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The study deals with short-term variations of cosmic ray intensity during the interval from 1991 to
1994. The occurrence of a large number of high and low amplitude anisotropic wave train events
(HAEs/LAEs) is examined. The correlation between these unusual anisotropic events and SWP/IMF
parameters is studied to locate the possible cause responsible for occurrence of these types of events.
Our results indicate that the time of maximum of diurnal variation shows a remarkable systematic
shift towards earlier hours for LAE; whereas it remains in the 18-Hr direction for HAE. It is also
noteworthy that the occurrence of low as well as high amplitude anisotropic wave train events is
independent of nature of IMF polarity.

INTRODUCTION

Special type of consecutive days having abnormally
high or low amplitudes in daily variation of cosmic
rays (CR) have been reported several times earlier
with explanation of sources and sinks in anti-gar-
den-hose and garden-hose directions. The exist-
ence of high and low amplitude anisotropic wave
trains was revealed through the long-term study of
cosmic ray intensity. The average characteristics of
cosmic ray diurnal anisotropy are adequately ex-
plained by the co-rotational concept [6, 7, 20].
This concept supports the mean diurnal amplitude
in space of 0.4 9 along the 18 Hr direction using
the worldwide neutron monitor data. However, the
observed day-to-day variation both in amplitude
and time of maximum, and the abnormally large
amplitudes or abnormally low amplitudes of con-
secutive days, cannot be explained in corotational
terms. Periods of unusually large amplitude often
occur in trains of several days. The amplitudes of
these interesting variations cannot be explained by
the corotation effect, which usually predicts values
of 0.4 9. Moreover, the maximum intensity of
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diurnal anisotropy has not appeared in the direc-
tion of 18 Hr, which is the nominal co-rotational
phase [23, 28].

The characteristics of the diurnal/semi-diur-
nal/tri-diurnal variation of cosmic rays and their
variability have been continuously studied by
many workers [34]. A systematic anti-clockwise
shift of diurnal anisotropy was observed by Duggal
and Pomerantz [9] over a period of days during
the study of large amplitude anisotropic diurnal
wave trains. The occurrence of trains of continuous
days having unusually high diurnal amplitude with
a phase shift towards later hours was observed by
Mathews et al. [21] during both quiet and dis-
turbed days. These trends are caused due to a
large decrease of cosmic ray intensity along the
garden-hose direction rather than the streaming
along the anti-garden-hose direction. According to
Rao et al. [29], the phase of diurnal anisotropy
shifts towards later hours due to enhanced radial
streaming. The trains of days having negligibly
small diurnal amplitude are also observed [1].

A large day-to-day variability is exhibited in the
solar diurnal variation of cosmic ray intensity [5].
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This variability is a reflection of the continually
changing conditions in the interplanetary space
[10]. The systematic and significant deviations in
the amplitude/phase of the diurnal/semi-diurnal
anisotropy from the average values are known to
occur in association with strong geomagnetic ac-
tivity [17]. Rao et al. [29] showed that the
enhanced diurnal variation of high amplitude
events exhibits a maximum intensity in space
around the anti-garden hose direction and a min-
imum intensity around the garden hose direction.
Number of high amplitude events was observed
with a significant shift in the diurnal time of
maximum to later hours or earlier hours [18—20].
Such days are of particular significance when occur
during undisturbed solar/interplanetary condi-
tions, as the superposed universal time effects are
expected to be negligible.

Jadhav et al. [14] studied the behaviour of
semi-diurnal anisotropy for LAE by comparing the
average semi-diurnal amplitude for each event with
27-day or annual average semi-diurnal amplitude.
They found that there is no significant difference
between the two wave trains. For these LAE cases
the semi-diurnal amplitude is found to be normal,
which shows that the diurnal and semi-diurnal
anisotropies are not related to each other for these
LAEs.

The average amplitude of diurnal and semi-diur-
nal anisotropy are found to be larger than normal
during the initial phase of the stream while it is
smaller as compared to the normal during the
decreasing phase of the stream and phase is
observed to remain almost constant [2], which
infers that the diurnal as well as semi-diurnal
variation of galactic cosmic ray intensity may be
influenced by the solar polar coronal holes. The
changes were also observed in the amplitude and
phase during the high-speed solar wind streams
(HSSWS) coming from coronal holes [12, 25]. The
diurnal variation might be influenced by the
polarity of the magnetic field [27], so that the
largest diurnal variation is observed during the
days when the daily average magnetic field is
directed outward from the Sun.

The significant variations were observed in the
amplitude and phase of the diurnal anisotropy with
reversal of the average IMF in the alternate
sectors. Due to the presence of North-South
gradient in cosmic ray density, density increasing

southward, i. e., below the equatorial plane of the
Sun [11, 32, 33] the expected diurnal amplitude
will be larger and time of maximum shifts towards
earlier hours for positive IMF, i. e., away from the
Sun as compared to the days having negative IMF
polarity, i. e., towards the Sun. It was observed by
Mavromichalaki [22] that an enhanced mean diur-
nal amplitude correlates with positively directed
sectors; whereas, the amplitude is found to
decrease during sector boundaries.

The harmonics of CR intensity have also been
associated with geomagnetic conditions. The
amplitude of diurnal anisotropy increases with
increasing geomagnetic activity. The time of max-
imum is found to shift towards earlier hours as
compared to the average values for higher values
of geomagnetic field variation indices, i.e., K, or
A, [30]. This trend has been found to vary with
the change in the solar poloidal magnetic field
after 1971, i. e., the time of maximum is found to
shift towards later hours with the increase in
A -index [3, 160].

The three harmonics of HAE/LAE during 1991-
94 and their correlation with IMF/SWP parameters
are presented in this paper to investigate the
possible cause responsible for the occurrence of
these types of unusual events.

METHOD OF ANALYSIS

To study the characteristics of HAE/LAE the
events are identified using the hourly plots of
cosmic ray intensity recorded at ground-based
neutron monitoring stations and selected 16 un-
usually high amplitude anisotropic wave train
events (HAEs) and 13 unusually low amplitude
anisotropic wave train events (LAEs) during
1991—1994. The days having abnormally high
amplitude or unusually low amplitude for five or
more consecutive number of days were selected as
HAE/LAE. The pressure corrected hourly neutron
monitor data after applying trend correction are
harmonically analyzed to have amplitude (%) and
phase (Hr) of the diurnal, semi-diurnal and tri-
diurnal anisotropies of cosmic ray intensity for
HAE/LAE. The data related to interplanetary
magnetic field (IMF) and solar wind plasma
(SWP) parameters were also investigated.
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Fig. 1. Amplitudes Ay, Ay/2, Ayy3 and phases Py, Py, Pys3 of the diurnal, semi-diurnal and tri-diurnal anisotropies (diamonds)
alongwith quiet day annual average values (dots) for LAEs and HAEs during the period from 1991 to 1994

RESULTS AND DISCUSSION

Fig. 1, a—c give the amplitude and phase of the
diurnal (4,, P, semi-diurnal (4,,, P,;) and
tri-diurnal (4,,;, P,,;) anisotropies of cosmic ray
intensity for each LAE alongwith the correspond-
ing quiet-day annual average values. The
amplitude of the diurnal anisotropy as depicted in
Fig. 1, a is observed to remain significantly low as
compared to the quiet day annual average value for
majority of the event throughout the period;
whereas, the phase has a tendency to shift towards

earlier hours as compared to quiet day annual
average value for majority of the event. Further,
the amplitude of the semi-diurnal anisotropy as
depicted in Fig. 1, » has no definite trend;
whereas, the phase shifts towards later hours as
compared to quiet day annual average values for
majority of the events. Furthermore, the amplitude
of the tri-diurnal anisotropy as shown in Fig. 1, ¢
is significantly higher as compared to the quiet day
annual average value throughout the period;
whereas, the phase has a tendency to shift towards
later hours as compared to quiet day annual
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Fig. 2. Amplitudes A;, Ay, Ays3 and phases Py, Py, Py;3 of the diurnal, semi-diurnal and tri-diurnal anisotropies for each LAE

and HAE alongwith Dy-index

average value for majority of the events.

Fig 1, d—7 give the amplitude and phase of the
diurnal, semi-diurnal and tri-diurnal anisotropies
of cosmic ray intensity for each HAE alongwith the
corresponding quiet-day annual average values.
The amplitude of the diurnal anisotropy as
depicted in Fig. 1, d is observed to remain
significantly high as compared to the quiet day
annual average value throughout the period;
whereas, the phase remains in the corotational
direction for majority of the event. Further, the
amplitude of the semi-diurnal anisotropy as
depicted in Fig. 1, e, is significantly large as
compared to the quiet day annual average values
for majority of the events; whereas, the phase has
no definite trend for the semi-diurnal anisotropy.
Furthermore, the amplitude of the tri-diurnal
anisotropy as shown in Fig. 1, f is significantly
higher for all HAEs as compared to the quiet day
annual average value throughout the period. As it
is quite apparent from these plots, the tri-diurnal
time of maximum has a tendency to shift towards
later hours as compared to quiet day annual
average value for majority of the events; which is
in good agreement with the low amplitude wave
trains where it has also shifts towards later hours
for the majority of the events.

Fig. 2, a—c show the amplitude and phase of the
diurnal, semi-diurnal and tri-diurnal anisotropies
for each LAE alongwith the corresponding average
D, values. The amplitude of the diurnal anisotropy
as shown in Fig. 2, a is observed to remain low for
more negative values of D,; whereas, the phase
shifts towards earlier hours. It was observed that

the shift in phase of diurnal anisotropy towards
earlier hours is independent of the decrease in the
values of D, in respective of events. Further, the
amplitude of the semi-diurnal anisotropy as shown
in Fig. 2, b is found to remain low for more
negative values of D, likewise the amplitude of the
diurnal anisotropy; whereas, the phase has no
definite trend as amount of scattering is very large.
Furthermore, the amplitude of the tri-diurnal
anisotropy as shown in Fig. 2, ¢ is found to be
lower for more negative values of D, likewise the
amplitude of the diurnal and semi-diurnal
anisotropy, showing a correlation between the
amplitude of the first three harmonics and D,-
index for the low amplitude anisotropic wave train
events. However, no significant correlation between
tri-diurnal phase and D, -index was found, as the
scattering is very large.

Fig. 2, d—f give the amplitude and phase of the
diurnal, semi-diurnal and tri-diurnal anisotropies
for each HAE alongwith the corresponding average
D, values. The amplitude of the diurnal anisotropy
as shown in Fig. 2, d is observed to remain high
for more negative values of D_; whereas, the phase
remains in the corotational direction. Further, the
amplitude of the semi-diurnal anisotropy as shown
in Fig. 2, e is found to remain high for more
negative values of D, likewise the amplitude of the
diurnal anisotropy; whereas, the phase has no
definite trend as amount of scattering is very large.
Furthermore, the amplitude of the tri-diurnal
anisotropy as shown in Fig. 2, f is found to be high
for more negative values of D, likewise the
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amplitude of the diurnal and semi-diurnal
anisotropy, pointing to a correlation between the
amplitude of the first three harmonics and D_-
index for the high amplitude anisotropic wave train
events. However, no significant correlation between
tri-diurnal phase and D -index was found, as the
scattering is very large.

Fig. 3, a—c give the amplitudes (%) and phases
(Hr) of diurnal, semi-diurnal and tri-diurnal
anisotropies for all the LAE events with the
variations in the associated values B, of z-com-
ponent of interplanetary magnetic field. It is ob-
servable from these plots that the amplitude of the
diurnal anisotropy for positively directed IMF
(+B) is significantly large for majority of the
events; whereas, the amplitude remains sig-
nificantly low for negatively directed IMF (-B)
for most of the LAE events. The diurnal time of
maximum for both positive and negative polarity of
B_has a tendency to shift towards earlier hours as
compared to co-rotational value for all the LAE
events, which is in good agreement with the earlier
trends reported by Hashim and Bercovitch [11]
and Kannanen et al. [15], for the period 1967—
1968, i. e., for positive or away polarity of IMF,
the amplitude is high and phase shifts to early
hours; whereas, for negative or towards polarity of
IMF the amplitude is low and phase shifts to early
hours as compared to co-rotational value. For
semi-diurnal anisotropy the amplitude of semi-
diurnal anisotropy is evenly aligned for both
positive and negative polarity of IMF for all LAEs.
Further, for tri-diurnal anisotropy the amplitude is
evenly aligned for both positive and negative
polarity of IMF for majority of the LAEs.

Fig. 3, d—f give the amplitudes (%) and phases
(Hr) of diurnal, semi-diurnal and tri-diurnal
anisotropies for HAEs with the variations in the
associated values of B.. It is quite apparent from
these plots that the amplitude of diurnal anisotropy
is evenly aligned for both positive and negative
polarity of IMF for all HAEs. The amplitude of
diurnal anisotropy for both towards and away
polarity is higher and phase shifts towards earlier
hours as compared to the co-rotational values for
most of the HAEs, which is in partial agreement
with the earlier findings [11, 15] for the period
1967—1968. In case of semi-diurnal anisotropy the
amplitude is evenly aligned for both positive and
negative polarity of IMF for all HAEs. Further, for

tri-diurnal anisotropy the amplitude is evenly
aligned both positive and negative polarity of IMF
for most of the HAEs.

An enhanced mean amplitude of diurnal
anisotropy correlates with positively directed sec-
tors while the amplitude of the diurnal anisotropy
seems to decrease during sector boundaries [22],
which significantly differs from our findings; that
is the occurrence of low as well as high amplitude
anisotropic wave train events is independent of
nature of IMF polarity. The trends we found in
this study for LAE reveal that for both away and
towards polarity days the time of maximum for
diurnal anisotropy shifts towards earlier hours
with an exception for one event; whereas, for HAE
during both away and towards polarity days the
diurnal time of maximum shifts towards earlier
hours with an exception for one event.

Fig. 4 shows the frequency histogram of solar
wind velocity for all HAEs/LAEs. It is quite
observable from these plots that the majority of the
HAE/LAE events have occurred when the solar
wind velocity lies in the range from 400 to 500
km/s, i. e., being nearly average. Usually, the
velocity of high-speed solar wind streams
(HSSWSs) is 700 km/s [25]. Therefore, it may be
deduced from these plots that HAE/LAE events
are not caused either by the HSSWS or by the
sources on the Sun responsible for producing the
HSSWS such as polar coronal holes (PCH) etc.
Thus, we may infer that HAEs/LAEs are weakly
dependent on solar wind velocity, which is in
agreement with earlier findings [25] and sig-
nificantly contradicts the earlier results reported

LAE

HAE

300 400 500 600 700
V, km/s

Fig. 4. The frequency histogram of the solar wind velocity for all
LAEs and HAEs
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by lucci et al. [13] and Dorman et al. [8], that
the solar diurnal amplitude is enhanced during the
HSSWSs coming from coronal holes. According to
Ahluwalia and Riker [4], there is no relation
between solar wind speed and diurnal variation in
high rigidity region. The modulation of solar
diurnal anisotropy is weakly or less dependent on
the solar wind velocity [25]. No significant dif-
ference was found between the variation of diurnal
vectors in high-speed days and the days; when,
the speed is normal. Recently Shrivastava [31]
concluded that both the flare generated streams
(FGS) and co-rotating streams (CS) produce
short-term transient decreases in cosmic ray inten-
sity for the period from 1991 to 1996; whereas
medium range (5- to 6-day duration) solar wind
streams are found to be more effective in produc-
ing cosmic ray transient decrease. On close inspec-
tion of both data on neutron monitor (NM) and
muon telescope (MU), Munakata et al. [24] found
that the modulation of the diurnal anisotropy by
the high speed solar wind streams may occur
through two different processes; one is that many
already reported that with the development of the
HSSWSs the diurnal waves are enhanced, and are
observed by both NM and MU, and the other is
that along with the decline in the HSSWSs the
diurnal waves are again enhanced, and are rather
observed by NM.

CONCLUSIONS

On the basis of our investigation the following
conclusions are made:

1. The diurnal time of maximum is shifted to
earlier hours as compared with the quiet day
annual average for LAE; whereas it remains in the
co-rotational direction as compared to the quiet
day annual average for HAE for majority of the
events.

2. The phase of semi-diurnal anisotropy for LAE
shifts towards earlier hours as compared to the
quiet day annual average for majority of the
events; whereas, it has no definite trend in case of
HAE. However the phase of tri-diurnal anisotropy
for LAE as well as for HAE is shifted to later
hours as compared to the quiet day annual average
for majority of the events.

3. The occurrence of low and high amplitude

anisotropic wave train events is independent of
nature of IMF polarity. The diurnal time of
maximum for both positive and negative polarity of
B_has a tendency to shift towards earlier hours as
compared to co-rotational value for all the LAE
events; whereas, it shifts towards earlier hours as
compared to the co-rotational values for most of
the HAEs.

4. The occurrence of LAE/HAE is dominant
when the solar wind velocity is being nearly
average. This reveals that HAE/LAE events are
not caused either by the HSSWS or by the sources
on the Sun which are responsible for producing the
HSSWS such as polar coronal holes (PCH) etc.
Thus, we may infer that HAEs/LAEs are weakly
dependent on solar wind velocity.

5. First three harmonics of diurnal amplitude
significantly correlates with D _-index. Diurnal
time of maximum shifts towards earlier hours for
LAE; whereas, it remains in the co-rotational
direction for HAE. The shift in phase towards
earlier hours for LAE is independent of D -index.
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MIXITTAHETHI ITEPEMIIITEHHA,

10 BUKJUKAIOTH HE3BUYANMHI AHI30TPOITHI
XBUJBOBI IMTAKETHU B IHTEHCUBHOCTI
KOCMIYHUX ITPOMEHIB

Paozcew K. Miwupa, Pexa Azapean Miwpa

Po3arngparoTecs KOPOTKOTpUBAJIL Bapianii iHTEHCUMBHOCTI KOC-
MiuHMX TpoMeHiB Ha iHTepBani 1991—1994 pp. Hocaimxeno
BUHUKHEHHS BEJMKOI KiJBKOCTi BUCOKO- i HM3bKOAMIUTITYAHHUX
AQHI3OTPOIMHMX XBWJIBOBUX MAKETiB. BHBUEHO KOpEJALilo Mix
UMU HE3BUYANHUMM aHi30TPOIMHUMM SIBUIIAMM Ta MapameTpa-
MU IUTA3MU COHSYHOTO BiTPY i MiIXKIJIAHETHOTO MATHITHOTO IOJIY,
mo6 3’9cyBaTU MOXKJIMBY [NPUUMHY T[OSBU HA3BAHUX SBUIIL.
Bugswioch, 1m0 MOMEHT MakcuMMyMy 000BOI Bapiamii mokasye
MOMITHUI CUCTEMATUUHUIN 3CYB y Gik OijbIl PaHHIX TOAUH 1Jid
HU3bKOAMIUIITYJHUX SBMIN, a JJI¥ BUCOKOAMILTITYJHUX SBHIIY
MOMEHT MakcumMyMmy 30epirae Hampamok Ha 18 ron. Baxmso
TAKOX BiAMITUTH, 110 BUHUKHEHHS 9K HU3bKO-, TaK i BUCOKO-
AMIUIITYIHUX aHi30TPOIHUX XBUJIBOBUX MAKETIB HE 3AJICKUTH Bif
MPUPOIU MOJIAPHOCTI MIXKIIAHETHOTO MATHITHOTO IIOJISL.



