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Abstract. We studied the frequency resolved energy spectraeduivalent width of the fluorescent Fe lineid00-200 eV (for
Cyg X-1 during the standard low (hard) spectral state using theource above semi—infinite slab of neutral matter).
data of the Rossi X-Ray Timing Explorer. We found that the The geometry and mutual location of the source of prima
relative amplitude of the reflection features — the iron fluoresentinuum and reflecting medium should affect both the equi
cent line at~ 6.5 keV and the smeared edge abever keV — alent width of the fluorescent line and the character of it’s va
decreases with the increasing frequency. In particular we foualoility. In particular the finite size of the reflector implies tha
that the equivalent width of the iron line decreases abovtdHz  the time variations of the reflected radiation should be smeal
and drops twice in value at a frequency-ofl0 Hz. out on the time scales corresponding to the light crossing ti
The assumption that such behavior is solely due to a finééthe reflector. In addition, time lags between different emi
light crossing time of the reflecting media, would imply thesion components might appear. Alternatively, the geometrical
characteristic size of the reflecter 5 x 10% cm, correspond- different region of the main energy release zone (where the
ing to ~ 150R, for a10M, black hole. Alternatively the lack mary continuum is produced) may have a different efficien
of high frequency oscillations of the reflected component mégr the production of the reflection component. As a result t
indicate that the short time scale, 50-100 msec, variationstiming properties of the reprocessed component may be lin
of the primary continuum appear in the geometrically different the properties of the selected region of this zone.
likely inner, part of the accretion flow and give a rise to a signif-
icantly weaker, if any, reflected emission than the longer time

scale events. 2. Observations and data analysis

Key words: methods: data analysis — stars: binaries: generaf@r our analysis we chose the publicly available data of t
stars: individual: (Cyg X-1) — X-rays: general Rossi X-ray Timing Explorer observations P10238 perform

between Mar. 26, 1996 and Mar. 31, 1996 with a total expos
time ~70 ksec (we used only observations where all 5 PC
were turned on). For the frequency resolved spectral analy,
1. Introduction we used the PCA data in the “Generic Binned” mode, havin

Over the last several years it has become widely accepted thaf€¢-16 Msec time resolution in 64 energy channels cov
the Galactic X-ray binaries exhibit Compton reflection featurddd the whole PCA energy band (B5ms64M.0.249). For an
in their spectra. analysis of Fhe averaged spectrum we used the “Stfandard M
Qualitatively, the reflection component in the X-ray spect@ dat@, which has twice as many energy channels in the ene
of these systems can be described as a broad “hump” at energfdld of our interest (3-13 keV) as the “Generic Binned” mod
of 20-30keV, a fluorescent Fe line at energies 6.4-6.7 keV (de- FOT the obtained spectra we constructed the response
pending on the ionization state of the reflecting medium) affé Using the standard tasks of the FTOOLS 4.2 package w
an absorption edge at the energy.1 keV [Basko et al., 1974, PCA RMF v3.5 (Jahoda 1999): The comparison of the ti
iGeorge & Fabian, 1991). For all geometries which do not ol}d Mode spectra with that obtained from the “Standard Mo
scure the direct primary continuum from the observer, the d&-Showed, that they do not differ by more than 1-1.5%. T
tected energy spectra consists of this direct component (appro&ckground was calculated using the “Q6” modeL(E-based
imately a power law in the 3—-13 keV energy band) and the fhodel, preferable for bright sources does not work for the

flection features. For standard cosmic abundances the expefRz£rvations). However, the PCA background is negligible f
the time averaged spectra of Cyg X-1 in the energy band

Send offprint requests teevnivtsev@hea.iki.rssi.ru 3-13keV. The PCA background contribution to the frequen
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Fig. 1. The ratio of the energy spectra of Cyg X-1 in different frequendyid- 2. Dependence of the equivalent wi_dth Qf the fluorescent Fe line on
bands to a power law model with the photon index= 1.8. Spectra the frequency. For the spectral approximation the powerlaw+gaussian

corresponding to 0.03-0.05 Hz and 23-32 Hz were rescaled for clartye model was used (3-13 keV energy band, the centroid energy and
the width of the line were frozen at the values 6.4keV and 0.1 keV

respectively).

0.4

resolved spectra at the frequencies 0.03—30 Hz is even less im-

portant. in the different energy bands are almost perfectly coherent and
have practically the same form of the PDS (see e.g. Nowak et
3. Frequency resolved spectral analysis al. 1999), the spectra obtained using the procedure above can be

) ) used to describe the real energy spectrum of the source X-ray
We calculated the Power Density Spectra (PDSs) in each enefgy variations on the different time scales. The above expession

chan_nel for every 128 sec time segments using .the standard Eagtalso be easily adapted to describe the energy spectrum of
Fourier Transform (FFT) procedure and adopting the normgjifferent PDS spectrum components.

ization of Miyamoto et al. (1991):
P; = 2|a;]*/N,R 4. Results

0 — i:xkei“’jt‘“ The energy spectra of Cyg X—1 in several narrow frequency
J Pt ranges between 0.03 and 30 Hz are shown iffFig. 1. The change
of the spectral shape with the decrease of the characteristic time
wheret;; is the time label of théith bin, z;, is the number of scale can be clearly seen. The relative amplitude of the reflection
counts in this bin N, is the total number of photons artlis  features, in particular that of the broad line-a6—7 keV and the
the average count rate in the segmeft N, /T, T —total “smeared edge” above 7keV, is apparently decreasing with
duration of the ||ght curve Segment). This PDS normalizatiqﬂe increase of frequency and vanishes abov&) Hz. A|ong
((rms/mearf)/Hz) allows one to obtain squared fractiomabs with becoming less “wiggled” the spectra become harder as
by integrating the power over the frequencies of interest. Thgaquency increases.
the obtained power spectra were averaged over the light curve|n order to quantify these effects we fit frequency resolved
segments and the logarithmic frequency bins. For every obtainrgféctra in 16 frequency bins covering the 0.03-32 Hz range in
frequency binthe frequency dependent spectra were construgfRds—13 keV energy band with a simple two component model
according to the formula: consisting of a power law and a Gaussian line with the fixed
22 energyFj,. = 6.4keV and the width FWHM=0.1keV (that
S(Ei, f;) = Rin/ Pi(f)Af; = ,/%Afj, is comparable with the PCA energy resolution at this energy).
The best fit parameters are given in TdHle 1. The dependence
HereS(E;, f;)isthe countrate of the spectrum on the frequenof the line equivalent width upon frequency is shown in Hg. 2.
f; inthe energy channdl;. Since the light curves of Cyg X-1 As is seen from Fid]2, the equivalent width of the line starts
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Table 1.Best fit parameters of the approximation of frequency depeeated behavior. In particular the centroid energy of the line
dent spectra of Cyg X-1 with the power law + gaussian line (line energjten different from 6.4 keV, the line width in many cases is
and width were frozen at the values 6.4 keV and 0.1 keV respectivelgtge as- 1 keV and a broad “smeared edge” abev@&—8 keV
in the energy band 3-13keV. is observed instead of a sharp absorption edge at1keV
(Ebisawa et al. 1992). This departure from a simple reflecti
Freq., Hz PL slope EW, eV model hints at a complicated ionization state and/or motion (e
(3.9+1.2)x 1072 1.93+£0.01 101415 Keplerian motion in the disk) of the reflecting media.
(7.0£1.9) x107*  1.914+0.01 104412 It is obvious, that the simple spectral model used for fittin
0.12+£0.03 1.91+£001  101£9 the data in the previous section is neither adequate nor c

0.19 4 0.04 1.89+£001  101+8 pletely justified from the physical point of view. The appare
0.30 +0.07 1.894£0.01  98.6 6.4 line centroid energy and width vary with frequency. In particul
0.46 +0.09 1.89£0.01 99.1+5.6 . ; . .
the best fit centroid energy shifts below 6.0 keV and the wid
0.7+£0.14 1.894+0.01 953449 fthe I ds 1keV as the f . Y
107 +0.22 1864001 873444 of the line exceeds 1keV as the frequency increases. Howey
1.63 + 0.33 1.83+0.01 78.4+3.9 due to the lack of a satisfactory realistic model of reflection i
2.48 + 0.50 1.81+£0.01 71.6+4.0 an X-ray binary, especially applicable to the frequency resolv
3.74 +0.76 1.80 £ 0.01 79.6+4.7 spectral data, we restricted ourselves to the simple two com
5.63 +1.14 1.754+0.01 65.14+5.8 nent model described in the previous section. The main purp
8.48 +1.71 1.704+0.01 62.9+7.9 of using this spectral model was to quantify the major effe
127126 1.63+£0.01 46.2+12.8 which is clearly seen in Fi§] 1, namely the suppression of t
19.243.8 1.62+0.01 < 48° reflection features in the energy spectrum with the increase
2754+ 4.5 1.63 £ 0.01 < 57° frequency.
* 20 upper limit The results of the analysis presented in this paper show t

the relative amplitude of the reflected component variations
lower on the short time scales 60-100 msec), than that of the
decreasing above 1 Hz and falls by a factor of 2 at 10Hz. primary X-ray radiation. A similar effect was found by Ooster
No significant flux inthe line was detected above 15 Hz withra 2oroek et al. (1996) for GS 2023+338 but the characteristic ti
upper limit on the equivalent width in the 15-32 Hz frequencscale in this case was much longe200 sec. GS 2023+338 is
range of~40eV. peculiar in many ways. In particular the source exhibited stro
Variations of the parameters of the spectral model, in pd& 10%* cm~2) and highly variable (on the time scales-ofl0?
ticular the change of the line centroid to 6.0 and 6.7 keV and taec) low energy absorption (e[g. Zycki et al., 1999) and, m
increase of the line width to 1.0 keV, do not change the genetajportantly, extremely strong Fe line with equivalent width o
trend. These variations, however, affect the particular valuesugf to 1.4 keV [(Oosterbroek et al. 1996), That could mean t
the equivalent width and, to some extent, the shape of the cugg®metry of the reprocessing media in GS2023+338 is diff
in Fig.[2. The change of the line centroid energy to the 5 keV ent from that in Cyg X-1. Recently we found the suppressi
9keV, on the contrary, results in the disappearance of the effetthe reflected component variations in the low spectral state
Finally we should mention that similar behaviour of the freanother black hole candidate, GX339-4 (Revnivtsev, Gilfan
guency resolved spectra was detected in Cyg X-1 observatién€hurazov, 1999). In this case the characteristic time sc
20175-01-01-00, 20175-01-02-00 and in all available obsera-50—100 msec) was similar to that in Cyg X—1. We, therefor
tions of the set P30157 (01-10), performed in 1997 but wigan tentatively conclude that such behavior might be a comm
lower significance. feature of the black hole binaries in the low spectral state.
A most straightforward explanation of this effect would b
in terms of a finite light crossing time of the reflectQeg ~
l.ei/c, caused by a finite spatial extedy of the reflecting
A time averaged energy spectrum of Cyg X-1 (e.gnedia. From Fid.]2 one can see that the equivalent width
Ebisawa et al. 1992, Gierlinski et al. 1997) as well as frequenig iron line drops by a factor of two at the frequengy, ~
resolved spectra at low frequency (Fiy. 1) show a clear deviatibhHz. This value gives us a rough estimate of the characteris
from a single slope power law spectrum. This deviation is corfésponse time of the reflectoyq ~ 1/27f1/2 ~ 15 msec
monly ascribed to the reflection from an optically thick medi@nd the characteristic size of the reflecting medig ~ 5 x
located in the vicinity of the production site of primary hard0® cm which would correspond te 150 R, for a10M, black
X—ray radiation. In a simple case of reflection from an opticallyole. We note, however that if the primary continuum originat
thick cold neutral medium the main reflection features are wafithin the ~ 10R, sphere in the inner zone of the accretio
known (Basko et al., 1974, George & Fabian, 1994 narrow disk, then only a small fraction of the emitted hard radiation h
unshifted ironk, line at 6.4 keV with an equivalent width ofthe possibility to be reflected from the accretion disk regio
~ 100eV, an absorption edge at 7.1keV and a reflected With R 2 150R, (in the case of a flat disk) and it can hardl
continuum peaked at 20-30 keV. However, the real spectraProvide the observes 100 eV equivalent width of the iron line.
of compact X—ray binaries show considerably more compﬂ'herefore, the assumption that high frequency variations of t

5. Discussion
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