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HABJIOAEHUA IBUZKEHNA N30BPAZKEHNN 3BE3/1 C CUHXPOHHOU CETHIO TE-
JIECKOIIOB, 2Kunsies B., Pomaniok 9., Cearoropos O., Bepmiok U., Tapamuit B., Ceprees A.,
Kapmuos B., Jlopkast M. — OGHapyKeHue IBUKEHUS U300PAXKEHUHN 3BE3/1, CTATIO0 BO3MOYKHBIM DJIaro-
naps ucnonb3oBannio CHHXPOHHON CETH yIAJEHHBIX TEJIECKOMOB, KOTOPAsi OTKPHIBAET HOBBIN My Th
IS IeTeKTUPOBAHUS MAJIOMACIITAOHON IepeMeHHOCTH 3Be3/1,. TOYHOCTh 3Be3/1Hoi (hoToMeTpun HA
yposHe 0.001 3B. BeJI. ¥ MUJITIUCEKYHIHAA TOYHOCTh KOOPJAWHATHBIX U3MEPEHUI B ONTUKE KaXKyTCs
OTIAJEHHBIMHU [TEPCIEKTUBAMHE JJisi OOIBIIMHCTBA HA3EMHBIX HaOToaarenei. I BrmKenns n300pazKke-
HUil 3B€371, BO BPEMsI SKCITO3UINH MOXKET CJIyKUTh UCTOYHIUKOM JIOMOJHATEIHHBIX (POTOMETPUIECKHUX
OmmbOK U OTPAHUYUBATH TOYHOCTH MO3UIMOHHBIX m3Mepenuii. [1aBHas e 3Toit paboThl COCTO-
I8 B TOM, ITOOBI OOHAPYKUTH 3P MDEKT ABUKEHUA N300PaKeHni 3B€3/ B (DOKATLHON ITOCKOCTH
HECKOJIbKUX Y/IAJEHHBIX TEIECKOIOB, PAbOTaoNnX CUHXPOHHO. OTMeTnM, 9T0 Takoil addexT, co-
CTABJIAIOMIAY HECKOJIBKO JIECATHIX JI0JIel YIJIOBOH CEKyH/IbI, HAXOIUTCS HA MPeJee O0HAPYKEeHUs
[IPU OPJINHAPHBIX M3MEPEHUSIX C OJUHOIHBIM TEIECKOITOM.

Stellar Image Motions (SIM) discovery became possible due to the use of the Synchronous Network
of distant Telescopes (SNT), which presents an exciting new way for detecting the small-scale vari-
ability. The millimagnitude precision of ground-based stellar photometry and the milliarcsecond
accuracy in coordinates of position measurements in the optics seem to be distant summits for
most practitioners. SIM during the integration time can cause photometric errors and frustrate
the exact position measurements. The main goal of this work was to detect the effect of image
motions in the focal plane of several distant telescopes operating synchronously. Note that such
an effect amounting to a few tenth arcsecond may be only marginally detected in the trivial round
measurements.

INTRODUCTION

Our primary goal was to attain the highest possible precision of ground-based stellar photometry.
Giant planets and their satellites were selected as photometric targets with an a priori constant
irradiance for short length of time. Surprisingly, they revealed short-period brightness oscillations.
This raises a question: where do oscillations occur? Following this way we found that the variability
observed is due to image motions in the focal plane of telescopes. Our findings based on the many-site
synchronous monitoring allow us to conclude that stellar image motions are of a global nature.

Here we report first results of detection of stellar image motions. The impact of SIM on the preci-
sion of ground-based stellar photometry and position of coordinate measurements is one of the most
important aspects of the phenomenon. In this context the SNT project supplies the capabilities to
highlight this new exciting observational effect in astrophysics.
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OBSERVATIONS OF BRIGHTNESS OSCILLATIONS OF GIANTS PLANETS
AND THEIR SATELLITES WITH THE SNT

SNT has given us decisive evidence of correlated brightness variations of Jupiter and its satellite Eu-
ropa. In common opinion the Sun is a constant star. Data provided by ground and space experiments
demonstrate only non-radial oscillations with amplitudes of no more than a few parts per million at
frequencies below 5 mHz. A surprising result was that Jupiter and its satellites glowing in sunlight
showed the presence of apparent small-amplitude periodic variations in the optical. This raises, how-
ever, the question of whether these oscillations are generated in the Earth’s atmosphere or originated
from a faulty operation of the equipment. These doubts may be settled only by the simultaneous use
of several distant telescopes.
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Figure 1. Left panel: Portions of the Jupiter (circles) and Europa (dots) light curves as seen simultaneously
by the Crimean 50-inch and the Terskol 2-m telescopes, respectively, on October 27, 2000, 1:28:43 UT. Right
panel: Changes in the oscillation period value obtained from the observed times of maxima both on Jupiter and
on Europa over about seven minutes

The many-site monitoring of Jupiter and its satellites had been carried out on October 27, 2000.
The instruments used were the 2-m Ritchey-Chretien telescope at Terskol Peak in the Northern Cau-
casus and the 50-inch reflector at the Crimean Observatory. Both these instruments are equipped
with the high-speed two channel photon-counting stellar photometers. Observations were obtained in
the U band with 0.01 s sampling time. The simultaneous operation of the telescopes was synchronized
to an accuracy of 0.1 s. Fig. 1 shows the Jupiter (circles) and Europa (dots) light curves as seen
simultaneously by the Crimean 50-inch and the Terskol 2-m telescopes, respectively. The many-site
high-speed monitoring revealed the oscillations with a frequency around 0.04 Hz and amplitudes of
some thousandth. A well-defined oscillation with a mean period of 22.7 s is obvious from this picture.
This harmonic is found coincided in amplitude, frequency and phase. It is great surprise that the two-
site data agree in the finest details. They show good fit of modulation properties shown in Fig. 1
(the right panel). A mean period of 22.7 s was obtained from an analysis of the observed times of
maxima. This period appears to be constant in the average only. The O-C data show significant corre-
lated changes in the period value both on Jupiter and on Europa over about seven minutes. The result
lends additional support to the reality of the high-frequency brightness oscillations observed.

A similar situation holds on Saturn and its satellite Rhea. Fig. 2 shows the light curves of Saturn
and Rhea as seen at the same time by the Terskol 2-m (diamonds) and Crimean 50-inch (dots)
telescopes, respectively. Their amplitudes and shifting properties are coincided within experimental
errors. No explanations for this exist yet. Note that the oscillation amplitudes are quite small and are
about of 0.01 mag. Such low amplitude variations lie usually below the detection limit for ordinary
photometric data. Their discovery became possible by use of the Synchronous Network of distant
Telescopes.
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Figure 2. Portions of the light curves of Saturn and Rhea as seen at the same time by the Terskol 2-m
(diamonds) and Crimean 50-inch (dots) telescopes, respectively, on September 15, 2001, 0:10:27 UT
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Figure 3. An image tracing by diaphragm-edge (upper plot) and star’s image spread (lower plot, arbitrary
units). Observations of the field star PPM119406 were made with the Terskol 2-m telescope on October 28, 2000

IMAGE MOTION AS A CAUSE OF BRIGHTNESS VARIATIONS

It is appropriate to quote here from experienced observers: “As spectroscopic observers know, low-
frequency image motions mean that good centering cannot be done quickly. If we look at a star just
a second, and center on its average position during that time, a minute later it may be several arc-
seconds away from the set position.” [2]. Image motions may cause a measurable variability due to
extended image wings or varying background around bright objects.

Image motions reveal itself in the tracing a bright star across the diaphragm. Fig. 3 shows an ima-
ge tracing by diaphragm-edge (upper plot) and star’s image spread (lower plot, arbitrary units).
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Figure 4. Two upper plots show stellar image motions by diaphragm edge area at the 50-inch Crimean reflector
in the both alpha- and delta-direction over ten minutes. This gives reliable evidence of that SIM are 2-D in
character. Two lower plots exhibit two-dimensional evolution of SIM through the phase space diagram
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Figure 5. The power spectra of image motions of the field star PPM119406 obtained with the Terskol 60-cm
telescope and the Crimean 50-inch telescope on October 1 and October 13, 2001, respectively
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The upper plot presents the tracing light curve smoothed by spline with the 100-point boxcar to ave-
rage the short scale oscillations. The star image spread was determined by numerical differentiation
of the tracing light curve. As can be seen the star has a FWHM about of 2 arcseconds. The intensity
drops to about 1% at a circle of 4-arcsec diameter. From this image motion may be evaluated in
amplitude as large as of the order 0.2 arcsecond.

Fig. 4 proves that stellar image motions could not be connected to errors in drive rate of telescopes.
A two channel high-speed photometer was used to measure a transmission tracing by diaphragm-edge
in the both right ascension and declination directions. Cassegrain reflectors with equatorial mounting
(the Zeiss-600 at Terskol Peak and the 50-inch telescope in Crimea) and the 2-m Zeiss RCC telescope
at Terskol Peak were used. One may suppose that errors in drive rate cause telescope displacements
in the R.A. direction only. The upper plots show stellar image motions by a diaphragm edge area
at the 50-inch Crimean reflector in the both alpha- and delta-direction over ten minutes. These
data enable us to conclude that SIM are 2-D in character. Two bottom plots result from analysis
of SIM using the phase space diagram approach [1]. The numerical computation of the Poincare
map was performed by differentiation of the tracing light curves. The Poincare surface of section
(R,dR/dt), derived from the light curve portion shown in upper panel, demonstrates a trajectory
which is typical for the quasi-harmonic process. Complex dynamics of SIM makes impossible now
to test whether motions is deterministic or stochastic phenomenon. What really is: Order or Chaos,
closed or only bounded path? These questions have to be examined in the future. As this is seen
from the plots, the oscillation amplitudes of SIM are typically from some hundredth to some tenth
arcsecond. The speed of SIM is of a few hundredth arcsecond per second.

Far distant telescopes show similar patterns in stellar image motions. Fig. 5 presents the power
spectra of image motions of the field star PPM 119406 obtained with the Terskol 60-cm and the Crimean
50-inch telescopes on October 1 and October 13, 2001, respectively. Both telescopes reveal similar
features at about 0.04, 0.08, 0.12 and 0.25 Hz.

CONCLUSION
We have every reason to formulate The Stellar Image Motion Theorem:

Every star traces a bounded path round of its average position. The image motions are multi-
periodic in character, their periods are in the range of a few seconds to a few minutes. Their
amplitudes are of a few tenth arcsecond.

Physical interpretation of the SIM phenomenon encounters considerable difficulties. One may
interpret it as an atmospheric effect connected to the oscillations in the stratified Earth’s atmosphere.
This poses, however, a challenging problem, in view of the maintenance of high phase coherence
and zero time delay between complex photometric variations observed simultaneously at telescopes
separated by a distance of thousands kilometers from each other.
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