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Simultaneous observations of the Moon at A = 6.2 cm
using 22-m radio telescopes at Pushchino and Simeiz during
Leonid meteor shower in November 2001

The results of simultaneous observations of the Moon at A = 6.2 cm in
Pushchino and Simeiz on 17-19 November 2001 are presented. According to
these observations, there are no evidences of influence of Leonid shower on
the lunar radio flux. Correlation between fluctuations of Ilunar radio flux in
Pushchino and Simeiz is absent. Impact-produced radio flashes are not detected;
the upper limit for flux of such flashes is 2-10° J/Hz at A = 6.2 cm.

OJHOYACHI CIIOCTEPEXEHHS MICSLd HA 22-M PAJIOTEJIEC-
KOITAX ¥ OYIMHHO TA B CHMEI3I I YAC METEOPHOI'O ITOTOKY
JEOHIJA B JHCTOIDAJAI 2001 P. HA JOBXKHHI XBHJII L = 6.2 CM,
Boaveau O. E., Bepexnoi O. A., Xaspouwkin O. B., Kosanenxo A. 1.,
Cumupnos I T. — IlpedcmassieHO pe3yibmamii OOHOYACHUX CHOCHEpPeXeHb
Micsiys ni0 wac mMaKcumymy memeopHozo oouiy Jeonio Ha ooHomunHux padio-
meneckonax PT-22 y Hywuno ma Cumeisi 17—19 aucmonada 2001 p. na
0osxuni xeuai A = 6.2 cm. 3a Oanumu cROCHEpeXeHb Hemac NiOMmaoepoxenis
GNJUBY MEMEOPHOZ0 NOMoky Jleonid na padiosunpominrosarns Micsaus. Bio-
CYMHICMb KOPENSUil MIX KOJAUSAHHSIMU MICAHHOZO DACIOGUNDOMIHFOGAHHS O3-
Hauae, WO IHMEeHCUBHICMb PadioGUNPOMIHIOBAHHS, WO MAE CElCMIYHY npuUpooy,
MeHUid, HIX HOpozoéa uymJaugicme 000X padiomeneckonie. Bepxmnsi mexa
peccmpauii maxux cnanaxie cxaadana 2-10° /Ty na doexuni xeuri A = 6.2 cm.

COBMECTHbBIE HABJKOJEHHS JIYHBI HA 22-M PAJHOTEJIECKOITAX
B NYIU[MHO U B CHMEH3E BO BPEMSY METEOPHOIO HOTOKA
JEOHHJT B HOSBPE 2001 I HA JJIHHE BOJIHBI 1 = 6.2 CM, Boab-
sau A. E., Bepexnoti A. A., Xaspowxun O. B., Kosaneuxo A. H., Cmup-
nos I. T. — Ilpedcmasaenbl pe3yibmambl OOHOBPeMEHHbLX HaOI00eHull JIyHbl
80 8peMst MAKCUMYMA MemeopHo20 00x0s Jleonud na o0HOMUNMHBIX paduome-
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seckonax PT-22 ¢ Hywuno u 6 Cumeuse 17—19 nosiops 2001 zoda na Onune
eoanbl A = 6.2 cm. CoeslacHO OaHHbIM HAOAIO0eHULl Hem HnOOMeepx)oeHust
BAUSIHUSL MemeopHozo nomoka Jleonud na paduousayuenue Jlynuol. Omceymcem-
gue Koppeastuuy Mexoy KOJAeOaHUIMU JYHHO20 PAOUOUSJIYHEHUS O3HAUAem, YMOo
UHMEHCUBHOCHb PAOUOUIAYUEHUSL, UMEHOULES0 CelCMUUECKYIO NPUPOOY, MeHb-
uiast, 4em nopozosas. 4yeCMEUMeabHOCmb 00eux paouomeneckonos. Bepxwull
npeden OOHapyxenuss makux @cnwvtuiexk cocmagasa 2-10° Sn/T U Ha OJuHE
soanbl A = 6.2 cm.

INTRODUCTION

Meteoroid impacts onto the Moon might be observable from the Earth. The
meteoroid stream most likely to be detectable is the Leonids, remnants from the
comet 55P/Tempel — Tuttle. Optical flashes from Leonid meteors hitting the
dark side of the Moon were observed in 1999 [10]. An unsuccessful attempt to
detect flashes of radio emission at A = 3.6 cm during optical flashes caused by
Leonid’s impacts onto the Moon in 1999 was conducted by Osaki et al. [8].
The main component of the lunar radio emission is the thermal radiation.
The lunar thermal radiation has been rather well investigated and it allowed
the estimation of the density and electric properties of the porous lunar regolith,
as well as the temperature regime of the surface layers. The frequency of
electromagnetic radiation of seismic origin measured before earthquakes is in
the kHz and MHz ranges [3]. There are several probable models on how a
mechanic stress can be transformed in electromagnetic radiation: formation of
new microcracks in the rock, charges arising at the peaks of existing cracks
forming under the action of increasing load, the piezoelectric and piezomagnetic
effects. Radio emission of seismic origin can be detected on the Moon also.
Fast variability of lunar radio emission at 1 = 13 and 21 cm was detected
on 29 July — 2 August 1999 [4]. There is a correlation between the variations
of the lunar radio flux at both wavelengths, giving evidence of a common
mechanism of radio emission. During the Leonid meteoroid shower in 2000 and
2001, variability of lunar radio flux at 2.46 cm was detected at Irbene in Latvia
[2]. The increasing of amplitude of variations of the lunar radio flux during
Leonid shower is interpreted as a result of excitation of seismic waves on the
Moon and the transformation of seismic energy into the electromagnetic
radiation. Another feature of variable radio emission is the existence of its
oscillations with periods equal to some minutes. However, detected phenomena
can have instrumental origin. For confirmation of lunar origin of variable lunar
radio emission simultaneous observations of the Moon must be carried out with
some radio telescopes. In this paper we present the results of simultaneous
observations of the Moon in Russia and Ukraine during Leonid shower in 2001.

OBSERVATIONS

During 17-19 November 2001 simultaneous observations of the Moon at A = 6 cm
were conducted at Pushchino (35°N, 38°E) in Russia and at Simeiz (44°N,
35°E) in Ukraine. The frequency and the bandwidth of the receiver at Simeiz
are 4.866 GHz and 2 MHz, respectively. The frequency and the bandwidth of
the receiver at Pushchino are 4.830 GHz and 6 MHz, respectively. The diameter
of both radio telescopes is 22 m, the output time constant is 1 s. The antenna feed
was left circular polarized in both cases. The antenna was guided to the centre of
the lunar disk. The duration of interrupted observations of the Moon is 1 hour.
To verify if the variations are attributed to the Moon, we performed several
tests that included recording signals from the strong source Cyg A that is known
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to be without fast variations and recording the atmospheric radio emission,
when the radio telescope tracked a position on the sky several degrees off the
Moon and Cyg A.

RESULTS

Results of observations of the Moon at A = 6.2 cm are quite different from that
at 1 = 2.46 cm. McNaught [5] predicted three maxima of Leonid shower on the
Moon in 2001 on 17 November, 16:03 UT (ZHR ~ 500), on 18 November,
14:16 UT (ZHR ~ 1000), and on 18 November, 16:28 UT (ZHR ~ 5000). The
maxima of Leonid shower on the Earth were on 18 November, 10:39 UT
(ZHR ~ 1600), and on 18 November, 18:16 UT (ZHR ~ 3400 [1]. Amplitude
of variations of lunar radio flux at A = 6.2 cm in Simeiz is equal to 1-2 K during
17—19 November 2001 and did not increase at the time of predicted maxima
of Leonid shower on the Moon. The amplitude of these variations is comparable
with that of the sky and Cyg A. Spectral analysis shows existence of
periodicities of radio flux as from the Moon as from Cyg A and the sky. Values
of periods vary chaotically versus time. All these facts confirm instrumental
origin of detected variations.

Amplitude of variations of lunar radio flux in Pushchino is equal to 1-2 K
before and after predicted second maximum of Leonid meteor shower on the
Moon. But the amplitude of quasi-periodic fluctuations reached 3-4 K at
14—15 UT on 18 November 2001 (see Fig. 1). Intensities of spectral peaks of
lunar radio flux were much weaker before and after Leonid’s maximum than
that at the time of maximum of the Leonid shower (see Fig. 2). Spectral analysis
of lunar radio flux before maximum of Leonid shower shows periodicities with
values between 2 and 13 minutes, but at the moment of Leonid’s maximum
spectral peaks with values between 30 and 120 s occur also. However,
fluctuations of received signal from the sky and Cyg A with the same periods
and amplitudes were detected at 15-16 UT. This means that detected
fluctuations are caused by instrumental effects.

Analysis of simultancous observations of the Moon shows the absence of
correlation of fluctuations of lunar radio flux at both telescopes. The coefficient
of correlation is equal to 0—0.05 for all data sets. The absence of correlation
can be an evidence of instrumental or atmospheric origin of detected
fluctuations. But observations were conducted on slightly different frequencies
with different bandwidths of receivers. This fact can be interpreted also as
existence of strong dependence of radio emission of seismic origin on frequency.

According to results of observations of the Moon in Kalyazin, after
9—12 hours from the Lunar Prospector impact with the Moon on 31 July 1999
the lunar radio flux at 13 and 21 c¢m increased by 20—40 %, but after 35 hours
from the impact it returned to the value of 30 July [4]. However, measurements
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Fig. 1. Brightness temperature of 270
the Moon at 6.2 cm at 14:00-14:30
UT on 18 November 2001. Curve
1 is for Pushchino data, curve 2
shows Simeiz data
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Fig. 2. Relative spectral amplitude of radio flux from the Moon at 4 = 6.2 cm at 09:50—15:30 UT on
18 November 2001. Curve a represents Pushchino data at 9:50-10:45 UT, curve b illustrates
Pushchino data at 14:00-14:55 UT, curves ¢ and d show Simeiz data at 13:56-14:50 and 15:11-15:30
UT, respectively

of absolute brightness temperature of the Moon at 4 = 6.2 cm in Simeiz and
Pushchino with an accuracy of 5 % did not show increasing of brightness
temperature with increasing intensity of meteoroid bombardment. To confirm
surprising results obtained in Kalyazin, more accurate estimations of the
absolute radio temperature of the Moon are needed.

DISCUSSION

Let us check the lunar origin of detected variations. Disturbed ionosphere can
be responsible for variations of lunar radio signal detected on the Earth.
Ionospheric oscillations at 12 and 20 GHz with peak-to-peak fluctuations of up
to 20 9% during 10-30 minutes occur at the times of geomagnetic storms at
equatorial and polar latitudes [6]. Let us note that variations of lunar radio flux
were detected in middle latitudes and under quiet geomagnetic conditions.
Ionospheric oscillations are night-time phenomena and they become stronger
with decreasing frequency, but variations of lunar radio flux does not show such
a behaviour. This rules out ionospheric origin of detected variations.

Ionospheric oscillations of intensity of received lunar radio signal caused
by formation of meteor plasma tails in the upper Earth’s atmosphere were not
detected at all radio telescopes. The detection of such pulses cannot be a very
frequent event, because the antenna beam is so narrow. However, short-term
oscillations of transionospheric signal from artificial satellite of the Earth at
v = 244 MHz with a duration of 30—350 s were detected during Leonid shower
in 1998 [9]. Ionospheric oscillations at A = 2.46 cm with duration of about 30 s
were detected also at 13:40 UT on 18 November 2001 [2]. But duration of
fluctuations detected in Pushchino is more than 30 minutes and meteor plasma
tails are unstable during such a long period of time.

Observations of the Moon at A = 6.2 cm do not give support to lunar origin
of detected variations, because correlation between these variations at two
isolated radio telescopes is absent. This can be explained by a weak intensity
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Fig. 3. Relative spectral amplitude of radio flux from Cyg A and the sky on 18 November 2001. Curve
a represents observations of the sky in Pushchino at 9:40:30—9:46:00 UT, curve b illustrates Cyg A
at 10:48:30—10:52:10 UT. Curve ¢ shows results of observations of the sky in Simeiz at 8:32—38:38
UT, curve d is for Cyg A at 13:49—13:55 UT

of lunar radio emission caused by meteoroid bombardment at 4 = 6.2 c¢cm in
comparison with that at 2.46 cm. For study of dependence of lunar radio
emission of seismic origin on wavelength, simultaneous observations of the
Moon at many frequencies during active meteor showers must be carried out.

An important feature of variable lunar radio flux is its periodicity. Values
of periods are between 1.5 and 12 minutes at A = 2.46, 13, and 21 cm [2]. A
spectral analysis of the variations of radio signals from the sky, the Moon, and
Cyg A at A = 6.2 cm shows a general increase of the spectral density towards
lower frequencies. The periods of oscillations of lunar radio flux at 4 = 6.2 ¢cm
are in 1—15 minute range (see Fig. 2). Amplitude of spectral power of spectra
at A = 6.2 cm from the sky and Cyg A is comparable with that from the Moon,
the spectral maximum of the atmospheric fluctuations is at periods less than two
minutes (see Fig. 3). Unfortunately, observations of the sky and Cyg A were
conducted only during five minutes, which is not enough for study of possible
periodicities at 3-15-minute range, where lunar radio flux shows periodicities.
There is a fast variability of values and intensities of spectral peaks as from the
Moon as from the sky and Cyg A. It is known that Cyg A has not variability
of its radio flux in minute range. The values of detected periods of signal from
the Moon at the same time in Pushchino and Simeiz are quite different (see
Fig. 2). This means that instrumental effects can explain periodicities of lunar
flux at A = 6.2 cm. Thus, previously detected periodicities of lunar flux at other
wavelengths must be checked again by simultaneous observations at two isolated
antennas.

During impacts of meteoroids with the Moon thermal radiation emits from
the impact-produced fireball. Just after an impact, seismic waves are excited,
and a part of seismic energy is transformed to radio emission. An unsuccessful
search for impact-produced radio flashes was performed. The upper limit for
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strongest radio flashes is equal to 3 K, based on Simeiz and Pushchino data.
We can estimate the upper limit of intensity of impact-produced radio flashes
as 2-10® J/Hz at A = 6.2 cm. The duration of optical flashes caused by
meteoroid impacts does not exceed 0.1 s. We can suppose that radio flashes
accompanying optical emission have the same duration. Flux of thermal
radiation from impact-produced fireball is too low for detection by radio
telescopes. Let us assume that the mass of biggest meteoroid collided with the
Moon at the time interval of our radio observations is 2.5 kg as estimated by
Ortiz et al. [7]. Using the model of Yanagisawa and Kisaichi [10] for thermal
radiation from flash D', caused by impact of meteoroid with same mass, we can
estimate that flux of thermal radiation from such an impact does not exceed
5-10"° J/Hz at 1 = 6.2 cm.

CONCLUSIONS

Previously it was reported that strong oscillations of lunar flux at 4 = 2.46 cm
occurred at the moments of predicted maxima of Leonid meteor shower on the
Moon in 2000 and 2001 [2]. But observations of the Moon at 2.46 cm were
conducted at unique antenna. Absence of coincidence data on other radio
telescopes means that instrumental origin of detected fluctuations cannot be
ruled out. For study of instrumental effects simultancous observations of the
Moon at very similar frequencies in Pushchino and Simeiz were conducted.
Correlation between fluctuations of lunar radio flux at v = 4.866 and 4.83 GHz
was absent. This means that intensity of radio emission of seismic origin is less
than sensitivity of both telescopes. Radio flashes caused by collisions of
kg-meteoroids with the Moon were not detected, and the upper limit for
intensity of such flashes is estimated.
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