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1. Introduction

During about of 7 years of the operation in the orbit the INTEGRAL olmtery [1] has
detected more that 50 X-ray pulsars (including several new ones)ighaignificance level, that
gave us a possibility to study their properties in hard X-rays in details. §goreling reviews can
be found in papers of][2] (spectra) arfdl [3] (timing analysis of ten brajigalsars). For several
sources it was possible to detect and study the cyclotron absorptiomefeatnd carry out the
detailed analysis of the spectral variability depending on the source lumirosltpulse phase.

Below we summarize briefly current results of observations of X-raygpsisirawing the main
attention to their spatial distribution, the search for the hysteresis behddpectral parameters
during outbursts and pulse-resolved spectroscopy.

2. Spatial distribution of X-ray pulsars

We are continuing a study of the Galaxy structure in hard X-ray2@ keV) using data of the
INTEGRAL observatory (see, e.g[] [4.[3, 6] and references ther@hbservations and discoveries
of a large number X-ray sources allowed us to improve significantly ouvletlye about different
populations of X-ray binaries, their properties and spatial distribution.

At the moment (October of 2009) a number of confidently detected with th&®RAL ob-
servatory sources is 489][7]), 84 of which are high-mass X-rayrissgHMXBs) and 93 are
low-mass X-ray binaries (LMXBs). It is known that HMXBs and LMXBs tlibutions in the
Galaxy have different vertical scale heights, roughly correspondatads degrees from the galac-
tic plane at a distance of the Galactic Center (GC), respectiffely [8]. Foipto [] we present
below two current samples of HMXBs and X-ray pulsars viith |2| deg andb < |5| deg from the
Galactic plane (see Table below and fig.1).

HMXB: 84 sources X-ray pulsars: 52 sources
|b| <5° 78 sources |b| <5° 46 sources
|b| <2° 63 sources |b| <2° 39 sources

The majority of X-ray pulsars belong to the class of HMXBs therefore it tsargurprise that
both distributions are very similar — as well as HMXBs, X-ray pulsars areeotrated towards
the Galactic plane and mostly located in spiral arms as a young galactic popul&idnit is
interesting to note two points: 1) an increase of a number of HMXBs (andecpently, X-ray
pulsars) in the GC direction (see, e.g., fig.1 and Fig.§]in [4]) and 2) somensks of the X-ray
pulsars distribution along the galactic plane in a comparison with the HMXBs2@heulsars to the
"left” of GC vs 26 pulsars to the "right” of GC and 39 vs 39 for HMXBs, pestively. The former
is connected with the increasing sensitivity of our X-ray observationsogtidal identifications
of sources located behind GC, possibly in further parts of spiral arees &sg.,[[9] for details).
Reasons for the second are not fully clear and require additionakigatsns.
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Figure 1: Spatial distribution of HMXBs (upper panel) and X-ray putséottom panel) along the galactic
plane. Solid lines represent the number of sources withatiteidle of|b| < 5°, dashed lines — sources with
the latitude ofib| < 2°.

3. Bright X-ray pulsarsin outbursts: search for the hysteretic behavior

It was known before that the energy of the cyclotron absorption linescarehow depends on
the source luminosity (see, e.d.,][10]). Using INTEGRAL and RXTE dditained during the fad-
ing phase of the 2004—2005 outburst, Tsygankov ef dl. [11] showel first time that the energy
of the cyclotron line fundamental harmonic in the V 0332+53 spectrum gappsoximately lin-
early with the decreasing the source luminosity. Including both the fadindpagistening phases
of the outburst into an analysis made it possible to study the possible difteirethe cyclotron-line
behavior during these outburst stages and unambiguously ruled ouytstesdsis hypothesif JI12].
Fig2a clearly demonstrates that the dependence of the cyclotron ling/emetlge luminosity is
exactly the same for both brightening and fading phases of the outbtiteaéa at luminosities
higher than~ 1.5 x 10% erg/s). Hence, the physics of the accretion column and its emission is
essentially same at both these stages. In approaching the dipole magneti€thielcheutron star,
the maximum measured change of the cyclotron line energy correspords ko of the relative
change of the height of its formation above the neutron star surfacdoWiest observed value of
the cyclotron energy corresponds to the magnetic field on the neutrasusiaceB ~ 3.5 x 1012 G,
that is slightly higher than considered earlier (the neutron star radius asgiwese taken as 10 km
and 14M., respectively).

Another well known transient X-ray pulsar 4U 0115+63 was studied vN(RHGRAL and
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Figure 2: (a) V0332+53 cyclotron line energy dependence on the lusitiyno Filled green squares and
open blue circles correspond to RXTE measurements in tigbteriing and fading phases, respectively; red
triangles are INTEGRAL results. (b) The same, but for 4U 08835 black squares and red triangles are
RXTE measurements performed during outbursts of 1999 afd,a@spectively; a magenta circle is the
INTEGRAL measurement in 2004. RXTE measurements in thehteigng and fading phases of the 2008
outburst are shown by green and blue tringles, respectively

RXTE observatories during its intense outbursts in 1999 and 4004 [13,Akicontrasted with

V 0332+53, the energy of the cyclotron line fundamental harmonic of 4136@&3 is practically
constant £ 11 keV) in the high luminosity state (610" — 2 x 10°8 erg s'1); but when the pulsar
luminosity falls below~ 5 x 10°7 erg s°1, the fundamental harmonic energy is displaced sharply
towards the high energies, up 4016 keV (Fig[Rb). For the dipole magnetic field configuration,
this change in the cyclotron energy corresponds to the decrease eige df its formation region

by ~ 2 km. Note the similarity of a cyclotron line behavior in 1999 and 2004 outbursts.

A preliminary analysis of a new outburst from 4U 0115+63 in 2008 allowsdourace cy-
clotron line changes during both brightening and fading phased](FigQimne indications to a
possible hysteresis are seen from a figure, in line with a general similattyg éihe energy depen-
dence on the source luminosity with previous outbursts.

4. Pulse phase-resolved spectroscopy

It is well known that some spectral features of the X-ray pulsars emissioldl be explored
using only a pulse phase-resolved spectral analysis. It deals witteeediffe in physical conditions
of different parts of emission regions and dependence of the emissienvalble properties on the
viewing angle (e.g.[[35] and references therein). As it was showk #i832+53, its pulse profile
is highly variable with the energy and luminosify][{1] 12] and should reflecsturce spectrum
dependence on the pulse phase.

First attempts to perform a phase-resolved spectroscopy for V 0332¢8e undertake by
Pottschmidt et al. [[36] using the RXTE data from several bright obfensat the outburst de-
clining phase. But, at that moment only the PCA/RXTE data without a suffi@eatgy and
temporal resolution were available in the-20 keV energy band. Therefore such an analysis was
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Figure 3: Variability of continuum and cyclotron line parametersdhéstograms) with the VV 0332+53 pulse
phase for two different values of the source luminosity. r€gponding mean pulse profiles in the 20-100
energy band are showen by black line.

done only in hard X-raysx 20 keV) and showed insignificant variations of spectral parameters
with the pulse phase. An inclusion into a consideration of a whole data se0882453 obser-
vations allowed us to carry out the pulse phase-resolved spectrosttmy V 0332+53 emission
in a wide range of luminosities and energies (see for details Lutovinov,ahgpy, prepared for
the publication). In Fig]3(a,b) variations of the continuum spectral parasngteoton index and
cutoff energy) and parameters of the cyclotron line are shown in line witteggonding source
pulse profiles for two different values of the luminosity1.6 x 10°® and~ 6 x 10°7 erg/s, respec-
tively (for the approximation of phase-resolved spectra we used thersaahe as for the analysis
of pulse-average spectfa]12]). The major result of this analysis isetfistration of changes of
cyclotron line parameters (mainly, the line energy and its depth) during the.gbiee of possible
explanations is that during different phases of the X-ray pulse regighglifferent magnetic field
and under different viewing angle are observed. On the other sidp#utral parameter changes
during the pulse can be also connected with the variability of the system ggametproperties
of the matter around the X-ray source (sgé [17] for details). Note, Hréntions of a cyclotron
line energy were found before for several other X-ray pulsars0¥15+63 [1B], Cen X-3[[19],
Vela X-1 [20], etc., but no a generally plausible explanation was praptusdate.
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