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Abstract

Cataclysmic variables and especially intermediate polars represent significant fraction of all INTEGRAL
detections in hard X-ray/soft y ray. Our deep survey of all known intermediate polars revealed 5 new
sources, previously undetected by INTEGRAL. Our analysis based on all available observational data
from INTEGRAL/IBIS and INTEGRAL/JEM-X showed that the fluxes of some intermediate polars are
long-term variable. Moreover this hard X-ray/soft y ray variability is correlated with the changes in
optical spectral band. The broad-band spectra (3 - 100 keV) of surveyed intermediate polars can be well
fitted by a thermal bremsstrahlung model, with reflection from an optically thick cold medium (the
surface of the white dwarf) in some cases.
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1. Introduction

Cataclysmic variables (CVs) are a special group of eruptive variable stars with more than 1600
particular objects [1]. They manifest strong activity related to mass accretion in the whole
spectrum from radio up to Y rays on the time-scales from seconds to millions of years.

CVs are close binary systems consisting of a hot white dwarf (WD) and red main
sequence star (spectral type M or K), which fills the volume of its inner Roche lobe and
transfers matter to the vicinity of the WD [2]. According to strength of WD magnetic field, this
matter is creating an accretion disk or follows magnetic lines and falls onto the surface of the
WD. Magnetic CVs are a small sub-set of all catalogued CV systems and fall into two
categories: polars and intermediate polars (IPs). In IPs, the WD magnetic field (10° — 10’ G) is
generally not strong enough to disrupt disc entirely (as in polar systems) and simply truncates
the inner part of the disc, resulting in an accretion flow that is channelled down towards the
magnetic poles and onto the WD surface.

In a simple model of a column of gas impacting the atmosphere of the WD, a shock will
form [3] and hard X-ray/soft y-ray emission will result from thermal bremsstrahlung cooling by
free electrons in the hot post-shock region (PSR) with kT ~ (5 — 60) keV [2]. Reflection of the
bremsstrahlung photons at the WD surface also contributes to the hard X-ray spectrum [4]. The
role of the two-temperature plasma was studied and the dipole magnetic funnelling was
considered in the recent investigations [S]. The influence of Compton scattering on the broad-
band X-ray spectra of IPs is significant only at high accretion rates and large WD masses [6].
The plasma temperature in the PSR depends on the free-fall velocity at the WD surface and,
therefore, the X-ray spectra of IPs can be used to determine the WD mass [6].

The IPs are the most luminous and the hardest X-ray sources among accreting WDs. In
hard X-rays, these objects seem to be more luminous (up to the factor of 10) than polars [7]. In

the strongly magnetized (B > 107 G) polar systems, cyclotron radiation is an important cooling
mechanism, which suppresses the high temperature bremsstrahlung emission, whilst it should be
negligible for the IPs. This could explain why the majority of the CVs observed in the hard
X-ray band are IPs.

IPs have been recently proposed to be the dominant X-ray source population detected near
the Galactic centre [8]. IPs also contribute significantly to the X-ray diffuse Galactic ridge
emission [9]. Moreover, most of the known CVs detected by INTEGRAL are IPs.

2. Observations and analysis

We used publicly available observational data from INTEGRAL/IBIS to search for hard X-ray
emission of all known IPs. This observational material represents over 8000 individual
pointings obtained during almost 5 years (total exposure time over 23 Msec). The list of the IPs
was extracted from the Living Edition of a Catalogue and Atlas of Cataclysmic Variables [1]. In
total, we found 65 IPs in this catalogue. The mosaic were prepared in (20-40) keV, as majority
of the previously detected IPs emit mainly in this energy band.
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We used all available observations from INTEGRAL/IBIS to study possible variability of
V 1223 Sgr in hard X-ray/soft y ray spectral bands. This observational material represents 1375
individual pointings (total exposure time 1405.5 ksec) obtained during almost three years
(MJD 52710.38 - 53809.25). INTEGRAL/OMC data were used to looking for long-term
variability of V1223 Sgr in optical spectral band.

We used all available data from INTEGRAL/JEM-X and INTEGRAL/IBIS to study broad-
band X-ray spectra of the selected IPs: V 709 Cas, GK Per, V 1223 Sgr, IGR J16167-4957 and
V2400 Oph. To process the data, we created mosaic images of the corresponding regions to
extract the list of all detected sources, and then we extract the spectra.

Observational data used in our analysis were processed by INTEGRAL's Offline Standard
Analysis Package OSA7. The libraries grid.py and ms_suite.py developed by FM were also used
for the data processing and preparation of the final mosaics. Spectral analysis was performed
with the XSPEC version 11.3.2 [10].

3. Results

We performed very careful inspection and analysis of all obtained mosaics. In some cases
(V1062 Tau, V2306 Cyg) the analysis was complicated by presence of very bright source (Crab,
Cyg X-1) in the resulting mosaics. We can conclude that we are not able to find significant
detection of the X-ray emission in the mosaics for 43 known IPs. On the other hand, in the 5
cases, namely AO Psc, TV Col, XY Ari, V1062 Tau and V2306 Cyg we can declare new,
previously unreported detection of the X-ray emission in the (20-40) keV mosaics. The
corresponding fluxes as well as their errors are listed in Table 1.

Now, the sample of IPs detected in (20-40) keV energy band has 18 members, which
represents almost 25% of all known IPs. Nevertheless, some IPs are not detectable even we
have significant exposure time (more than 4Msec) for these sources. This fact can be related
with activity state of these close interacting binaries. So, in the next investigation we concerned
in correlation between the activity state and X-ray emission of the IPs.

Table 1. List of newly detected IPs.

Source RA Dec _11";(20-40) V. .. Significance Exp. Time
(J2000) (J2000) [10" “erg cm™s '] [ksec]
XY Ari 02:56:08.10 +19:26:34.0 17.8 £4.7 3.9 42.0
V1062 Tau 05:02:27.47 +24:45:23.4 11.9+1.5 7.8 462.0
TV Col 05:29:25.52  -32:49:04.0 284 +1.1 259 990.0
V2306 Cyg 19:58:14.48 +32:32:42.2 7.2+£0.5 12.9 1713.0
AO Psc 22:55:17.99  -03:10:40.0 16.1 £ 1.8 8.7 273.0
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3.1 Long-term variability of V1223 Sgr

Intermediate polar V 1223 Sgr is a bright X-ray source (4U 1849-31) with possible X-ray
flare activity. Unusual high energy burst (a flare lasting for ~ 3.5 hrs with a peak flux ~ 3 times
that of the average) was observed by INTEGRAL/IBIS at MJD = 52743 [11]. A short-term burst
(the single outburst lasted 6 - 24 hrs and resulted in an increase in flux by a factor of 3) has also
been detected from this system in the optical [12]. These outbursts are probably a result of disk
instabilities or an increase in mass transfer from the secondary but there is no correlation
between optical and X-rays burst activity. Moreover the episodes of deep low state (decrease by
several magnitudes) of V 1223 Sgr in optical band were also detected [13].
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Figure 1. INTEGRAL/IBIS light curves of V 1223 Sgr in corresponding energy bands. The arrows

represent 36 upper limits.
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Figure 2. INTEGRAL/OMC light curve of V 1223 Sgr in optical spectral band. The red crosses
represent average values of magnitude in the corresponding seasons.
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The overall INTEGRAL/IBIS mosaics showed that V 1223 Sgr is detectable up to 80 keV.
During monitored period the mean fluxes of this object were (103.0 + 3.9)x10"* erg cm™ s™,
(46.4 + 1.4)x10™"* erg em? s, (15.1 £ 1.5)x10™" erg cm” s and (12.3 +2.0)x10™" erg cm” s

in (15 - 25) keV, (25 -40) keV, (40 - 60) keV and (60 — 80) keV band, respectively.

The inspection of the data showed that observations were obtained during 7 separate
seasons. As the next step we splitted the data according these seasons to investigate long-term
X-ray/y ray variability. The light curves are displayed in Figure 1. It is clear that the fluxes
especially in (15 - 25) keV and (25 - 40) keV bands are long-term variable with significant drop
around MJD ~ 53 650.

The optical light curve of V1223 Sgr based on available INTEGRAL/OMC data is showed
in Figure 2. We can see that optical brightness of this source is long-term variable. Moreover
these variations are correlated with the changes in (15 — 25) keV, (25 - 40) keV and
(40 — 60) keV spectral bands with correlation coefficients 0.81, 0.82 and 0.89, respectively.
Significant part of optical emission from IPs is produced by a hot spot, where the matter from
donor star interacts with outer rim of the accretion disk. X-ray emission is produced by
interaction of the accreting matter with the WD surface. So, the emission in both optical and
X-ray bands is related with mass transfer and therefore observed variations are probably caused
by the changes in mass accretion rate.

3.2 Broad-band spectra of IPs

In all but one case (see below) the broad-band (3-100) keV spectra of investigated IPs
based on all available observation data from INTEGRAL/JEM-X and INTEGRAL/IBIS were
well fitted by a thermal bremsstrahlung model with post-shock temperatures kT ~ (20 — 25) ke V.
The best fit parameters are listed in Table 2. The fluxes Fa.aopev and Fg.100key Were extracted
from the mosaic images. The broad-band (3-100) keV spectra together with the bremsstrahlung
model fits are plotted in Figure 3-7.

Table 2. The best fit parameters of the investigated IPs.

Source KTV ddof o n®0, e
V709 Cas 24473 226/16 27.0+0.3 18.3+0.5
GK Per 22,53 9.9/10 17.5+1.3 <12.2%
V1223 Sgr 23.7*14 12.4/10 48.1+0.7 22113
IGR J16167-4957 19.57 7718 124+04 4.9+0.8
V2400 Oph 24.6+1.6 24.4/9 246+04 6.9+0.7

* We used 36 upper limit.

In the broad-band X-ray spectra of V709 Cas and V1223 Sgr we can see significant excess
of emission in the (6 - 10) keV band wich can be related to presence of Fe emission line in the
spectra of these objects. Unfortunately, the resolution of our spectra did not allow for a deeper
analysis.
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Figure 3. INTEGRAL/JEM-X (red) and INTEGRAL/IBIS (black) broadband spectrum of V709 Cas
fitted by a thermal bremsstrahlung model with temperature 24_41‘2 keV.
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Figure 4. INTEGRAL/JEM-X (red) and INTEGRAL/IBIS (black) broadband spectrum of
V1223 Sgr fitted by a thermal bremsstrahlung model with temperature 23,71 keV.

1.
The exccess of emision around 30 keV in the spectrum of GK Per is probably due to

reflection, but for a detail analysis it will be necessary to extract a better signal-to-noise
spectrum.
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Figure 5. INTEGRAL/JEM-X (red) and INTEGRAL/IBIS (black) broadband spectrum of GK Per
fitted by a thermal bremsstrahlung model with temperature 22,5f§:i keV.
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Figure 6. INTEGRAL/JEM-X (red) and INTEGRAL/IBIS (black) broadband spectrum of the source
IGR J16167-4957 fitted by a thermal bremsstrahlung model with temperature19.59 keV. We

prepared only two spectral bins for INTEGRAL/JEM-X data to achive better signal-to-noise ratio.
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V 2400 OUph
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Figure 7. INTEGRAL/JEM-X and INTEGRAL/IBIS broadband spectrum of V2400 Oph fitted by a
thermal bremsstrahlung model (temperature 20.3*>7 keV) with reflection component at 26 keV.

The fit of broad-band X-ray spectrum of V2400 Oph by only a thermal bremsstrahlung
model with temperature k7" = (24.6 £ 1.6) keV is not sufficient to completely describe the data
(x2 / d.of =244/ 9). A significant excess (4.3 6) around = 26 keV can be connected with
reflection from an optically thick cold medium (the surface of the WD). If we fit this excess by
a Gaussian profile (Figure 7), the spectrum of V2400 Oph is very well described with

temperature of PSR k7= 20.3*7keV and °/ d.o.f=4.5/6.

4. Conclusions

Our deep IP survey based on (20 - 40) keV INTEGRAL/IBIS mosaics revealed the hard
X-ray emission of 5 previously undetected IPs. INTEGRAL has already detected 31 CVs, mostly
IPs (as well as 2 symbiotic systems), which represents a significant fraction of all detections of
this mission (5%). The number of detected CVs will increase in time. Nevertheless some IPs
can remain undetectable due to activity state of these close interacting binaries.

Our analysis showed that the fluxes of V1223 Sgr are long-term variable in hard X-ray /
soft y ray and this variability is correlated with the changes in optical spectral band. The deep
flux drop around MJD ~ 53650 observed in both X-ray and optical bands is probably related to
the decrease of the accretion rate in the system.

The broad-band spectra (3-100 keV) of studied IPs can be well fitted by a thermal
bremsstrahlung model with the temperature of post-shock region k7" ~ (20 — 25) keV. In the case
of V2400 Oph (and possibly GK Per too) there are some evidences for emission excess around
30 keV, which can be caused by reflection of X-ray from an optically thick cold medium.
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In conclusion, INTEGRAL proves to be an effective tool to analyse CVs and symbiotic
systems in observational window (3 — 100) keV so this mission plays important role in the
detection as well as in the study of physical processes in these interacting binaries.
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