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ARSTRACT

We have simulated, using a Monte Carlo method, intensity time series representing the time behaviour of
sume high mass X ray binaries. Taking into account some physical models of the accretion processes, we
have parametrized different physical conditions on Ue source. The resulling ime series have been analysed
by Fast Fourier Transloom lechniques. Using different sets of parameters we have been able to generate
power speclra of differen) shapes, Some preliminary results ol these simulations and o comparison with an
ohscrved spectrom of a galactic X ray binary are discussed.

INTROTAICTION

Aperiodic variability seems Lo be a Lypical behaviour of the emission from some X ray binary sources. In
fact, when analysed via the Fusl Fourier Transform (FFT) techniques, the Power Spectrum Densily (PSD)
of the X-ray intensity ofien shows & power distribution that roughly decreases with increasing frequency,
L. atypical Red Moise (RM) [eature /1,2/.

In a very general way the X ray emission from these sources is often associated with the process ol the
sceretion of matter from the "normal” companion onto the compact object (nealron star or black hols),
Thers are severyl suggestions, in differemt models describing (he physics of the accretion processes, that
plasima instabilitics could originate in the radial flow of the accreting matter towards the compact chjes ar
in ihe innermost zones of the acereting disks /37 or during e inlersctions of the plasma with the inense
magnetic fields thal could eaisl near the surfuce of the degenerae star 4,5/, Only to give some examples
of the formation of (his kind of inhomogeneities we remind that, in some cases, the plasma of the internal
regions of the accreting disk on a black hole could clump in spheroidal strucrures resembling planets /6,77,
otherwise, when a neutron slar wilh un intense magmetic field is present, the plasma penetration through
the magnetosphere (mainly driven by the Rayleigh-Taylor instabilities) occurs via the fonmation of long
filaments of mateer falling thraugh the magnetic field lines /8,9, 10Y. The nlimaie fate of these clumps of
matter i5 still unclear: they could cither be partially or completely destroyed by gravitatonal tidal forces or
{in the presence of the magnetic field) by the onsets of Kelvin-Helmoltz instabilities, or survive until the
impact with the neutron star surface or the approach 1o the event horizan of the black hole /11,12,13/. In
particular, if the compact phjeel is 4 neutron star, the sudden stop of this falling matier near the neutron star
surface can produce, mainly through thermal brehmssirahlung process, the X-ray emission. So il the
matter accretes in a terbulent way, clumpsed in blebs, this will cause a flickering emission sigmal, otherwize
il the matter aceretes with & non turbulent quasi laminar flow this will originate the uniform emission
component, We suppose that a single blob can emil X-rays in a shot, so we represent this emission with an
intensity that rises abruplly (verlically) and decreases exponentially with time, Due to the casual vocurrence
of the blobs these emissions are supposed to occur randomly (stochastical) in time. This kind of process is
called Exponential Shot Moise Process /14,15,16,17/.

Having this picture in mind we Lry o sludy the PST shape as produced by inhomogeneities (blobs) in the
plasma flow during the aceretion process in order to obtain informations and constrainis on some
paramelers deseribing the physics of these systems,
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THE LINK BETWEEN THE PHYSICAL M OLEL AND SOME FEATURES OF
THE PSD

We have simulated, using a Monte Carlo method, & X-ray intensily lime series 1{L) as buill up by two
compenents: an uniform component Tyn(t) and a shot compenent Tgy(1). The unitform component derives
from # homogeneous accretion flow and can be represented as o constan intensity value. The shot
component of Lhe signal derives from the uceretion flow clumped in blobs and can e represcnied as @
superposition of cxponential shols pecurring rmdomly in ime. We used the exponential shape as a simple
way to represent the shol signal caused by the acercling blobs: hlobs af different size amnd shape ars
descrihed in this simplified peo-parameler model varying the area under the pxpunential 4 anid the decay
firme 1. Tn addition we have supposed thar different fractions of the two kinds of accretion flows could be
forced by e magnede field strengih Lo acerets onio polar caps of (he spinning neutron STAT 50 We have
coupled the resulting amission with a peridic modulation [unction, This fonction is build up a5 & sum of
harmonics of the pulsar spin period and is normalised in ordder 1o let the mean involved flux unchanged.
The underlying physical seenario deseribed above is sketched in fig, L
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Fig. 1. Decompusition of the inlensity Lime series,

The simulated intensity lime series ML) is suitable for analysis wilh o Fast Fourier Transform (FFT)
algorithm, The resuling peD ie novmalized, following Loahy /18/, Lo the wial number af photons of the
data sel in order o ohiain for a pure poissonian counling noise a mean value and a standard deviation of 2.

The T'SD shape of a pure exponential shot noise with different values of time decay T, are shown in fig.2.
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Assuming a pure exponential shol noise miklel plus a constant uniform signal each with dillerent degrees
ol coupling will a periadic mudulation, wi were able 1o derive some relations between SOME
characleristics of the PSD and some physical paramelers of the model,
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where & is the mean shot rate; Vo 15 the minimom frequency in the PST; By, is the power dus to the shot
noise,

THE BROADENING OF THE HARMONIC LINES DUE TO THE COUFLING
SWITH THE SHOT COMPONENT

We have sludicd e effects ou e PSD ol a periodic modulation of e sl component. This modulation
ean produce, under pardicular circumstances, a broadening of the harmonic lines in the PSI2 spectra, In fact
the pariodic. modulation of the shot component, consists in a multiplication of the involved signal by a
periedic function. In the PSD spectra this corresponds to a convolution of the shot neise spectoum with the
larmonic loes of the pulsalion leadiog Loy slighl broadening of the lines. This broadening i strongly
dependent on the shape and the intensity of the shot noise component and mainly on the degree of coupling
with the periodic modulation. In addition the relative position of the lines compared o the intlexion point in
the exponential shol noise spectrum is also imporlanl. Actually il the duralien of the shols is shorler than
the period of the modulation the broadening effect is, of course, negligible (the shots live too short o
"eel” the modulaion), otherwise if the decay time of the shots is longer than the pulsar spin pericd the
effect could become deteclable. In the PSD's tealm this slatement inplies al if the inflexion poiol of Qw
shot naise specira (that roughly pives the inverse of the duration of the shats, see fig,2) lics rightmaost than
the harmonic lines the effect is ondetectable, in the opposite case the effect could become evident, In any
case if the pulsed signal is due only o the wnifonn component no broadening of the lings can oeeor at all,
These behaviours are shown in g 3 where we used the same modulaton Gomelion, different smonnts of
uniform and shot components, dilferent degrees of coupling with the modulation and different sizes and
lengths of the shots.
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Fig. 3. P5Ds of an exponential shol component and an uniform componend coupled with a periodic
modulalion lmelion (eurves 1)y PSTs of an cxponential shot component coupled with a periodic
mexlulation function and an uniform component (curves b). Note the broadening effect of the harmenic

lines in the case of shot coupling with © » pulse period (curve b botom panel ).
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SIMULATION OF A REAL SOURCE

We have tried to reproduce the PSEY of the high mass Xeray hinary CEN X-3 ohlained using a scl of data
from EXOSAT archive. This spectrum 5 shown in fig. 4. Performing an analysis of the light curve and of
the PSD of this source we have been able w obtain some characteristics of the intensity time series:
Ieo=202 plfs, In=89 ph/s, Pad¥mini=100) tms=0.22, In the hypothesis of an exponential shot noise
medel and an uniform component each coupled with a periodic modulation |, we have obtained, using the
relations listed above, one set of possible values for some characteristics of this Xray signal: Bsp=0.0,
Bun=1, ;=202 phfs, T;n=89 plys, A=2.82, ==1.814 5, A=72 ph. The PSD obiained usiog thess values
as inpul paramelers is show in Og, 4.
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Fig. 4. Observed and simuolaced PST of X-ray binary Cen X-3
COMCLLISTONS

Adoptling this simplified exponential shot noise muodel we are able o derive some guantitative relations
aboil some physical parameiers of the system and (o ronghly reproduce the observed TSI specita of an X-
ray binary pulsar. In addition we showed that, in line of principle, some detailed features of a PSD
speclrom can give some informulions oo the acerelion processes (g, the degree of funnelling onlo polar
caps of the shot noise component). A lor of information can be extracted simulating the source for different
sets of possible parameters and coretully comparing the resulting PSIY with the real one. These
infonmations can be wsed w constrainl e physical seenario of cach souree,
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