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CHANGES IN AMPLITUDE AND PHASE
OF THE DIURNAL VARIATION OF COSMIC
_ RAY INTENSITY _

' J. DUBINSKY"), M. STEHLIK"), Kofice

Changes in both amplitude and phase of the 24-hour periodicity of the cosmic ray
intensity measured by neutron supermonitors at Lomnicky peak and Vostok are studied.
The dispersion of both magnitude and direction of diurnal anisotropy is greater during

 the disturbances in the magnetic ficld near the Earth as well as during solar flares. This
dispersion is connected with the changes of the regular magnetic field direction near the
Earth. .

HU3IMEHEHNA AMILTHTY/IbI M ®A3BI CYT! OYHBIX BAPMAIIMIA
HMHTEHCHMBHOCTH KOCMIYECKMX IYYEA

B paGoTe npHBeeHb! pe3yNbTaTH! ACCIICAOBAHHI 110 HAMCHEHHIO AMILTHTYALL H asnt
CYTOUHbIX BapHalit MHTEHCHBHOCTH HEHTPOHHON cocCtaRnmoIedl KOCMEYECKHX Ayuei,
KoTopas PerncTpHpoBanach MpH NOMOLM HeiTPOHHOIO CyNCPMOHHTOp2 HAa CTAHIMH
, JoMuuIrks LITHT" ¥ CTAHIMH ,BocTok". BuiscHeHo, ITO JBCTiepcs 00SHX BENHYHH
W HampaBieHuA RHeBHOH aHK3OTPONHHA Gonbllie BO wvm:!uou.zwn_ﬁiw MArHHTHOTO NOJIA
p6mU3N 3eMIH B BO BpeMs CONHEUHBIX xpomoc(epHBIX BCUIBILICK. Sra pHCTICpPCHI
cpslaHa ¢ W3MCHEHHMAMH  PEryJispHOTO MeXIUIAHETHOTO MATHWTHOrO TOMA BGMH3N
Bemin.

1. INTRODUCTION

It is known that during the cosmic ray intensity fluctuations some periodical as
well as quasiperiodical changes — variations and microvariations [1—2] can be
observed. The latter are caused by solar activity (long-time variations), by changes
of the atmosphere and of the. Earth’s magnetic field, or by changes in an
interplanetary medium structure. , ‘ ._ ) .

By observing cosmic ray intensity fluctuations with a neutron supermonitor on
the Earth’s surface with the asymptotic latitude A <90° it can be found that the
mentioned variations have been modulated by a frequency fo=1 day’..
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Let us consider cosmic ray charged particles with energy from the sphere of the
neutron supermonitors sensitivity (~ 10 GeV) flowing in the Earth’t vicinity.
Changes in the interplanetary magnetic field structure bring about consequent
changes in the instantaneous direction of cosmic ray anisotropy and, in accordance
with the solar activity variations as well as other parameters of the Earth’s magnetic
field, have an influence upon. anisotropy variations. As aresult of this there appear
changes in the m:.G__Eaa and. urmmn of ‘the wo.o»:oa diurnal variation.

Duggal and ‘Pomerantz UH were ocmn:::m the diurnal ‘anisotropy vector
changes during the high solar and magnetic activity in July 1961. The Fourier
analysis revealed an evident turning of the diurnal anisotropy vector (counter
clockwise) after the Forbush decrease on July 18th, 1961 ; see also [4—5].

Power spectrum variations in cosmic ray during geomagnetic disturbances
connected with the power spectrum of the interplanetary. magnetic.field are
referred to for instance, in [6~—7]. The authors have found that in the course of
“disturbances” the contribution of the particular frequencies was in the range from

107° to 10~° Hz (i.e. 11 days — 1 min) and, conseeuently the amplitude of the
particular frequencies as well.

I.. POWER ‘SPECTRUM OF COSMIC. RAY: INTENSITY

Let us assume that:the “magnetic field B in the interplanetary medium is
homogeneous and the. distribution of its random component B, isotropic. Then
therefore holds for Go power spectrum of cosmic ray ES:EQ WASV anmEda on
the Earth’s surface the relation El.o_

in which B(w) is the power spectrum of the magnetic field intensity fluctuations, B,
is the regular component of the magpetic field, V7 is the gradient of the cosmic v
density, A is the mean transport particle path and R; is the Larmor radius in the
field Bo. G and G, are the constants ~ 1. The second: Bo:._uon EAC is E:Tvsono
only for cos® 1>0, i.e. for :o:.vo_»n stations only. - .

An ordinary shape of the power spectrum B(w) is v_,onon.o:m_ to AS + E&«S
while 271/ w0 =1, is the mean time of the magnetic field correlation. It is obvious
that for the frequency w > w, there is B(w)~ ™" Most nxvo::-o:ﬂm_ <m_=am of 30
index' v are in the interval from 1.3 to 2.0 {10—11].

- Fig. 1 shows the power spectrum of the cosmic ray intensity computed from the
values measured in 1 hour intervals from March 1st,1979 to December 31st, 1979
by means of the neutron supermonitor on Lomnicky peak (full line). The threshold
rigidity Ro=3.9 GV. For the power spectrum computation the m_mo:EB TUKEY
[12] was used with a maximum lag M =199 hours. The dashed line corresponds to
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Fig. 1. Power spectra of Lomnicky peak pressure-corrected neutron hourly data (LP) and of Vostok
En%ﬁn.ooﬂnﬁ& neutron hourly data (VO), see test.

the dependence f~'*°. The thin line 820%0:& to a theoretically supposed form of
the power spectrum according to 1, provided v=1.85. For comparison there is in
this figure also the power spectrum found from the hour values of the Vostok
station whose threshold rigidity approaches zero. The peaks in the power spectrum
have been shown to be insignificant.

Since the phase and the amplitude of the anisotropy vary, the peak should not
approach the delta function, regardless of the frequency resolution. Instead, there
should be a increase of the power by about f=1 day™’, connected with the phase
and amplitude variations. Note that the integral of the power spectrum under the
main lobe peak at f =1 day™" corresponds to a root mean square anisotropy [13].

The non-zero width of the peak corresponding to the daily variations is due to
our assumption during computations of a random component B, isotropically ,
distributed on the background of the regular field Bo=B — B.. (Direction B varies
according to its value Bo, the vector ?. being included at an m:m_o W=45° between
the Sun — the Earth). «

In the following we shall study a.o problem of the changes of both the amplitude
and the phase of diurnal variations in the period mentioned above.



. THE AMPLITUDE AND THE PHASE OF THE DIURNAL
VARIATION

The Lomnicky peak neutron hourly data from March 1st, 1979 to December
31st, 1979 were divided into-3 parts, each of 102 days. For every part the
calculations given below were performed. The final result is the average of these
three parts. For every i day the amplitude A; and the phase ¢; were computed:

A;i=Va;+bi, tg@=bla,

23 . 23 .
where a,=(1/12) D, I, cos @sJ, bi=(1/12) >, I; sin w4, w24 =27/24 and L is the

i=0 =0
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Fig. 2. Distribution of diurnal anisotropy v__wmn.
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Fig. 3. Distribution of diurnal anisotropy amplitudes.

intensity at the j-hour. The phase @ was computed from ¢; with a weight of A,/ 07,
where o7 is the variance for 24 hours.

If we take into consideration the geographic longitude of Lomnicky peak
(20.22°E) and define @ =0 in the direction of the cosmic ray intensity anisotropy,
we can obtain the distribution of ¢ given in Fig. 2. The value § is equal to ¢ times
the corresponding weight. The mean phase is ¢ =(16.6 £2.6) hour, i.e. the mean
deviation of the anisotropy vector according to its mean direction is A®=40°.

“’The mean amplitude of the diurnal variation is 0.29 %. Its distribution is shown
in Fig. 3. Both the drab maximum and the relatively long “tail” of this distribution
are connected with the fact that the considered period is charakcterized by frequent
disturbances in both the interplanetary medium and the Earth’s magnetic field [1].
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Fig. 4. Changes of the diurnal anisotropy vector during the days in which the K, -index was increased,
see test.

IV. CHANGES OF THE DIURNAL ANISOTROPY PHASE

In order. to find the diurnal variation phase dependence upon the Earth’s
magnetic field changes we selected the days with the increased planetar K,,-index
(Amin= +2) from the period from March 1st, 1979 to December 31st, 1979,
altogether 33 cases. In every case we denoted the day in which the K,-index
increased as the zeroth one all and we computed both the amplitude and the phase
in three days: —1, 0, +1. In Fig. 4 there is the vector diagram of the obtained
mean values at the local time. One can clearly see the shift of the phase to early
hours on the 0-th day and the opposite shift in the — 1st day due to the mean value
of the anisotropy direction. Numerically (U.T.):

— 1st day — 18.9 hour, Oth day — 13.8 hour, + 1st day — 16.6 hour.



V. CONCLUSION

The increase of the diurnal anisotropy amplitude of the cosmic ray intensity
depends on the state of both the heliosphere and the. Earth’s magnetosphere. It
follows from Figs. 3 and 4 an increase of the amplitude for the disturbed days. The
anisotropy-directian (phase) changes near the value 16.6 hour (U.T.). Simultane-
ously the conforming character of the change in this direction can be observed for
the days with an increased K,-index: The phase is delayed the day before the
disturbance and laggs behind the mean phase during the disturbed-days.

The diurnal anisotropy vector turns counter clockwise and the full revolution
(27) lasts approximatedly 8 days [4]. Unlike this, the diurnal anisotropy vector
returns into the mean direction during 2 days in the case of short-time geomagnetic
disturbances, when the increase of the K,-index has lasted a few hours.

A study which is in progress, will report upon the observed diurnal anisotropy as
well as its relationship to the power spectrum of the interplanetary magnetic field.
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