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ABSTRACT

The first two harmonics of sidereal wave in the intensity variations of
the Budapest underground telescopes are studied on a year-to-year basis. By
comparing the sidereal daily vectors obtained in sectors of opposite IMF di-
rections at a pair of similar telescopes located at conjugate latitudes, one
is able to disentangle the solar effects from a galactic anisotropy. Applying
this procedure for the Budapest and Hobart measurements, the vector ascri-
bable to galactic anisotropy has an amplitude of .0.02% and phase -5 hr. An
attempt is made to drav some conclusion on the yndistorted galactic aniso-
tropy by taking into account the heliomagnetospheric deflection.

AHHOTALMA

Ha ocHO®e M3IMEDEHMAl, NPOBORAMMXCS B TeueHHe HeCKONBLKHX JIeT C NOMOuLK
ma3eMitx Teneckxonod® B Bynanewre MCCNeNyOTCR Nepshie NBe IapMOHHKH 3Be3aHO-
CYTOUHOR DapHaLHK MHTEHCHBHOCTeR. CpamueNneM 3pe3fiHO~-CYTOMHHX BeXTOpPOB, NOAY-
YeHMEX P CexTOopax NPOTHIONONOXHOrO 3HAXA MEeXINTAHeTHOI'O MACHHTHOrO MONK IR
ABYX NOXOXMX TefleCKONOB, PACNONIONEHHHX HA CONPAXEHHHX WMPOTAX, BO3IMOXHO OT-
ASNHTH CONHeuMne 30PeXTH OT TaANaAXTHUECKOR AHMZOTPONMMM,. IIPHMBHAS 3TOT METONR
IR DRAHMHHX H3MepenHfl, mpoPeneHHnx B Bynanewre M 3 Xo6apTe, NONYyuYeHO, YTO
PEXTOP, NpoHCXOAMMA OT raNaAKTHYECXKOR AHMIOTPONMK, HMeeT aMumMTyny 0,02% u
dasy "5 vacos. TlpuMMMaAA PO PHHMAHNE OTKJIOHEHMe P reMOMarsuTocdepe, nenawrcs
NIOTRITXH NATH MEXOTOPHEe BHBONN OTHOCHTANDBHO HEHCKaAXeHHOR IANaXTHUEeCKOf aHK~-~
30TPOTMH ,

KIVONAT

tvenkénti felbontésban vizsghljuk a budapesti flldalatti mionteleszkép
intenzitésvaltozésaiban fellépd sziderikus hullém elsd két harmonikusét.
Usszehasonlitva a bolygbéktzi mégneses tér ellentétes szektoraiban két ha-
sonld felépitésll, ellentétes f61drajzi szélessbgen elhelyezett teleszképra
kapott sziderikus vektorokat, a szoléris effektusokat el tudjuk vélasztani a
galaktikus anizotrbpiftél. Ezt as eljérxést alkalmazva a budapesti és a ho-
barti mérésekre, a galaktikus anizotrb6pibb6l ssérmazd vektor amplitudéjéra
0,028-0t, fhzishra -5 O6rét kapunk. Figyelembe véve a heliomagnetoszféra el-
t:rit& hathsbt, kvetkeztetliink a torzitatlan galaktikus anizotrépia nagyséa-
géra.




1. INTRODUCTION

In spite of the growing material from new underground muon
telescopes, the interpretation of the sidereal daily wave ap-
pearing in the intensity variations of 1011—1012 eV cosmic rays
is still rather controversial. wWhile above ~1013 eV, which is
beyond the solar influence, there is no doubt about the existence
of a genuine sidereal anisotropy, it is widely believed that any
galactic effect is entirely concealed by solar modulation below
a few hundred GeV. There are two groups of solar effects on si-
dereal variation: a sidereal wave is produced by solar anisotropy
having nonzero component perpendicular to the ecliptic plane on
the one hand, while the heliomagnetosphere significantly distorts
the external distribution on the other hand.

The solar originated part of the sidereal wave was studied
in connection with the sector structure of the interplanetary
magnetic field /Swinson, 1969, 1976; Humble and Penton, 1977/
and showed a strong dependence on the field polarity. As for the
second problem, one has to determine the asymptotic viewing di-
rectiona by carrying out trajectory calculations in IMF modzls
/Davies et al., 1978/. The reduction of the lower energy limit
to significant galactic anisotropy demands the more thorough know-
ledge of the three-dimensional structure of the IMF,

2. DATA ANALYSIS

Below we present the analysis of data obtained by the under-
ground telescopes at Budapest /40 mwe/ which was performed for
separate groups of days according to the sectors of different
magnetic field polarities. On the basis of the statistical method
discussed by Benkd et al./1977/, the first two harmonics of the




solar, sidereal and antisidereal waves has been determined for
the periods of 1958-63 and 1967-68. nfortunately, due to the
insufficient operation of the telescopes, we have not managed

to obtain significant results for 1967. For the selection of days
according to the different sectors the terrestrial magnetometer
records published by Svalgaard /1972/! were used. The year-to-year
variation of the sidereal first harmonic is presented in Fig. 1.
in comparison with the Hobart data for the same period. The se-
cond harmonics of the sidereal wave are shown in Fig. 2.
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3. DISCUSSION

Sidereal variations which are spurious from the point of
view of galactic anisotropy mainly arise from anisotropy of so-
lar origin. Vector-type anisotropies perpendicular to the ec-~
liptic plane were first discussed by Swinson [1969/ suggesting
that a BxVN streaming arises as a consequence of the radial den-
sity gradient. However, according to spacecraft measurements at
lower energies, the value of this gradient is likely too low to
produce the observed anisotropy. Another suggestion was made by
Swinson /1976/ that a similar streaming may occur due to the
electric field introduced by the corotation as observed at the
Earth. Both effecté give rise to anisotropies depending on the
magnetic field polarity, the phases are opposite in the alter-
nate sectors. Tensor anisotropies of solar origin also contri-
bute to the sidereal wave /Kéta, 1975/, but they are not es-
sentially field dependent. This way, the first and second order
contributions from solar anisotropy can be separated on the ba-
sis of dependence on magnetic field polarity.

Although we have not much information on the three-dimensio-
nal shape of the modulation region, a plausible assumption is
that it is not very much distorted by the interstellar wind, so
it does not exhibit stroang north-south asymmetry. This assumption
together with that of azimuthal symmetry in the heliocequatorial
plane allows to compare the measurements made in the' northern
and southern hemispheres. Namely, the Buvdapest [47 ONI and Ho-
bart stations /43 os/ lie at almost the conjugate latitudes,
their energy ranges are practically the same /40 and 36 mwe
depths, respectively/. Moreover, a continuous six year data set
is available /1958-1963/ for both stations. Under the above as-
sumptions, the even harmonics of the solar originated sidereal
variation should be of the same amplitude and opposite phase as
Observed in the alternate sectors in each of the two measurements.
Thus, by summing up the Budapest IN and Hobart OUT as well as
the Budapest OUT and Hobart IN sidersal vectors, the major part
of the solar contribution can be eliminated. The result of this




procedure is displayed in Fig.3. While because of the yearly
variability of the vectors the close coincidence seen in Fig.3.
seems to be accidental [the statistical error is -~ 0,008%/, it
supports that the residual vectors are free of solar effects.
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In order to remove solar effects from sidereal variation
several inclined telescopes having equatorial viewing directions
were installed. The south-pointing telescope in London yielded
a small solar wave due to the higher mean rigidity /-500 GV,
Davies at al., 1978/. The sidereal wave obtained by the Hobart
north-pointing telescope turned out to be field-dependent, the
summation of the three-year period results in an IN+OUT vector
of 0.02% with phase of ~3.5 h [Humble and Penton,‘1977l. The
comparison of these results together with galactic anisotropies
obtained at higher energies is presented in Fig.4.
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Trajectory calculations performed in a realistic IMF model
/Erdds & Kbéta, 1979/ indicate that the amplitude of the galactic
wave is reduced by a factor of -2/3 with respect to the free
space anisotropy, while the phase remains virtually unchanged.

A further reduction is due to the high latitude of the stations,
so the total reduction factor is roughly O.4. Thus, assuming
that the vector of Fig.3. is of galactic origin, the free space
amplitude would be about 0.05%, compatible with the Londcn
results. The phase difference between them also decreases if the
Compton-Getting effect arising from the motion of solar system
is taken into account.

Turning to the solar originated parts, we can compare them

by subtracting the G=1/2 Bm-ﬂlout vector from the total ob-
% »
served ones: B in B in G and Bout Hout G'Bout vectors lLave the

phase at -18h, the amplitudes are 0.045% and 0.010%, respectively.

While it is supposed that B;n and B;ut are responsible for the

solar originated parts, the presence of galactic tensor aniso-

tropy cannot be excluded. If we assume that the above vectors are
composed of a field-dependent, Bl' and a field-independent part,
32' one arrives at '

B,: 0.017% 18h /IN sector/, 6h /OUT/

1

B 0.028% 18h.

2:

The field-independent part probably originates from a solar ten-

sor anisotropy which can also be accounted for the solar semi-
diurnal variation. The phase of 82 is in agreement with the
pitch angle dis‘ribution model /Nagashima et al., 1971/, while
it contradicts to the symmetric density gradient model /Quenby &
Lietti, 1968/. By comparing the amplitudes the former model re-
sults in 0.029% also in good agreement with observations. The
phase of the sidereal second harmonic also supports the validity
of « pitch angle distribution around the IMF, although the
amplitude cbtained experimentally is larger than expected. It
should be mentioned, however, that the contribution of higher
galactic harmonics cannot be identifisd as galactic if the ob-
served phase is near to either 6 or O hr,
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