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The center of the Milky Way is a region crowded with X-ray hiea of all kinds: High Mass
X-ray Binaries (HMXBs) and Low Mass X-ray Binaries (LMXBsptaining neutron stars or
black holes as the compact objects of the binary systenfsentprovides a wealth of information
on different sources when observed with a wide-field-ofwiastrument such as IBIS/ISGRI
or JEM-X onboardNTEGRAL. The INTEGRAL Galactic bulge monitoring program was born
with the aim of investigating the variability and the traarsti activity on time scales of days to
weeks and months of these sources, in the soft as well as theXhay band [1].

We present here the results of the spectral analysis fot pigisistently bright sources in the
Galactic bulge that are covered by IBIS/ISGRI and JEM-X diemeously for the first 3 obser-
ving periods (from 2005-02-17 until 2006-03-01), namely 1A2-294, 1E 1740.72942, 4U
1722-30, GRS 1758258, GX 3+1, GX 354-0, GX 5-1, and SLX 1744-299/300.
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1. Introduction

The X-ray emission process from LMXBs is thought to depend primarily enattcretion flow
structure and its interaction with the compact object. Observations have shat\several sources
could be fit with a two component black-body and a disk black-badyskbb) model ([2, 3]), or
with either a single component model, such as a power law or thermal Brefusydf¥] and re-
ferences therein), or two component models involving a harder companéra softer black-body
([5]). Here we fit the spectra with XSPEC ([6]) usitgnst ant * TBnew( di skbb+power -

| aw) . The constant is introduced to take into account the cross-calibratiorebetthie instru-
ments.TBnewis the revised version of tiEBabs modetl [7].

The abundances were set to the interste-
ﬁ%ﬁﬁ% n@ llar medium abundances summarized by [7].
P i The fits and the following error determi-
w&&% % nation were done in an automated way
making use of a local script. For some
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5% 4 BsiseR 3 tant*TBnew( di skbb+power| aw)), but
2 9 e - for some others the script tried different mo-
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e —— dels, since both of the additive components
-1.0 . . .
53450 53550 53650 53750 were not required to provide a good fit; the

first model was an absorbet skbb, and if
the szed was greater than 2, it was changed to
an absorbed power law. If th)arzed > 2 still, the script would fit the complete modetdns-

t ant * TBnew( di skbb+power | aw) ).

We studied the evolution of the spectral parameters with time for every sanrag¢ime scale of
INTEGRAL revolutions,~ 3 days, although the exposure time (always less than 3 days) varied
from revolution to revolution.

For some sources we fixed the hydrogen coluli) (o values found in the literature, but for others
it was let as a free parameter, since it improved the fit and no clear fixed was found in our
search of the literature. We will focus on the evolution of Thgparameter of thei skbb model,

as a measure of the strength of the soft component; the photon index abwlee [aw (); the
szed, which is an indicator of the goodness of the fit; the absorbed fluxesdd-th0 keV F1o_15)
and 20-25 keVHKyq_25) energy ranges, and the hardness ratio (HR), defin%a}ggﬁ. Ina
previous analysis, we tried to includeat of f pl , i.e., a power law with an energy cut-of{,),

but this parameter was not well constrained, and resulted in large untegadn theE., itself
and in the other parameters, therefore it was removed from the fit. Thigestggthat either the
exposure time of every spectrum is not long enough (see the discuss@®R$ 1758-258 below)

or the cut-off is beyond the studied energy range.

Figure 1: 4U 172230

2. Sources

In this section we will comment on the main results that we obtain for all the saufte idea be-
hind using the same model for all of them is to try finding a characteristic dsdigrio differentiate
the black hole systems from the neutron star ones.

Ihttp://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs/
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4U 1722—30 (Fig. 1) is a binary system containing a neutron star as the compact ohje#, s
type-1 bursts have been detected at different times (e.g., [1]). Thissouas well fitted with a
power law alone, so we did not include tdeskbb component in the XSPEC model. Thiy
could not be well constrained. There are changes i thad the HR that seem to be correlated
with the soft energy flux variations.

SL X 1744—299/300 (Fig. 2) was discovered b$partan 1[8]. It consists of two closely spaced
objects: SLX 1744-299 and SLX 1744-300, one of them being also alt)peay burster (e.qg.,
[1]D). INTEGRAL cannot resolve these two sources, so they are here treated as ogee iat
the Ny is not well constrained, being always compatible with a value of fe#¢ctf 2. The T,
seems to have a constant value~d®.5 keV. The low flux in IBIS/ISGRI is probably causing the
poor determination of .

1A 1742—294 (Fig. 3a) is confirmed to be an
X-ray type-l burster since 1994 [9]. In the fit,
only one of the additive componentdi (skbb
or power | aw) was allowed. The is relatively <%
soft (~ 2.3), and theTi, is around 3keV, except .
when it goes up to 8 keV. This is most probably Nﬁ
due to a change in the source (also seen in thé :
HR), which could possibly be better described
by a simple power law (the fitting algorithm did ~
not explore this option because tb(réd was al-
ready good with theli skbb). TheNy is chan- Figure 2: SLX 1744-299/300

ging from being consistent with zero up to some tenths fd@2. The flux in the softer energy
band (5-10keV) is always greater than the one in the 20-25 keV band.

1E 1740.7—2942 (Fig. 3b) is thought to be a persistent binary black hole [10]. We did robude
thedi skbb componentin the fit, as the power law alone provided a good descriptioe sftttra.
The Ny was left free, but it seems to be compatible with a constant value arourd.@Bcm—2.

We found significant X-ray emission up to 120 keV, but we did not detegtemergy cut-off as
other authors did, probably because our energy range is on the limit efewhwas detected,
~100—120keV ([11]) or theEgt is even at a higher value-(140 keV, [12]). The source switched
off in spring 2006 [1], where the flux was zero in both JEM-X and IBE&RI instruments. This
seems to occur about every 600 days [13]. According to the HR, thees@unot changing much,
with the flux in the 5-10keV band being always greater than the one in th252@V band.
However we detect changes in the which evolves from 1.6 up to 2.2, in agreement with the
values found by [12][(: 1.52-1.8), softer than the ones quoted by [T1N 1.3 — 1.6) or [14]

(r ~1.4).

GRS 1758—258 (Fig. 4), is considered to be a microquasar based on its X-ray proparttes
on the detection of a double-lobed radio counterpart [15]. We wantedddhe same model as
we did for the other black hole candidate (BHC) in our sample (1E 1740.2)2%94us we did
not add thedi skbb component. Including an energy cut-off resulted in a worse fit, andevors
constraints in the parameters, so we kept the description as an absovbedligw, with theNy
fixed to 15 x 10?%cm~2 as [16] did, using the value found by [17]. The quality of the spectra
above 100keV is not good, forbidding a good determination oBhe However, [18, 19] show
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that the cut-off can generally be constrained for this source wheNREGRAL spectra are
averaged over at least a month. Therefore the non-detection of tlodf ¢sitnost probably due to

too small exposures. In our observatibrghanges from 1.5 to 1.9, which is what is expected from
a canonical hard state of Galactic black hole binaries ([20, 21]), and sitoil@hat was found by

[16] (I ~ 1.54-1.69). Thé variations seem to be correlated with the changes in the HR (except
for the 3rd period), which points also to a spectral change in the so8em[18] and [19] for an
analysis of these datasets modeling spectra averaged over longer timescale

GX 3+1 (Fig. 5a) is a type-l burster (e.g., [1]) 20
which is very bright in the soft energy band (it 12%%@@
has an average flux in the 2—-10 keV energy band ;g: ‘ E
of half that of the Crab). For our fits we fixed thes 155%35%@ 7777777 %&go%fgg 7777777 %4
Ny to 16 x 1072cm 2 as derived by [22]. We : .

can see that thd@, is varying from 2.1 up to _% (520 koV) b, s Boomien al
2.5. Since this parameter is related to the emfs 2 iy B ;t;%
sion of the inner edge of the accretion disk, these L0

.. . RS R W
changes are probably related to variations in the ST T T By S
mass accretion rate (e.g., [23]). Thehowever,  “*saz50 53550 53650 53750
could not be well constrained (it may be due to
the low flux in the higher energies), and it is con- Figure 4: GRS 1758258

sistent with a constant value around 3.

GX 354—0 (Fig. 5b) is a type-I burster (e.g., [1]). Ty was fixed to 2. 10%’cm~2, as derived
in two fits by [24]. They also detected an excess around 6—7 keV, whashattributed to an iron
fluorescence line (or lines) coming from the neutral iron in the cool ouslr @nd not from the
hot inner disk), that can be broadened due to Compton scattering. (28)i, derived from our
fits is slightly varying from 2 to 4 keV. Sometimes it reaches a higher unpHhystze of ~ 8 keV.
This can be due to the fitting algorithm not using the right model or it could atsthat there
is an increase in the 67 keV range due to iron fluorescence, which iprietied by the fit as an
increase in thédj,. This could well be the case, as most of these times are related to a change in th
5-10keV flux. We will check this possibility in a future analysis. [24] ded\al’ = 1.98, which
is harder than the values obtained from our fits (in gerera).
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GX 5-1 is the brightest source in the JEM-X iéﬁ%ﬁf wﬁ%{% @é
field of view. It is thought to be a Z-source (see { -
[26] and references therein), thus a binary sy$2 35, 2.0, RS %° @«g
tem containing a neutron star. We assumed a i — 3 3
B I0R 880 5o mm oo & Cof E
fixed Ny of 3x 10P2cm~2 ([27]). TheTi, derived geso oF O Sg © i
from our fit is well constrained and ranging frorrg s 133;: Pan ooy  admAhu  B0oseen 7;

1.7 up to 2.8. The changes are most probaBLIy! o?
due to variations in the soft component, since the § _8'8
fluxes in the 5-10keV band change from 60 to -°
140 x10Pergs . Therl is consistent with a
constant value around 3.5, the uncertainties do
not allow to claim any evident variation. [28] obtained;aranging from 1.4 to 1.7 keV, and they
found that the addition of a power law withraof 2.5 sometimes helped to improve the fit, which
is harder than the one we obtained, althoughTheve find is also higher in general. This could
be a correlation among the parameters of the fit (not physical, but mainlfodbe mathematical
fitting process). It will be checked in our future and more exhaustivékwn these sources.

Figure 6: GX 5-1

From our analysis of the Galactic bulge monitoring program data preseategdwe can say as a
preliminary conclusion (more extensive work has to be done), that thke btde binaries seem to
have a harder spectrum (i.e. lower valud pfas it has been already detected [29] and do not need
an additional soft component to describe the data reasonably well. Tihmnestar binaries, on
the other hand, are better described with the addition of a black-bodyr(tesa ali skbb), and
have a softefF, in general larger than 2. No energy cut-off was found in any dat@hseparameter
was always so poorly constrained that removing it did actually improve theTfiis may be due

to not long enough exposures (see discussion about GRS-PBBJ or to the fact that thi,; can

be above of the energy range considered in the fits, and thus not detecte

3. Outlook
We intend to carry out a deeper analysis of the data. In the future wetazant

e extend the analysis to all availabl§STEGRAL data for these sources, analyzing the most
recent data and including the public data from other observations to imfirexsatistics.
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include all the sources that are observed by b#EM-X andIBIS/ISGRI.

study the sources that are only visible with one of INREEGRAL instruments.

compare theNTEGRAL data with other simultaneous observations with other satellites.

try different models for every kind of source in order to obtain a bettscgtion of the
data.
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