acta phys. slov. 37 (1987), No. 3

COSMIC RAY F LUCTUATIONS AT RIGIDITIES

4 — TO 180 GV
BENKO, G.') ERDOS, G..") Budapest, KATZ. M. E.})
NOSOV, S. F.3) Kiev, STEHLIK, M. Kosice

The power spectral density of cosmic ray fluctuations observed at both under-
ground and ground level during the years 1976—1980 has been calculated. The
spectral index is independent of the phase of solar cycle in the frequency range of

I INTRODUCTION

Considerable progress has been made during the past few years in the theory
of cosmic ray (CR) intensity fluctuations together with new experimental inves-
tigations at various energies and for various components of CR (I, 2]. However,
the behaviour of the fluctuations at low frequencies [3, 4] as well as in the
presence of disturbances in the 5885:083\ medium [2] shows the necessity of
further studies in this field. Namely, the value of the spectral index 4 (the power

spectrum density index) has not been unambiguously determined and the depen-
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particle energy were investigated by using the neutron monitor data from
Lomnicky §tit and Alma-Ata.

1. EXPERIMENTAL DATA

The power spectral analysis was performed using the following data basis:
(i) Bihourly intensity registrations of the hard component measured by the
Budapest muon telescopes (median rigidity of 180 GV) during 1976—1980. The
analysis was carried out for the two independent telescopes separately. The
linear trend from the data was removed.

(ii) Hourly counting rates from neutron monitors at Lomnicky $tit and Alma-
-Ata for the year 1979, the cut off rigidities of which are 4.00 GV and 6.69 GV,
respectively.

II. ANALYSIS AND RESULTS

On the basis of the Budapest data (i) the power spectral densities of the CR
intensity fluctuations were calculated separately for the T1 and the T2 telescopes
for the years 19761980 (see Fig. la, and Fig. 1b). At the first glance one can
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Fig. la. Power spectrum calculated from the Fig. 1b. Power spectrum calculated from the
Budapest muon telescope 7, for 1976 to 1980, Budapest muon telescope 7, for 1976 to 1980
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see only a slight variation of the Spectrum between the consecutive years.
Making the usual assumption of power law frequency dependence P(fy ~
the spectral indices were obtained from the minimum to the maximum of solar
activity. Table | summarizes the results showing no significant variations of y
with an average value of 2.

Table 1|
Values of spectral indices u
YEAR 1976 1977 1978 1979 1980
T, 2.1+0.2 22+0.1 1.9 +0.1 20+0.1 1.9 4+ 0.1
u
T, 23402 20+0.1 1.9 +0.1 1.9 +0.1 1.8+0.1

The same results can be obtained when the cross-correlation analysis is
performed for the two telescopes. It is seen for 1979 in Fig. 2. Here again, the
spectral index of 2.0 gives the best fit to the data in good agreement with
theoretical expectations.

According to the theory [4—5] the power spectrum density of the CR inten-
sity fluctuations

wsﬂ% Amﬁms, W

S

where the function A is independent of the frequency f£: B(f) is the PSD of the
5885:06@ magnetic field of the form of

ww\
s + 7

and v denotes the spectral index of the interplanetary fields.

Taking into account that ABfi?~3 = 5and Jolfi = 5, (see ref, [6]) one can
easily get from equations (1) and (2) for the frequencies lower than 10-5 Hz that
P(f) ~ f~2. This law is confirmed by the measurements. For a further check of
the hypothesis of v = 2 the bower spectrum calculations should be extended up
to the range of > 5 x 10-5Hz, According to [7] in this frequency range the
spectral index remains close to 2, as well. As it was pointed out by Dorman

B(f) =

)

ral index u = 2 even when v < 2. This is in the ease when the MHD turbulence
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The rigidity dependence of the level of the fluctuations was examined by
Dorman et al. [8] in the framework of the diffusion model. According to
is theory, 4 in (1) is proportional to [(AVN)/R], where A has the meaning of
the mean free path of transport of CR in the inhomogenenous interplanetary
magnetic fields, R denotes particle rigidity and VN is the density mnm&wa of
particles. In Fig. 3 the PSD calculated on the basis of data sets of both e .mda
(ii) are shown for year 1979. The fluctuation level of particles of the rigidiries
R = 180GV is roughly by one order of magnitude lower than that of particles
seen by neutron monitors.
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Fig. 2. Cross-correlation spectrum from the Fig. 3. Power spectrum from Lomnicky wmr
Budapest muon telescopes T, T, for 1979. Alma-Ata, and Budapest for frequencies
2x 107*Hz to 3 x 10~%Hz in 1979.

From experimental results it follows that at rigidities R < 10GV we have
P(f)~ R ax~0 and in the range of 10GV to 180GV there is o —
= —0.87 + 0.09. From the proportionality

aqgé@_v

the following conclusions can be obtained for the rigidity dependence of A and
VN in the frequency range of 2 x 10~°Hz to 10~°Hz:
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I. In the range of R = 10GV, assuming A ~ R? one can obtain VN ~ R
2. In the range of 10GV < R < 180GV, assuming A ~ R’ (or A ~ R) the
results VN ~ R~ (or VN ~ R4, respectively.
We wish to mention Bergamasco et al. [9] studied experimentally obge.
ved power spectra of diurnal peaks P,and their rigidity depeendence. >mw=5_.=m
Py~ R they could for ¢ 3 similar value of about — ]

IV. CONCLUSIONS

The obtained power spectra from measurements are in good agreement with
the theoretical predictions. The basic results of the submitted paper can be
summarized as follows:

a. Power spectra of cosmic rays calculated for the years 1976 to 1980 in the
period of increasing solar activity up to the maximum show no significant

particles the term (AVN) is proportional to R. However, in the higher rigidity
Tange, up to 180GV (AVA) ~ RO in the frame of the diffusion theory of
fluctuations. Assuming A ~ R, VN ~ R-04 is obtained for this range.

c. The theoretically expected form of the power spectrum in the range of low
and intermediate frequencies is confirmed by the measurements.
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OJIYKTYALUUH KOCMUYECKUX JYYEH ITPU KECTKOCTAX B AUATIASOHE
4—1801B

B pabote paccuutana ynenbuas CTEKTPAIbHAS ZoE:onwr $ayxryaumii xOnZ:._oMEx :w.:nm..
KOTOpbI¢ HAGMIOAATHCH HA NOBEPXHOCTH 3EMJIH # IO 3cMiieH B Tevenue 1976—80 rr. :mxdw%”;r-
HbI HHACKC HE 3aBHCHT OT (a3l UUKIA COMHEHHOI AKTHBHOCTH B h:m:wwo:m 4acToT OT 5. 10 I
20 5.107°T'u, u ero 3sHavenue paBHO ABYM. B o6Gnactu .Qwﬁ.w:qgvmooq: HEUTPOHHOrO MOHHTOpa
He OOHapYXeHA CYLIECTBEHHAS 3aBHCHMOCTE yposus ¢aykryauuit P or XKECTKOCTH yacTul R.
Onnako B 0BaacTH mecTkocreil BILIOTH fo 180T'B yposenn Guyxtyanuii P NPONOPUHOHAJIEH
senuiauie R 910 6 nvuennpe OKCIIEPUMEHTANILHBIE PE3YILTATLL HAXOAATCS B XOPOLIEM
COTJIACHH € TEOPETHYECKMMHU TIPEANOTOKECHHAMH.,
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