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Abstract We discuss selected results of observations of cataclygamiables (CVs) and re-
lated objects by the instruments IBIS (far X-ray and gammaimager) and OMC (Optical
Monitoring Camera) onboartNTEGRAL. We concentrate on the analysis of the time be-
haviour of the intermediate polar (IP) V1223 Sgr, seen siamdously by IBIS and OMC in
a state which we call a shallow low state. We present far Xsqgctra £ up to 60 keV)
and the relation between far X-ray and optical flux. We derrates the stability of this re-
lation and of the profile of the X-ray spectra during this etaver an interval of 400 days.
We also present far X-ray observations of some other mag@&ts and show that the sys-
tems with magnetized white dwarf (like polars and IPs) apfehe the most promising CVs
for INTEGRAL. We also include the examples of the OMC light curves and sthawthe
outburst and a low state of IX Vel are caused by the mass &amafiations, and not by the
thermal instability of the disk.
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1 INTRODUCTION

Cataclysmic variables (CVs) are close binary systems irchwinmass accretion from a late-type main-
sequence, lobe-filling star onto a compact object (whiterfl(¥&D) in our case) occurs. Generally, CVs
are X-ray sources. Their observed X-ray and optical agtiliiminosity and spectrum crucially depend on
the mass accretion rate and the strength of the magnetic field (MF) of the WD. Thisrggte generally
increases from non-magnetic CVs with disks through inteliate polars (IPs) to polars in which the disk
is disrupted completely. Bremsstrahlung is the dominamt@ss for the X-ray radiation of CVs (see Warner
(1995) for a review).

Symbiotic systems are a heterogeneous group and are theéimgl cousins of CVs and X-ray bi-
naries (e.g. Mikolajewska & Kenyon 1992). The accretor igally a WD, but a neutron star or a main-
sequence star are present in some systems.

Four instruments (far X-ray and gamma-ray imager IBIS, spateter SPI, X-ray monitor JEM-X,
optical monitoring camera OMC) onboaEBA INTEGRAL (Winkler et al. 2003) enable us to obtain si-
multaneous information in the optical, medium X-ray, fara§s, and gamma-ray spectral region (or at
least a suitable upper limit) for each CV in each scan or fi€lte CV analyses represent a part of the
INTEGRAL Core Programme (CP, topic 5.5, responsible scientist Reejud’he numbers of known
CVs and symbiotics observable during Galactic Plane S&aRS) were discussed I8imon et al. (2004a).

Based on observations withVT'EGRAL, an ESA project with instruments and science data centréeftliiby ESA member
states (especially the Pl countries: Denmark, France, &gynitaly, Switzerland, Spain), Czech Republic and Pqgland with the
participation of Russia and the USA.
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Fig.1 Co-added frames of the field of V1223 Sgr obtained by IBIShwhite starting exposure time in
JD 2452730.2 and the integration time of 66700 s. Left pab®k25 keV passband. Right panel: 25—
40 keV passband. Size of the fieldd$° x 6.8°. North is up, East to the left. The positions of several
neighbouring bright X-ray sources are labeled, too.

2 OBSERVATIONS

The observations byNT EG RAL are carried out in the form of so-called science windows (@&ach of
them lasting for about 30 min. All the onboard X-ray and garmapainstruments carry out uninterrupted
observation while OMC secures a series of images duringpiiedd. The individual ScWs of a given
field can be co-added to form a so-called mosaic, suitablarfadentification and measurement of fainter
objects.

It emerges that CVs can be positively identified in the IBISsaios, particularly the magnetic ones.
The energy bands of IBIS can be defined by the user to obtafitisat signal to noise ratio and, at the
same time, sufficient energy resolution for the study of iowttus spectral profiles. We used OSA soft-
ware ver. 4.2 for this analysis. The fluxes were extracted-ByQ@aussian fit usingrosai c_spec (part
of the new OSA release). For the spectral analysis, XSPEC11e3.0 and the recent response matrices
(r nf 0014, r nf _0007) were employed.

The OMC image consists 6¥100 subwindows, each of them containing an object from damua.

It enables a precise photometry, including an analysismitiright variations of brighter CVs. The expo-
sure times are 10s, 30s and 100s. We found that only the 108cs@se times yield sufficiently small
observational errors to be useful for the study of rapid Hirigss variations in CVs brighter than about
13.5-14 magd() while the 30 s exposure times can be included for the studpjefcts brighter than11.5—

12 mag{’). OMC also provides us with the information on the opticagbtness simultaneous to the far
X-ray and gamma-ray band.

3 RESULTS

Here we present selected results of our observations of @dsrelated systems with IBIS and OMC
onboard NTEGRAL.

1223 Sgr:This IP displays a strong long-term activity (e.g. Garna\8cSzkody 1988). AFOEV observa-
tions show thatNTEGRAL (Fig. 1) caught itin a state of brightness definitely lowentlthe average, which
we call a shallow low statel{ ~ 13.5). We have a unique opportunity to investigate the relatietwieen
the activity in the optical and far X-ray region (Fig. 2a) astatain far X-ray spectra (Fig. 2b). Even in this
state, both the profile of the optical modulation with theitdtperiod P,,;, and the phase of the minimum
light are in good agreement with those determined by Jakié@nSteiner (1987) (Fig. 2c). A period search
in the residuals was undertaken using Scargle method (8cE®§2) included in the code AVE. The beat
period Pyeat =~ 794 s (Steiner et al. 1981) is found to be still dominant althoatgio the rotational period
of the WD, P, =~ 746 s, (Osborne et al. 1985) can be marginally present.

GK Per: This IP (e.g. Watson et al. 1985) exploded as a classical mo¥801. Fluctuations by-1 mag
and later dwarf nova-type outbursts appeared after retuquiescence (e.g. Hudec 19&imon 2002).
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Fig.2 (a) Time variations of thd” band magnitude and far X-ray intensity of V1223 Sgr. The {oin
each panel are connected by the line only for convenigiijd=ar X-ray spectra of V1223 Sgr from IBIS.
The Julian Date of each spectrum is listéc) The OMC data folded with the orbital peridé,., (only
images with 100 s exp. time). The solid line represents thy fihe moving averages with the semi-interval
of 0.15 phase.
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Fig. 3 Left panel: Co-added frames of the field of GK Per obtainedBiglon 19th March 2003 and 27—
29th July 2003 (25-40 keV). The total integration time is 3@8. Size of the field ig.1° x 3.0°. North

is up, east to the left. Right panel: comparison of the meakstiux of GK Per in the IBIS image and the
synthetic bremsstrahlung spectrum with the parametens fsbida et al. (1992).

These outbursts are accompanied by a large increase of tiamm-ray luminosity (e.g. King et al. 1979,
Simon 2002).

IBIS observed GK Per on two occasions in the interval of qeease between the outbursts. The sys-
tem was positively identified in the 25-40 keV band (Fig. 3cdmparison of the measured flux with the
synthetic quiescent bremsstrahlung spectrum with thenpetiers from Ishida et al. (1992) (normalization
0.0039 # 0.0002 photon cnT2 s7! keV~!, kT = 32 keV, Ny = 10?2 cm~2) shows a relatively plausi-
ble agreement (Fig. 3). We note that our observations wetaraad during the time interval between the
neighbouring outburstat = 973 days; they started at42 percent of this interval (measured since the
previous outburst). The reference spectrum in Figure 3 vedsrohined from the measurements obtained
during At = 983 days (they started at29 percent of this interval). This can suggest that the armofun
matter arriving to the WD and the parameters of the X-ray tmgitegion on the WD remained almost the
same during these phases of the quiescent intervals.
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Fig.4 Left panel: Co-added frames of the field of V1432 Agl obtaihgdBIS, starting in JD 2452756
(15-40 keV). The total integration time is 37160 s. Size effibld is9.4° x 6.9°. Right panel: Co-added
frames of the field of V2400 Oph obtained by IBIS in JD 2452732,2452920 and JD 2453054 (15—
40 keV). The total integration time is 53760 s. Size of thaifigl9.2° x 7.2°. North is up, east to the left
in both panels.

V1432 Agl: This is a desynchronized polar, whosk,, = 3.37 hr differs from P,,; by ~0.3 percent

(Patterson et al. 1995). The system was identified in the @ke¥ band of IBIS (Fig. 4). The flux in the
15-40 keV passband &81 x 10~* + 0.90 x 10~* photon cnT2? s~!. OMC showed the mean optical
brightness of 14.6 mag() during thel NT EGRAL observations.

V2400 Oph: This is a diskless IP witlP,,, = 3.4 hr, P,y = 927 s and the beat perioB,..; = 1003 s
(Buckley et al. 1997). IBIS observed V2400 Oph on three docasand the system was identified in
the 15-40 keV band. Since the OMC data show a stable leveleobfitical brightness between 14.6—
14.9 magVl’), a mosaic composed of all the data was made (Fig. 4). Therflthei 15-40 keV passband is
9.37 x 107* 4+ 1.14 x 10~* photon cn72 s~ for the combined measurements.

IX Vel: This objectwas identified as a nova-like system by Garrisah €1984). It was not detected in IBIS
mosaic; the upper limit of the 13—40 keV fluxliss x 10~* photon cnt?2 s~! (integration time 511000 s).
OMC covered two important events of this system — an outhwithktthe duration of less than 14 days and
a short episode of a low state. Superposition of both eversisawn in Fig. 5. The latter set is fitted by the
code HEC13, written by Dr. Harmanec and based on the meth¥drafrak (1969, 1977). It can be seen
that the time scales of the decaying and rising branchestbfédy@nts can be taken as comparable.

We can determine the mechanism governing this activity.ffdtare of variations in nova-like CVs is
controversial and the thermal instability of the outer disgion is supposed also to play a role (Honeycutt
2001). Decay rate of the decaying brang)) measured in days mag, is an important parameter in this
regard. The values afy of non-magnetic dwarf novae (DNe) as a functionffy,, taken from Warner
(1995), are displayed in Fig. 5. The disk evolves on the tlabtime scale during the final decaying branches
of outbursts in DNe, which is given by the propagation of tbelmg front. On the contrary, we fine,
of IX Vel to lie far above the relation for DNe. The disk in IX Mihus appears to evolve on the viscous
time scale, which means that the transition to the low s&teot caused by the cooling front, but can be
attributed to the variations of the mass transfer rate fioendonor star. The “quiescent” level before and
after the outburst is the same as the bottom of the low stdieshwsuggests that mass transfer variations
can explain both events.

Cl Cyg and RS Oph: The eclipsing symbiotic system ClI Cyd{:, = 855 days (Aller 1954)) under-
goes occasional outbursts with an amplitude-@& mag{’) (e.g. Ruiz 1992). OMC observations caught
it in quiescencel( =~ 11) and out of eclipse. We searched for rapid and non-orbitétrans and found
the brightness to be stable Bt~ 11 on the time scale of days, with no flickering. This is impottsn
comparison with RS Optjmon et al. 2004b).
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Fig.5 (a)Superposition of an outburst (duratien 14 days) and a short episode of a low state in IX Vel.
The first packet of data preceding the outburst comes fromdH2796 (out of the scalejb) Decay rate of
the decaying branches of outbursts of non-magnetic DNe anaidn of P,,. The position of IX Vel is
marked.

4 CONCLUSIONS

INTEGRAL is suitable for the detection and observation of CVs withithedest X-ray spectra. This is
true also for the symbiotics with the hardest X-ray spectaeding to the classification by Mirset et al.
(1996); V2116 Oph in the IBIS image of V2400 Oph can serve asxample. The OMG/ band observa-
tions are helpful even for those CVs too faint in far X-ray §iz@nds to be detected by IBIS. Simultaneous
IBIS and OMC data enable us to investigate the relation betvier X-ray flux and optical magnitude of a
given CV and enable us to relate the processes in the diffezgions of the system.
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DISCUSSION

NICOLA MASETTI: Can you give an order-of-magnitude average luminosity t{gn X-ray bands ob-
served withf NT EGRAL) for these cataclysmic variables?

SIMON: We can say that the typical luminosities of IPs detected B§JBamely GK Per, V1432 Agl and
V1223 Sgr, are of the order af)3? — 1033 erg s ! in the soft passbands of this instrument.



