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Awnnoranua. B obsactu co3se3nus Jlebeas HAXOAATCH TPU MCTOYHUKA W3IyYEHUS BBICOKMX SHEPIHIA,
KOTOPBIE YBEPEHHO JETEKTUPYIOTCA PA3TUIHBIMI OpOuTanbubiMu obcepBaropusivu. d1o Cyg X-1, Cyg X-3
u EXO 2030 + 375. TpausuenTHbiii akkpenupyommuii myabcap EXO 2030 + 375 BMecTe ¢ ero OnTHuIeCKuM
KOMITAHBOHOM — 3Be3710i1 BO Ve oTHOCHTCS K KJIACCY PEHTTEHOBCKHUX TBOMHBIX CHCTEM C DOJIBITION MAaCcCOi.
[Mepuom Bpalenust 3TOTO MyJabcapa paseH 42 ¢, a opbutaabHbIi — 46 CyTOK.

Ucnonw3ys mamubre nabmomenuit RXTE B 2007 r. 610 3aperucTpupoBaHOo 9 MOCIENOBATETBHBIX
BCILTECKOB, mocTuraysinux yposus 0.08-0.16 Kpab B sneprerndeckom quamaszome 1.5-12 k3B. Bsuio uccie-
JIOBAHO TIOBEJIEHNE TTOKA3ATEN XKeCTKOCTH 1 3P deKTuBHOro (POTOHHOTO WHIEKCA B TEYEHNUE BCIJIECKOB U
CIIA/I0B B TEPMUHAX aOCOPOIMN PEHTreHOBCKUX KOMIIOHEHT XOJIOIHOM MaTepueil B aKKPEIMOHHOM JIUCKE.
IMukOBOI PEHTTEHOBCKOM CBETUMOCTH UCTOYHUKA, COOTBETCTBYET YMEPEHHAsi CKOPOCTh akkpernun. AmHa-
JIA3 CIIEKTPA, MOITHOCTH MCTOYHUKA MOKA3a I HAJIMYNE KA, BTOPUYHON WHTEHCUBHOCTH, COBIAIAIOIIETO C
nmpoxoxkaeHneM amnacrpona. HabiomaemMoe OTHOIIEHE TOTOKOB B ITEPUACTPOHE U AITACTPOHE PABHO <2 7.
Hanname gByx THKOB 338 OpOUTANBHBIN IEPHUO, MOYKET OBITh 00DbSICHEHO HAKIOHOM ILJIOCKOCTH OPOUTHI K
ILTOCKOCTH aKKPEITMOHHOTO JIMCKA.

OBSERVATIONAL PROPERTIES OF X-RAY TRANSIENT SOURCE EXO 2030 + 375, by V. Fide-
lis. There are three high-energy sources, namely Cyg X-1, Cyg X-3 and EXO 2030 + 375 in Cygnus
region that were clearly detected by different orbiting observatories. The transient accreting pulsar
EXO 2030 + 375 with its BO Ve star as optical companion belongs to the class of High Mass X-ray
binaries. The spin period of the pulsar is 42 s and orbital one — 46 days.

Using RXTE observations in the 2007 epoch we have detected 9 consecutive outbursts reaching 0.08—
0.16 Crab level in the energy range 1.5-12 keV. We investigated the behavior of hardness ratio and
effective photon index during outbursts and dips in the terms of absorption of X-ray components by the
cold matter in the accretion disk. The accretion rate inferred from the peak luminosity is moderate. The
power spectrum of source emission indicates the second intensity peak coincided with apastron passage.
The observed periastron/apastron flux ratio equals = 7. The inclination of orbital plane to plane of
accretion disk may explain the presence of two peaks in the orbital period.

Key words: Be/X-ray binaries — bursters, transients; X-ray sources — EXO 2030 + 375




X-ray binary system EXO 2030 23

(C-B)(C+B)

@
1
FN
=

ok

=
o
2,

Flux, o oy MCrah
o
2
:
R
iy

LMM_'
LR

ol i

1 1

] o

= 2
2 - 10
Flus ¢ oy 8r9 €M~ s [x107]

100 150 200 250 300 350 400 450
MJD(54000+)

Fig. 1. a) Light curve of EXO 2030 + 375 in the energy range 1.5-12 keV. Time quoted in Modified Julian Dates.
The statistical errors are shown. b) Hardness ratio (C-B)/(C+B). ¢) Photon index (see text). For simplicity the
statistical errors on plots b and ¢ do not shown

1 Introduction

Galactic X-ray binaries are among the brightest sources in the X-ray sky. Some of them can be observed
only during short episodes of high X-ray luminosity and called transient sources. Observational studies
of X-ray binaries may gain our insight into physical processes and emission mechanisms that take place
in the vicinity of primary.

The most common type of accreting X-ray pulsar system is Be/X-ray transients, consisting of a pulsar
and a main sequence star of spectral class Be (or O) showing Balmer emission lines (Porter and Rivinus,
2003). The spectral feature of these objects is emission lines associated with the equatorial outflow of
material from the rapidly rotating Be star that probably forms a quasi-Keplerian disk near this star. X-
ray outbursts are produced due to pulsar’s interaction with this disk. Be/X-ray binaries are characterized
by the giant outbursts with luminosity reaching Ly ~ 1037 erg s~! (Klochkov et al., 2007) that equals
~ 10* times the solar luminosity in optic (Le = 3.82 % 1033 erg s71).

EXO 2030 + 375 is a 42 s transient accreting X-ray pulsar placed at distance 7.1 kpc (Wilson et al.,
2002a). It was discovered by EXOSAT during a giant outburst in 1985 (Parmar et al., 1989). The X-ray
pulsation in EXO 2030 + 375 like in other X-ray pulsars may be explained by the oblique rotator model
where X-ray emission comes from two magnetic poles of a strongly magnetized rotating neutron star,
whose rotating axis does not coincide with the magnetic axis (Lamb et al., 1973). During the 1985 giant
outburst when the X-ray luminosity of the source reached a value of Lj_agrer ~ 2 1038 erg s7! (Wilson
et al., 2002a) the spin period of the pulsar changed dramatically with a spin-up time scale — P/P ~ 30 yr
(Parmar et al., 1989).

Outbursts from this system are regularly monitored with the All Sky Monitor (ASM) on the Rossi
X-ray Timing Explore (RXTE), beginning in the 1996 March (Wilson et al., 2002a).
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Fig. 2. Cross-correlation analysis of quasi-uninterrupted ASM data shows orbital periodicity ~ 46 days

2 Observations and data in use

For our analysis we have used ASM archival data taken in the epoch between January 1 and December
31, 2007.

ASM/RXTE consists of three scanning shadow cameras (SSC) attached to a rotating pedestal. Each
camera contains a position — sensitive proportional counter, having field of view (FoV) about 6° and
covering =~ 80 % sky during one revolution, or about 1.5 hours. It accumulates the events in series of
=~ 90 sec “dwells” in which the camera’s FoV is fixed on the sky, using three energy channels A: 1.5-3.0 keV,
B: 3.0-5.0 keV and C: 5.0-12.0 keV. Each dwell is followed by a 6° instrument rotation to observe the
adjacent patch of the sky. The source counts were produced from difference on-source and background
events.

We have used daily averaged ASM data in the sum band 1.5-12 keV. Figure la shows consecutive
outbursts from object reaching 0.08-0.16 Crab level. Each of these outbursts lasted 7-15 days. Flux
estimated in the Crab units (1 Crab unit ~ 74 ASM counts s~1) (left vertical axis on Fig. 1a).

For the purpose of source intensity estimation in absolute units the ASM counting rate was converted
into energy fluxes by using the Crab nebula flux of 2.2 -107% erg cm™2 s~! for the energy interval
1.5-12 keV, i. e. the energy range of ASM (Kirsch et al., 2005). So 1 ASM counts s~! corresponds to
3-10719 erg cm™2 s~1. With this value, the ASM counting rates were converted to energy flaxes (right
vertical axis on Figure 1a). So the X-ray peak luminosity of the source in observing period is L, ~ 2 x 1037
erg s—'. Assuming that the radiative efficiency of the accretion is ~ 10 % (L ~ 0.1M¢?), such L,
corresponds to a mass accretion rate to the neutron star M ~ 2 x 10'7 g s7! or ~ 3.2 x 1079 Mgyr—'.
The uncertainty in this value depends on the system’s distance.

Given the differential spectrum approximated by the power law N(E)dE ~ E~*dE, the spectral index
a may be evaluated as (Ledden, O’Dell, 1985):

o = L9(SB/Sc)
lg(Ec/EB)

Here Sp and S¢ are the spectral fluxes in the energy channels B and C respectively and Eg and E¢ —
the mean energies of these channels. We have investigated the behavior of the complex hardness ratio of
X-ray emission (Fig. 1b) and effective photon index « as the function of time (Fig. 1c).

Only positive values of photon indexes are used. The increasing of hardness ratio during X-ray dips
(Fig. 1la and 1b) is the manifestation of low-energy absorption by the cold matter in the accretion
disk. During the outbursts 1.5-12 keV X-ray luminosity increases by factors ~ 4-8, and X-ray spectrum
softens considerably. There is seen a clear modulation of the signal at the ~ 46 day orbital period. Cross-
correlation analysis of densely sampled data reveals the recurrence intervals of ~ 46 days (Fig. 2). This
finding close to the 46.03 + 0.01 days from BATSE observations (Stollberg et al., 1994).
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Fig. 3. Power spectrum of EXO 2030 + 375. Power density spectra are created by averaging the light curves into
0.05 day (1 hour 12 min) bins and taking an FFT. The resulting power in each frequency bin is divided by the
average power over the whole frequency range. The frequency is plotted in inverse hours

Fig. 3 displays the power spectrum of EXO 2030 + 375. It is obvious that the most emitting X-ray
power located near the periastron passage and & 7 times smaller — near the apastron (the closest and
furthest points of companion’s orbit around the primary).

3 Discussion

So we have presented data on a number of strong outbursts of EXO 2030 + 375 as well as spectral
properties of X-ray emission from this source and correlation analysis. Using the source count rates we
have obtained the 1.5-12 keV energy flux from EXO 2030 + 375 at the peaks of the X-ray outbursts and
inferred the accretion rate on compact object. The spectral analysis has shown the common property
to accreting binary system of differential absorption by matter in accretion disk. The power law photon
index remains nearly constant for fluxes above 2 -107° erg cm~2 s~! and softens considerably in the dips.

The apastron feature indicates that the orbital inclination angle of BO Ve star to accretion disk is likely
not small. Two outbursts per orbit but not fixed in orbital phase are also seen in another 170¢ Be/X-ray
binary XTE J1946 + 274 (Wilson et al., 2002b). So two outbursts per orbit phase may be a common
property of a misaligned X-ray binary systems.
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