (NSF Grant ATM-0339527), and Rome N
gests that the yearly meahase varies with the station (SVIRCO NM) supported by IFSI/INAF
period of two sunspot cycles rather than with the UNIRoma3 COLLABORATION. We thank all
period of one sunspot cycle. these NM station managers, Dr. llya Usoskin, I

As the NM station is located at higher latitude and Clifford Lopate, and Dr. Marisa Storini.
has lower cut-off rigidity, the sine curve fit with the
period of two sunspot cycles is consistent with the
real yearly mearphase better. As the NM station
has higher cut-off rigidity and is located at lower
latitude, the yearly meaphase varies with the su-
perposed period. As Forbush ([7], [8], [9]) sug-
gested in the past, the yearly meatrase consists
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