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Abstract — We study the optical variability of the peculiar Galactiaisze SS 433 using the observations made with
the Russian Turkish 1.5-m telescope (RTT150). A simplertegte which allows to obtain high-quality photometric
measurements with 0.3—1 s time resolution using ordinard @Cdescribed in detail. Using the test observations of
nonvariable stars, we show that the atmospheric turbuleriuces no significant distortions into the measurekbtlig
curves. Therefore, the data obtained in this way are wettddor studying theperiodicvariability of various objects.

The large amount of SS 433 optical light curve measuremédsisreed in this way allowed us to obtain the power spectra
of its flux variability with a record sensitivity up to freqneies of~ 0.5 Hz and to detect its break at frequeney

2.4 x 107 Hz. We suggest that this break in the power spectrum resohts the smoothing of the optical flux variability
due to a finite size of the emitting region. Based on our memsent of the break frequency in the power spectrum, we
estimated the size of the accretion-disk photosphere>ag®? cm. We show that the amplitude of the variability in
SS 433 decreases sharply during accretion-disk eclipseg,dpes not disappear completely. This suggests thaiibe s
of the variable optical emission source is comparable tbdhthe normal star whose size is therefe~ 2 x 10'% cm

~ 30R;. The decrease in flux variability amplitude during eclipseggests the presence of a nonvariable optical emission
component with a magnituder ~ 13.2.
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INTRODUCTION components of the binary system (see, e.q., Stewar: et al.,

v
The object SS 433 is a binary system with coninuous a&—gg‘ )-

cretion onto a compact object, most probably a black hole The aperiodic variability of SS433 was also studied
(for a review see, e.g., Fabrika, 2004). It is the only knowfRevnivtsev et all_2004, 2006). It was shown that the the
object of this kind in Galaxy and similar objects seen facebroadband power spectrum of SS433 is a power law with
on are probably observed as ultraluminous X-ray sources tbreak at a frequency of about1Hz below which the
other galaxied (Fabrika & Mescheryakby, 2001; King, 200200wer spectrum is flat. Such a power spectrum is expected
Begelman et all, 2006). in the model of self-similar production of accretion-rate
The emission from SS433 is variable at all opYariability in an accretion disk, and the spectrum flatness

served time scales and at all wavelengths of the ele@t low frequencies is explained by the fact that no addi-
tromagnetic spectrum (see, e.§.. Cherepashchuk, 19d/pnal variability can be produced on time scales longentha
Gladyshev et all, 198B; Stewart ef Al., 1987; Goranskylet ain€ viscous time scale in accretion disk (Lyubarskii, 1997;
1998b! Fikenberry ef Al., 2001; Cherepashchuklet al.|200ghurazov et all, 2001: Gilfanov & Arefiey. 2005).

Kotani et al.| 2006; Trushkin etlal., 20007). Several types of Currently, the variability of SS433 is poorly studied
periodic variability were detected in the variability ofeth at higher frequenciesz 10°-102 Hz (Eabrikh, | 2004;
source: precessional, orbital, and nutational; this adldw IRevnivisev et dll, 2006). On the other hand, these frequen-
the parameters of the binary system to be constrained sigies should correspond to the size of X-ray and optical emis-
nificantly (Cherepashchuk, 2002). The studies of eclipseson regions in the object and it should take its effect in the
also allowed to estimate the geometrical sizes of the variowariability of the source at these high frequences. In this p
per we present the results of our study of optical variabilit
“e-mail: rodion@hea.iki.rssi.ru of SS 433 at high frequencies, using a significant amount of




Fast optical variability of SS 433 1

new data on fast optical photometry of SS 433 withl s The absolute timing marker was also placed in the data at
time resolution. the instant of their writing to the hard disk. Due to techhica
difficulties during our observations no accurate data tgnin
based on the GPS signal was used. Instead, the computer
OBSERVATIONS clock was synchronized with the GPS signal every evening
The observations were carried out with Russian-Turkishefore and during the observations; the time markers ob-
1.5-m telescope (RTT158)using CCD-photometer at the tained from this clock were then used. Thus, the absolute
Cassegrain focus of the telescope 1/7.7. Photometrical data timing accuracy should not be worse than a few tenths
measurements were done with Andor DW-436 CCD cameraf a second.
This is a 2048x 2048 back-illuminated CCD, cooled elec- It is important that our observing technique allow to ob-
tronically to-60 K. This CCD has high quantum efficiencytain simultaneous measurements of the fluxes of at least
(more then 90% irR band), negligibly small dark current two stars, the reference star and the object. This makes it
and low readout noisex{2 €). At the telescope focus the possible to perform differential photometric measurersent
angular size of CCD pixel is.24”, the size of field of view which allows to take into account the extinction variations

— about &. at different zenith distances and due to light clouds. Iri-add
tion, as we show below, this also allows to take into account
Instrument Setup the most of the influence of the variable absorption and stel-

In order to reduce the CCD readout time the observatimJ@r Jitter due to atmospheric turbulence up to frequencies o

were made as shown in Figl 1. Since CCD readout speévdo'5 Hz. . )
The fluxes were measured inside the linear aperture cen-

depends mainly on linear size across the readout axis, tele ) -
scope pointing was done so that the object and the refererf€&d on the profile of the signal from the star (. 1). The

star are set in parallel to that edge of the CCD, where tHiéindow size was set for each segment of 1000 measure-
readout take place. The shutter was open during all the oi€Nts separately at six RMS widths of the PSF. Thus, no
servations; therefore, both stars were set close to theneadMOre than a few tenths of a percent of the stellar flux was

side to avoid data contamination by bright stars outside ttfPServed outside the aperture. The background was fitted
cutout strip. by linear function in each strip being read out separately;

Only the narrow CCD strip with the object and the ref_during this procedure the stellar flux was eliminated by ap-
Hlying the standard sigma-clipping algorithm.

erence star was read out during the observations. The st
width was chosen so that the main parts of the wings of therhe Influence of Atmospheric Turbulence on Photometric

point spread function (PSF) were observed inside this.strip Measurements
This strip did not change from observation to observation o o )
and its width was set to be 10 CCD pixels). The tele-  In order to study theperiodicvariability of various ob-

scope was pointed so that these two stars were set at {R6!S, the properties of the noise that emerges during the
center of the cutout CCD strip as precisely as possible; théheasurements of object fluxes must be well known. The true
the autoguider was immediately switched on. Since the tel8h@pe of spectrum of the object's variable emission will not
scope guiding accuracy is a few tenths of an arcsecond, oh@ distorted if the flux measurement errors are independent
can be sure that both stars during the observations remairlé@ach measurement. In this case, the noise power spectrum
at the center of the cutout strip with good accuracy. is a constant that can be subtracted from the power spectrum
The CCD strip was read out not as an image but as a orff the measured emission of the object in order to obtain the
dimensional data line by binning all 50 CCD pixels of theP@Wer spectrum of its intrinsic variability.
strip width into single data pixel (Fi@ 1). In addition, the The photon counting noise is definitely independent for
CCD was also binned by two pixels along the length of thdifferent measurements, but in our case the errors coutd als
cutout strip. This allowed to reduce significantly the reatdo €Merge for other reasons. These primarily include the influ-
time and readout noise, while the sky background was stfince Of atmospheric turbulence. There are always chaotic
much lower than the flux from the object. In this setup th¥ariations in the temperature and refractive index of the
readout time of our CCD was about 0.3 s. medium due to the presence of turbulence in the atmosphere.
The exposure time was set to be about 0.7 s so that tﬁgis leads to a distortion of the plane wave front, which
exposure and readout cycle was exactly 0.974 s during manifests itself as j_itte_r, a change of the shape, and Bainti
the observations. The data were initially written to congput 1ONS Of stars. Allthis, in turn, can affect the results obpiv
random access memory and only every 1000 measuremefigtric measurements, with the corresponding measurement
were then written to the hard disk. This allowed to avoid th&"°"S hafvmg a C%mP'eX povlver spectrum dependent on the
possible delays associated with the data writing to the haRfttern of atmospheric turbulence.

disk within blocks of 1000 measurements. According to the prelim_inary data of stellar jitte_r studies
during RTT-150 observations, turbulence emerging on the
Lhitp://hea.iki.rssi.ru/rtt150/ telescope dome introduces a significant fraction of the dis-
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Fig. 1. The field near SS 433. We show here, how the telescope wasgdmbbject and what part of the CCD was used during our ohens. The
direction of CCD readout is shown with dashed arrow in thesuanel. The object and the reference star are also sholwrawdws. In the lower panel
the example of one-dimentional line of the data which wad m4 after the every exposure is shown.
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Fig. 2. Power spectra of nonvariable stars. In the left panel — thalt® of the observations of nonvariable stars in the sagigsiwhen SS 433 was
observed, in the right panel — the results of observationsechout later with slightly different signal-to-noisetia

tortions. This turbulence affects all stars in the telescop
field of view in the very same way and, hence, it should not
have any effect on differential photometric measurements.

Turbulence at high altitudes can also have a significant
effect on the observations. Starting from the altitude of 10
2.5 km, at which the TUBITAK Observatory is located, the
bulk of the variability of the refractive index is gained up t
an altitude of about 10 km (see, elg., Zuev et al., 1988). At
this altitude, the angular separation of lbétween SS 433
and the reference star corresponds to a linear separation of
about 3—-4 m, which is larger than the telescope mirror size.
Therefore, the light from these stars passes through difter
parts of the atmosphere and their jitter can differ. Howgver
at a wind speed of 10 m/s, the turbulence will be essen-
tially averaged out at a time scale ©f1 s in a fixed region
with a size of the order of the telescope mirror size. There-  ©!
fore, one may expect that this turbulence will not contribut
strongly to the photometric measurement errors as well.

In order tQ test this assu_mptlon d'rec.tly' we Ca”'eP' 0U1£ig. 3. The distribution of the errors in nonvariable stars flux nueas
the observations of nonvariable stars with the same instrients.

ment setup that was used for the observations of SS433.

The subsequent data reduction was also performed in ex-

actly the same way. The derived power spectra are showntio differ from that was obtained during the observations of
Fig.[A. The left panel of Figulld 2 shows the power spectru8S 433. This is reflected in a different value of a constant in
of the nonvariable stars whose observations were carried abe observed power specrtum. However, all the uncertaintie
on the same nights as those of SS433. The stars were chipthe stellar fluxes measurements that can arise from atmo-
sen so that their fluxes were close to those from SS 433 apgheric turbulence must be multiplicative (the variations
the reference star near this object. We see that, within tkeémospheric transparency, the fraction of the flux in the PSF
measurement errors, the shape of the power spectrum is conngs, and so on). Therefore, to estimate the possible dis-
sistent with the assumption that the power does not depetuttions of the power spectrum, only the relative deviation
on frequency. In this case, the value of the constant powerfi®m the constant value should be considered.

close to what is obtained during the observations of SS4331he distribution of errors in the flux measurements of

(see below). nonvariable stars is shown in F[g. 3. In these observations,
The right panel of FigurEl2 presents the results of our olihe stars were chosen so that the signal-to-noise ratiogluri
servations carried out on different nights and with slightl these observations was close to that obtained in the obser-
different CCD settings and stellar flux ratio. Within the er-vations of SS 433. One can see that, on the whole, this dis-
rors, the shape of this power spectrum also agrees witht@bution is consistent with a Gaussian one; there are sligh

constant. During these observations, the signal-to-naise differences from the Gaussian distribution only at deuiasi
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12 - = Table 2. The results of our measurements
T, Ty ] MJD f of

I \L ¢ ] 53247.959665 0.1324 0.0220
| ] 53247.959670 0.1383 0.0229
125 - A N , ‘ E - 53247.959674 0.1242 0.0218
3 8 ‘ﬁ ‘\‘ AN Vo ‘l | (i M 53247.959679 0.1467 0.0214
& i ggﬁ ! S | iﬂ ; @ U 53247.959683 0.1296 0.0215
T A \E i IR . 53247.959688 0.1459 0.0218
TAVRT wj || | v\ 53247.959692 0.1220 0.0213
S/ | \ : | . 53247.959697 0.1630 0.0239
I I “ | ] 53247.959702 0.1588 0.0228
| i 53247.959706 0.1463 0.0230

13.5 1= ] Note: — Here only a small part of the table is shown as an

(‘) 2‘0 4‘0 50 example. The whole table contains 238638 lines and is dlaila
in its entirety in the electronic version of the journal, aaldo
Time,MJD-535330 at: http://hea.iki.rssi.ru/rtt150/en/ss433_pazh10/

Fig. 4. The points shows thd&-band magnitudes of SS433. Solid . | iabili h h . disk i . I
line shows the mean light curve M band from the observations of cessional variability, when the accretion disk Is maxiya

Goransky ef 4[(199Bb), taken from the review by Fabilikd)490 turned face-on to the observer’s directiol, (¢prec = 1),
again according to the ephemerides filom Fabtika (2004).
We see from Tablg 1 and FIg. 4 that the observations were
> 20. carried out mainly close in time to the precession phase
Thus, the flux measurement errors in our observations ghis was done to increase the sensitivity with respect to the
SS 433 are independent and Gaussian with a good accuragatiable emission of the object, because the variability am
Therefore, the power spectrum of the object’s intrinsid-var plitude is assumed to be highest at this precession phase.
ability can be properly measured by subtracting the cohstanhe observations were also performed during disk eclipses

power which depends on the flux measurement errors during a total of three eclipses were observed in the summer and
the observations. the fall of 2005.

The Observations of SS 433 Due to weather r_estrictions and because of technical p_rob—
lems, the observations were not always carried out continu-

The observations of SS 433 were carried out at RTT-156usly during the night. Nevertheless, the bulk of the data
telescope with CCD photometer, as was described abowe continuous time series of observations, each with a du-
mainly in the summer of 2005. In addition, a few obserration of several hours. In our work, we used a total of about
vations were also carried out in the summer of 2004 ar@40 thousand optical flux measurements for SS 433; about
the fall of 2005. The observations were performed in the R90 thousand are the measurements with a time resolution
band. The detailed data on these observations are preserdédbout 1 s obtained during 2005. The results of our R-
in Table[1. The table provides the information on the dateand flux measurements for SS 433 are summarized in Ta-
of observations (columns 1, 2, and 3), the time resolutioble[d. In Fig[® the examples of the measured SS 433 light
during the observationg\t, column 4), and the precession,curves with various time resolutions are shown. Here and
orbital, and nutation phases of SS 433 at the time of obsesverywhere below, unless stated otherwise, the optical flux
vations (columns 5, 6, and 7, respectively), according¢o tHrom SS 433 is given in the R band in fractions of the flux of
ephemerides taken from the review by Fahrika (2004), seke reference star (see Hg. 1), whose magnitude, according
alsolGoransky et al. (1998b). to our measurements, lisg = 10.57.

In Fig.[ theR-band magnitude measurements for SS 433 The flux measurement errors differ from observation to
obtained during our observations in the summer of 2008bservation, because they depend on the sky background,
are presented. The solid curve indicates the avekage the PSF width determined by the degree of atmospheric tur-
band light curve constructed from the observations blulence, and the like. However, their value is about 2%
Goransky et al.| (1998b) taken from the review|by Fabrikaf the measured flux in most observations. The observa-
(2004). To make this curve coincident with our data, weions performed in the late summer of 2004 are an exception,
set the phase based on the ephemerides of the orbital p&ce the exposure times in these observations were reduced
riod taken from the same review and shifted the magnitudéso much in order to achieve a higher time resolution.
so that they roughly coincided with olR-band observa-  The errors presented in Talple 2 were determined from the
tions. The arrows indicates the time of maximum of the prePoissonian noise of the electrons recorded by the CCD. In
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Table 1. Observation Log

Date Start End At, Phasey

yymmdd MJD s prec. orb. nut.
040830  53247.9597 53247.9929 0.393 0.99 0.51 0.83
040831  53248.8927 53248.9947 0.393 1.00 0.58 0.99
040901  53249.8724 53249.9653 0.393 1.00 0.66 0.14
050612  53533.9452 53533.9525 1.273 0.75 0.37 0.31
050614  53535.9376 53536.0348 1.009 0.76 0.52 0.64
050615 53536.9746 53537.0547 1.275 0.77 0.60 0.80
050616  53537.9440 53538.0480 0.975 0.78 0.68 0.96
050617  53538.9852 53539.0754 0.974 0.78 0.76 0.12
050618  53539.9572 53540.0797 0.974 0.79 0.83 0.28
050619  53540.9113 53540.9917 0.974 0.80 0.90 0.43
050620 53541.9255 53542.0343 0.974 0.80 0.98 0.59
050621  53542.9881 53543.0764 0.974 0.81 0.06 0.76
050622  53543.8850 53544.0576 0.974 0.81 0.13 0.91
050719  53570.8337 53571.0766 0.974 0.98 0.20 0.20
050723  53574.8387 53575.0375 0.974 1.00 0.50 0.83
050724  53575.8974 53576.0754 0.974 0.01 0.58 1.00
050725 53576.9456 53577.0697 0.974 0.02 0.66 0.16
050726  53577.8752 53578.0444 0.974 0.02 0.73 0.31
050727  53578.9636 53579.0651 0.974 0.03 0.81 0.48
050728 53579.9470 53580.0485 0.974 0.04 0.89 0.64
050729  53580.8228 53580.9920 0.974 0.04 0.96 0.78
050730 53581.8715 53581.9959 0.974 0.05 0.04 0.95
050731  53582.8602 53582.9989 0.974 0.05 0.11 0.10
050802 53584.9164 53584.9763 0.974 0.07 0.27 0.42
050804  53586.8539 53586.9369 0.974 0.08 0.42 0.73
051014  53657.8000 53657.8011 0.982 051 0.84 0.01
051028 53671.7010 53671.7236 0.974 0.60 0.90 0.22
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Fig. 5. A segment of the light curve of SS 433, shown at different tsoales. The zero time on all panels corresponddd = 5357792245.
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Fig. 6. Power specrtum of optical flux variability of SS433 duringth Fig. 7. Power specrtum of optical flux variability of SS433 during th
periods of no accretion disk eclipses. eclipses of the accretion disk.

order to take into account the influence of atmospheria jittghat part of the light curve, where the accretion-disk eselip
and other effects, this noise was multiplied by the coreecti were excluded, i.e., the light curve at the orbital phase
factor calculated from the observations of nonvariablessta |@oro| > 0.1. The best fit mode®(f) = fo1[1+(f/ fo)22]Y/2,
which turned out to be equal te 2. Thus, the errors in Ta- where P(f) is the spectral power density, is also shown
blelZ must be close to the true measurement errors. They oanthe Figure. The best fit parameters for this model are
be used to estimate the data quality. However, these errers=-1.15+0.06,a, = —1.80+ 0.13 andf, = 2.43+0.29-

are not used below to study the variability of the object. ~ 1073 Hz. The dotted line in the Figure shows the power law
with a slope of-1.5 that was obtained from the observations
of SS 433 variability in the frequency range 16102 Hz

POWER SPECTRA (Revnivtsev et all, 2006).

The power spectra of the optical variability of SS433 The power-law slope of the power spectrum at high fre-
obtained from our light-curve measurements are shown tuencies isy; +ay = —2.95, i.e., it is steeper as compared
Figs[® andD7. They were measured by averaging the the slope of the spectrum at low frequencies measured
Lomb—Scargle periodograms._(Lonib, 19¥6; Scangle, 198%om our data¢; =-1.15) and to the slope; =-1.5, which
that were calculated from all continuous data segments amnghs measured from the observations at lower frequencies by
renormalized so that to obtain the spectral power density Bfevnivtsev et all (2006). Thus, our data reveal a break in the
the variability in units of the fractional RMS squared. Inpower spectrum at a frequency of neat 2.0 Hz.

Figs.[6 andd7, the spectral power density was additionally In Fig.[d the power spectrum from our observations dur-
multiplied by the frequency in order to compare the poweihg accretion-disk eclipses at an orbital phasg,| < 0.1
in the characteristic frequency intervals. is shown. We see that the flux variability is greatly reduced

The constant corresponding to the Gaussian noise of thering disk eclipses. In this case, as far as can be judged
measurement errors is subtracted from these power specfram the data, the shape of the power spectrum remains ap-
This constant was determined from the power at frequencigsoximately the same as that outside eclipses, while the nor
f > 0.2 Hz. Therefore, it was assumed that the entire varimalization decreases approximately by a factor.6f As an
ability at these frequencies is explained by the measuremesxample, in Figll8 we show the segments of the light curves
errors. This should be close to reality with a good accufor SS 433 outside and during accretion-disk eclipses. The
racy, because even at frequencies- 0.03 Hz the power drop in the optical variability amplitude during the eclys
is observed to be almost exactly constant and its valuseen in this Figure with the naked eye.
from 3x 10 to 4 x 107 for different light-curve segments,  In Figs.[9 andTI0 we show the relation between the mean
agrees well with the constant power that was obtained durirgptical flux from SS 433 and its RMS at 1000 s time scale.
our observations of nonvariable stars with close magng#udd&he filled circles in FigZI0 indicate the measurements when
(see FigR). the orbital phase i$oon| < 0.1 (eclipse), while the open

Figurel® shows the power spectrum of the variability otircles correspond thoon| > 0.1 (out of eclipse). The mea-
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Fig. 8. The examples of SS 433 light curves. Upper panel — out of th&ig. 9. SS 433 optical flux (upper panel) and its RMS at 1000 s timeescal
eclipses of accretion disk, lower panel — during the eclipse (lower panel).

surements with fluxes about 0.14 at the eclipse phase abdtion of the nonvariable flux from the companion star in
with fluxes about 0.09 at the phase outside eclipse corrthe optical band changes this relation. During the eclipse,
spond to the observations on July 19 and September Z8e fractions of the variable and constant fluxes undergo ad-
2005, respectively, when the orbital phase is close to ditional changes, causing the slope of the RMS — mean flux
boundary value ofpor, = 0.9. Thus, it follows from our relation to change relative to the out-of-eclipse case. We
data that the eclipse ingress occurs at slightly differiemé$ see from Fig[ll0 that in the SS 433 optical emission dur-
at different precession phases. ing eclipses there is a nonvariable component with a flux of
With the exception of these points, all of the remainingbout 0.09, which corresponds to a magnitogex 13.2.
measurements show not only a drop in optical flux during
eclipse but also a significant drop in the variability ampli-
tudg. In addition, we see frompFigEl 9 apd 10 that?che VARIABILITY SMOOTHING AND GEOMETRY OF
optical variability amplitude decreases not only during th THE EMITTING REGION
eclipses but also when the optical flux outside eclipse de- As it was shown above, in the power spectrum of the op-
creases. However, it turns out that this occurs slightlyenottical variability of SS 433 obtained from our measurements
slowly than during eclipse. In FifILO the linear regressionout of the accretion-disk eclipses there is a break at a fre-
for the data at fluxes greater and less than 0.14 are shovguency of about 2 x 10 Hz. The presence of a break
We see that these lines have different slopes and the caldnithe variability power spectrum at high frequencies is ex-
lations of their slope estimates shows that they are diiferepected, because the variability must disappear at smadl tim
at a confidence level of about3 scales comparable to the time delay of the photon arrival
The change in the slope of the RMS — mean flux relarom different parts of the source of variable emission. A
tion in these two cases is not something unexpected, becafi@guencyf ~ 2.4- 103 Hz corresponds to a characteristic
the accretion-disk eclipse by the companion star changtige T =1/27f ~ 70 s and to a distande~ 2- 10" cm.
the ratio of the fractions of the fluxes from the variable and The shape and exact position of the break in the power
constant components in the total optical emission recordesgectrum depends on the geometry of the source of vari-
on Earth. Indeed, a direct proportionality between the anable emission. For example, if the entire variable emission
plitude of aperiodic flux variations and the mean flux iriginates on the surface of a homogeneous sphere of ra-
commonly observed in accreting binary systems (see, e.diusR that, in turn, is illuminated by a central source, then
Lyutyj & Oknyanskij, (1987} Uttley & McHardy| 2001). If the flux from an infinitely short flare of this source will be
we could observe only one variable emission component oécorded by a remote observer as a flare with a time pro-
the binary system (as it is observed, for example, in the Xile « (1-t/R0). If the central source is intrinsically vari-
ray energy band), then one would expect the same direable, then the flux recorded by a remote observer will cor-
proportionalyty between RMS and mean flux to be observagspond to the flux from the central source convolved with
at all fluxes. However, the presence of a significant contrthis response function, while the variability power speitr
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Fig. 10. RMS — optical flux relation for SS 433 at 1000 s time scale. Therig, 11. The filled strip shows the power spectrum of the variabilify o

filled circles indicate the measurements during eclipsgoaf < 0.1 the observed optical emission from a homogeneous spheneasizeR =
2.46-10'2 cm (821 s) whose surface emits variable radiation with a power
spectrunP o f715 (dotted line). The solid curve indicates the model fit of

of the flux recorded by the observer will be the producthis power spectrum.
of the power spectrum of the intrinsic variability of certra

source and thel square of the Fourier transform of the aboM% to the Kotelnikov—Nyquist frequency. The slope of the
response function.

To get an id f how th bl ¢ ; spectrum at frequencies near the lowest measured frequency
0 getan idea ot how the vania llity power spec rum .Ordecreases, because the observed power spectrum is a con-
such a sphere will appear, we performed the following si

le simulati At a 10 s fi int [ (which hl Molution of the true spectrum with the power spectrum of

ple simu ad'ort‘- - ? Sf [{E‘e In e:[_rva (whic rou? ]E/ éhe window function and, hence, the power at the lowest ob-
corresponds 1o the time of the continuous segment of Oz 04 frequencies is smeared toward higher frequencies.
servations in our data), we simulated a light curve with a

D . Thus, the slope of the power spectrum at low frequencies
power-law variability power spectrufoc f1°, which was P P P a

then convolved with the response function of the sphere diis_ underestimated in our measurements. For the slope of the
cussed above. After that thz, ower spectrum of th?s time spOWer spectrum at low frequencies to be properly measured,
' ' P P § corresponding simulations must be performed. We are

:l)ecg?csu?eg;aI'cgzdgg\:voeurgshp?cirzavr\?ﬁeﬁr?:;?;;egt?ha; \:)Vsz’eli\s;(g:lmg to do this in future. Nevertheless, these distortions
tional data should r?ot affect strongly the measurement of the break fre-
' . . . . _quency in the power spectrum.

_The power spe_ctrum c_)btamed n _th's way |s_shown " Erom the above example we see that, given a specific
F'g-”:.' with the f|I_Ied St”p' The solid curve |_nd|cates aMNmodel of the variable optical emission source in SS433,
analy_uca(lXI model fit Zc(lf tlr/gs power spectrum 'E the formfrom the observed power spectrum we can determine its ge-
P(f) = T +(f/T0)] 3 with parametersy, i ~1.09, ometrical size with a good accuracy and can even estimate
az = =249, fo = 2.43-10™ Hz. To construct this power the level of applicability of a particular geometrical made

i 2
spectrum, we t_OOk the sphere size tofde 2.46- 10 cm For the most plausible models of the source, we are going to
(82.1s). This size was chosen so that the break occurred aéc?this in future as well

frequencyf ~ 2.43-103 Hz, as it is observed in our data on

the variability of SS 433. The slope of this power spectrum

at high frequencies is found to be steeper than that observed DISCUSSION

for SS 433 (FiglB). This probably suggests that the emitting During our optical observations of SS 433, we used the

region actually has a more complex geometry. CCD setup when not the image but only one-dimensional
In addition to the break at the characteristic frequencylata line was read out after each exposure. This allowed

the model power spectrum in FIgJ11 also exhibits other dige improve the time resolution of the photometric measure-

tortions related to the power spectrum measurement progeents to~ 1 s. At the same time, the signal-to-noise ratio

dure — due to the red noise leakage and other effects, tbéoptical flux measurements remains high — the scatter of

power-law slope decreases at low frequencies and an adttie optical flux measurements for SS 433, whose magnitude

tional small noise component is added at high frequencieis,mgr = 12.5, constitutes only about two percent of the flux,
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i.e., it turns out to be comparable to the expected scateer daptical hot variable source is asymmetric in projectioroont
to Poissonian photon noise. the plane of the sky.

It is important that in these observations the possibil- Our observations also show that the amplitude of the vari-
ity of simultaneous measurements of the fluxes from ability in SS433 decreases sharply during accretion disk
least two stars (the object and the reference star) and atslipses, but it does not disappear completely. This sug-
taining diffrential flux measurements for the object is regests that the size of the variable optical emission sosrce i
tained. Through the observations of nonvariable stars, ws@mparable to that of the normal star, which, consequently,
showed that this allows to remove almost completely the irshould also beRo ~ 2-10*? cm ~ 30R;. The eclipse
fluence of atmospheric turbulence on the photometric meaecurs as if, apart from the variable source, there is also
surements. Therefore, the data obtained by this technigaenonvariable source with a magnitudg ~ 13.2. This
are well suited for studying theperiodicvariability of var- ~ magnitude corrected for extinctioh, ~ 8.4 (Dolan et al.,
ious objects. We applied this observing technique recentf97) corresponds to the absolute magnititie~ -7.2.
in our study of the inner regions of the accretion disks ifNote that about a half of th&-band emission originates
a sample of intermediate polars through the observations if the wind around the binary systemn (Dolan etlal., 1997;
their optical variability (Revnivtsev et Al., 2010). Goransky et all, 1998a).

In this paper, we obtained and studied a large volume of Our estimates of the radius of the normal star and the ab-
data on the optical variability of SS 433. The observationgolute magnitude of nonvariable componentin the source are
were performed during more than twenty nights, mainly ifonsistent with the assumption that the normal star is an A-
the summer of 2005. For our observations, we chose the pi¥pe supergiant, as it was suggested previously from photo-
cession phase when the accretion disk was maximally turngetric measurements during eclipses (Cherepashchuk et al.
toward the observer, because the variability of the source3282) and from the observations of spectral lines of the nor-
this phase is at maximum as well. mal star (Hillwig et al.] 2004;_Hillwig & Gies, 2008). The

The power spectrum of the optical variability in SS433adius of the normal star also agrees well with the esti-
obtained from our light curve measurements out of accrédate obtained from the observations of eclipses in X-rays
tion disk eclipses exhibits a break at a frequency of abodfilippova et al.| 2006).

24107 Hz. At higher frequencies the variability power OnN the whole, the geometrical sizes of the source deter-
falls down rapidly; the power-law slope of the power specthined by studying the optical variability of SS433 agree
trum is ~ —2.95. In spite of this, a statistically significant Well with those measured previously by other methods. It
optical variability of SS433 is detected up to frequencie§h0U|d be emphasized that our measurements were obtained

~ 3.1072 Hz, with its relative amplitude at these frequen_With a new, completely independent technique that uses a
cies being only of order 0.1%. new physical phenomenon for such studies — the smoothing

We propose to explain the presence of a break in the vaff thg flux variabili_ty_ due to a finite light travel time across
ability power spectrum of SS 433 as a manifestation of tHi© Size Of the emitting system. Our results suggest that the
smoothing of the intrinsic variability of the source due tofXISting views of the sizes of the system are mostly correct
its finite size. Under this assumption our measurement §f1d contain no large systematic errors. In addition, we can
the break frequency gives a new, independent of other meffRnclude that the measurements of the aperiodic variabilit

ods, measurement of the size of the variable optical emiSf X-ray binaries in the optical band is an efficient method
sion source in SS433. A frequenéy 2.4- 1072 Hz corre- of studying the geometry of the emitting regions in such sys-

sponds to a characteristic tiffie 1/27f ~ 70 s and a size €MS.
R~ 2-102 cm. As we show above, a more accurate mea-

surement of the size depends on the geometrical model of V& are grateful to TUBITAK National Observatory
the source. However, given a specific model, we can délUG. Turkey), the Space Research Institute of the Rus-

termine its size from our data with good accuracy and caya" Academy of Sciences (IKI RAN), and the Kazan State

estimate the degree of the applicability of this partuager UNiversity for support in using the Russian-Turkish 1.5-
ometrical model. m telescope (RTT-150). This work was supported by the

Our measurement of the size of the variable optical emi —usosl'gg 4F%l:3ng§t|(())ggf70£ %gscl)cz Fig;%jm?. (proi%ctogo(;sl. 422
sion source turns out to be close to the estimate of the siz&” il ol -on_m, 10-0c- :
of the hot optical emission sourc® ~ 2- 102 cm, ob- -02-01145, 10-02-00492, 10-02-91223-ST_a), the Pro-

tained by modeling the energy distribution based on broad!@Mm for Support of Leading Scientific Schools of the Rus-
band photometry in the optical and ultraviolet wavelengtlﬁa'an I_:ederatlon (NSh'50.69'2010'2)’ and the Programs of the
bands [(Dolan et al_ 1997). A slightly smaller sie~ Russian Academy of Sciences P-19 and OPhN-16.
(0.06+-0.09)a~ 3-10* cm is obtained from the measure-

ment of the distance at which an X-ray emitting relativistic REFERENCES

jet emerges from an opaque cloud of matter surrounding tlgegelman M. C., King A. R., Pringle J. E., Mon. Not. R.
source I(Filippova et all, 2006). This may suggest that the Astron. Soc370, 399 (2006).
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