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Abstract. Early results from the INTEGRAL Core Program, for a sample of eight persistently bright neutron star low mass
X-ray binaries in the energy range from 5 keV to 200 keV, are presented. It is shown that INTEGiRAdndy detects sources

and that spectra may be obtained up to several hundreds of keV by combining data from three of the four INTEGRAL in-
struments: JEM-X, IBIS and SPI. For the source GX-27t is shown that the spectrum extends well above 100 keV with

a flattening above 30 keV. This might suggest a non-thermal comptonisation emission, but uncertainties in the current dati
reduction and background determination do not allow firm conclusions to be drawn yet.
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1. Introduction (Mas-Hesse et al. 2003) monitors, allows large areas of
sky to be observed and monitored in one pointing in a wi

g"gcigﬁ;aﬂngi S'nng;?gg rr Zogébtgidngzrsn%g%?]al S)an; équency range from the optical to theray domain. Such
Y physi W provid- o capability is fully exploited during théNTEGRAL Core

ing a large amount of interesting data. The combination Bpogram (a series of successive scans of the Galactic P

fg?stv\i% ILN 'Selg?\;d \? f z\geV\éggFoV% |Ir|15trur('jne dn;[:s’vthsb'mfgefG PS; Winkler et al. 2003) and Galactic Centre (GCDE)) whi
(15kev-— eV, 9x partialy coded oV, Lbertini ;o regularly producing large amounts of data, in particular

et al. 2003) and the spectrometer SPI (20 keV-8 MeV, 335 ; .
: ! ersistently bright sources.
35° partially coded hexagonal FoV, Vedrenne et al. 2005 ybrg
coaligned with the JEM-X (Lund et al. 2003) and OMC The aim of this paper is to report preliminary results fro
early measurements on eight persistent bright Low Mass
e-mail: Ada . Paizis@obs.unige. ch ray binaries (LMXRB) hosting a neutron star. The samf
* Based on observations witNTEGRAL an ESA project with in- has been selected_ from a larger set obser_ved during the (
struments and science data centre funded by ESA member statesi{&@gram Observation scans on the Galactic Plane execute
pecially the Pl countries: Denmark, France, Germany, ltaly, Spain, d‘ﬁd The sources are listed in Table 1. G_lVen the type of sour
Switzerland), Czech Republic and Poland, and with the participatigivolved (about hundred of mCrabs in the 2-10keV bar
of Russia and the USA. Liu et al. 2001) and the pointing exposures of about 200C
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INTEGRAL Galactic survey from 2002 Dec to 2003 May

for single pointing spectral extraction, JEM—X for soft photons
(5—-20keV) and the low energy IBIS detector, ISGRI (Lebrun
et al. 2003) for harder photons (20-200keV) were chosen.
PICsIT, the hard photon IBIS detector (Di Cocco et al. 2003),
has its peak sensitivity above 200 keV while the LMXRBs are
considered to display a rather steep spectrum and consequentgl
have fluxes below PICsIT detectability. The spectrometer SPI=
has been used to extract the hard energy spectra (20—200 ke\@
averaged on longer time scales. s
The combination of JEM-X, IBIS and SPI data provides
a complete soft to hard energy coverage, allowing a regular
monitoring of source behaviour. Special attention is given to
the hard emission60 keV) monitoring for whicHNTEGRAL
will give unprecedented continuous coverage. .
Section 2 of this paper gives an overview of the state of Galactic longtitude
the art studies on LMXRBs cor?ta.lnlng a weakly magnetlzqqg_ 1. Exposure map for a total of 6 months of GPS and GCDE data.
neutron star and a short description of INTEGRALCoOre The spatial distribution of the 8 sources is visible (red crosses).
Program selected sample. Section 3 contains details of the
relevantiNTEGRALobservations and data reduction methods

used. Preliminary results are summarised in the last sectionnsaturated thermal Comptonisation and is known as the “hard
state” of Atoll sources.
The long term X-ray variability of those sources has been
2. Bright LMXRBs in the INTEGRAL Core Program  extensively studied in the 2—-12keV band with RXTEAII

. . Sky Monitor, as well as durin@XTEdedicated pointings till
2.1. LMXRBs with weakly magnetised neutron stars about 40 keV (van der Klis 2000; Swank 2001). On the other

LMXRBs hosting a weakly magnetised neutron star can B&l€,BeppoSAXointings have shown the presence of the hard
broadly classified into two classes (van der Klis 1995): highilS mentioned above showing that Neutron Star systems, as
luminosityZ sources and Atoll sources covering a mucWell as Black Hole ones, are capable of producing such hard
wider range in luminosity. Z sources describe an appro@hotons.
mate “Z’-shape (horizontal, normal, and flaring branch) in The combination of regular monitoring in the hard X-rays
the colour—colour (CC) and X-ray hardness intensity diagrarf@8d y-rays has not been done before and this is where
while Atoll sources are characterised by an upwardly curv&iTEGRALwill give a major contribution to understanding the
branch. Two recent studies (Muno et al. 2002; Gieshi’ & behaviour of bright Low Mass X-ray binaries from 5 keV up to
Done 2002) suggest that the clegiAill distinction on the about 200 keV.
CC diagram is an artifact due to incomplete sampling: Atoll
sources, if observed long enougtp exhibit a Z sh.ape in 2.2. The INTEGRAL Core Program sample
the CC as well. Many dierences, however, remain: Atoll
sources have weaker magnetic fields (aboftdQ 0’ G versus Thirtyfive per cent ofINTEGRAL observing time, the Core
10°~10° G of Z sources), are generally fainter@@—Q3Lgqg Program, is time reserved for the institutes that developed and
versus~Lgqqg), can exhibit harder spectra, trace out the Z shagelivered the instruments, for tHAITEGRAL Science Data
on longer time scales than typical Z-sources and have a difentre (ISDC; Courvoisier et al. 2003) and for the Russian
ferent correlated timing behaviour along with the position ascientists in return for providing the Proton rocket which put
the Z. Thus the distinction, at least from a practical point ®NTEGRALIn orbit.
view, still makes sense. Figure 1 shows the exposure map for a total of six months
Recent broad band studies, mainly wBeppoSAXhave of this program. As can be seen, the centre of our Galaxy has
shown that many Z sources display a variable hard powéeen heavily covered, with the total observing time decreasing
law shaped component, dominating their spectraZ@keV aswe move away from it. From the overall list of about 70 per-
(Di Salvo & Stella 2002; D’Amico et al. 2001; Di Salvo et al sistent and transient LMXRBs belonging to our monitoring
2000, and references therein). This power-law has been pxegram, the 8 sources detected primarily by /BB&RI and
plained as non-thermal Comptonisation. As previously saithen by JEM-X in at least 20 pointings, have been selected. At
lower luminosity systems (Atolls) can display much harddhe time of writing OMC data on these sources is still quite
spectra which can be well described with a simple powesparse and, therefore, will not be included in this paper. The
law with photon indices of about 1.5-2.5. Hard X-ray conred crosses in Fig. 1 show the position of those sources in the
ponents extending up to a few hundredkeV have been sésalaxy while in Table 1 the complete list is presented.
in about 20 neutron star LMXRBs of the Atoll class. These The exposure per source depends on its position relative to
sources usually display an exponential cfitiletween many the scan path and will @fer from instrument to instrument due
tens and a few hundred keV. This component is interpretedtagheir diferent FoV.
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Table 1. Bright persistent LMXRBs regularly monitored by|
INTEGRAL Type A = Atoll, B = bursting, Z= Z-source, ADC= |
Accretion Disc CoronaFlux: average fluxes (in mCrab) as observe
by RXTE/ASM (1.5-12keV) and by SPI (20-40keV; about 1 Msef

GX 1+4

overall exposure). See text. 5000 o
- XTE J1720-318 EXO 1747-214
- @ 4U 1724-307 ® i
Name | b Type frxTE fspi | @ GX 9+1 GX 17+2  4U1812-12 |
[ Gx354-0 ® X1z © - i
Sco X-1  359.09 23.78 z 114201875 439+4.1 T a——— . @
1822-371 356.85 -11.29 ADC 25+ 29 33+ 2.0 -
GX3+1 2.29 0.79 AB 39G: 64 34+1.9 i
GX9+9 8.51 9.04 A 265 44 31+ 2.1 b 1‘ ™ ‘8.26'24
GX9+1 9.08 115 A 495+ 75 34+ 3.1 I - ‘%0'303
GX5-1 5.08 -1.02 z 913+ 137 77+ 1.8
GX17+2 1643 128 ZB 603104 56+2.9 | e Tl

355.000 0.000 e

Cyg X-2 87.33 -11.32 ZB 440+ 80 35+6.9

Fig. 2. SPI image of the Galactic Centre in the 40-100 keV band. T
sources in white belong to our monitoring program. Other sources
3. Data reduction and analysis marked in yellow for orientation.
A large fraction of the Galactic Centre Deep Exposure (GCDE)
has already been completed. One scan of the GPS is performeethil, while for more isolated sources, like e.g. GS 1826-
every 12 days on average. and GX 131, the results are consistent with the ISGRI da
We have analysed most of the Core Program data currer(dge Fig. 3). For the spectral extraction of the source GX217
available with the standadfNTEGRALData Analysis System twenty logarithmic energy bins in the 20—200 keV energy rar
(IDAS). The following 3 subsections provide the instrumeritave been applied to the data (Fig. 4). The instrumental
specific analysis details. sponse function used for the analysis has been derived f
on-ground-calibration and corrected after the in orbit Crab ¢
ibration observation. Source fluxes in the 20—40keV band h.
been computed by comparison with results from Crab obsel
The analysis of the SPI data is based on GCDE observatidig§ and are therefore given directly in Crab units (see Table
taken from revolution 47 up to 62, i.e. between March 3rdluxesinthe 1.5-12keV energy band have been extracted f
and April 19th, 2003. 544 dithering pointings used in the andhe RXTEASM data base. The fluxes have been averaged ¢
ysis combine a total exposure time of 958 ksec. As the iffle same time period as the SPI data in order to have ct
strumental resolution of SPI is abou2 source confusion parable results. In the case of 4U 1822-371 only the meas
can dfect the results. The ISGRI data have been used agants for which the flux added to the-Error is larger than.0
reference to check for sources which might interfere in tHeve been taken into account, so that only reliable data
SPI data. GX 5-1 is separable by 40 arcmin from the blagkcognized.
hole candidate GRS 1758-258. In this case both sources will
influence the results of source extraction of each other a3%, |SGRI
fluxes and spectra can only be taken as tentative. In the vicin-"
ity of GX 17+2 two sources can be detected, 4U1812-12 afnthe analysis of ISGRI data is based on GCDE and GPS ¢
AX J1820.5-1434, at ®° and 12° angular separation, respecfrom revolution 30 to 64 i.e. January 11th to April 22nd, 200
tively. In these cases the SPI Iterative Removal Of Sourcesie thousand pointings (for a total of about 2 Msec expd3ur
(SPIROS) program (Skinner & Connell 2003) is able to disrave been analysed separately and then combined in the
entangle the sources fairly well as the closer one is rather faisdicked image shown in Fig. 3: a zoom in the Centre of 1
though minor &ects cannot be excluded. Galaxy in the 20—40keV and 40-60keV bands.
SAX J1805.5-2031 is located® away from GX 9-1. As Given the ISGRI sensitivity (& detection in the 20—40keV,
both sources appear to have similar fluxes in the studied enesgnid for a 20 mCrab source in one pointing of 2200
range, the spectrum of GX+4 derived from the SPI data mightRodriguez et al. 2003, possible systematic errors are not ta
therefore be fiected. In the case of GX+d, two faint sources, into consideration) and the brightness of the sources of
SLX 1735-269 and SAX J1747.0-2858, are &°2And 23° an- sample, we can extract a source spectrum using (unlike for ¢
gular separation, respectively. As both sources are weak canly data from one pointing. The ISGRI spectrum for a sing
pared to GX 31, significant &ects on the spectral extractiomointing from revolution 54 for GX 1¥2 is shown in Fig. 4.
of GX 3+1 are unlikely. Figure 2 shows an image extracted

from the SPI data in the 40-100keV region. In the very dense This is the total exposure time. The single source (point) expos
region of the Galactic Centre, the extraction of sources seesisiuch less as can be seen in Fig. 1.

3.1. SPI analysis
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Fig. 3. ISGRI images of the Galactic Centre in 20-40 keV and 40-60 keV respectively. Not all the sources are labeled for clarity. The sour
labeled in white belong to our monitoring program.
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Fig. 4. GX 17+2 combined JEM-X (black), ISGRI (green) and sprefers to a 100 second time bin. 1ID is the fractional number of days
(red) count spectra. The SPI spectrum is based on all GCDE data frigjffe January 1, 2000 (0 UT). See text for more details.
March to April 2003, while JEM-X and ISGRI spectra are extracted

from one pointing only (about 2.2 ksec). Individual normalisation has . . .
been applied to the three instruments in order to compensate for §&Nd: respectively. Gaps in the data mean that for those periods
certainties in the cross-calibration. the source was out of JEM-X FoV, the narrowesiNTEGRAL

high energy instruments, thus there is no detection.

3.3. JEM-X

" 4, Results
The set of data taken from the same position for the same expo-

sure time used for ISGRI has also been analysed for JEM-X @&nce its launchINTEGRAL has been producing a huge
ing the standard software. Only JEM-X2 data have been availhount of interesting data. Quite naturally at this early stage of
able during the observations performed so far. The statistics floe mission, however, it is not possible to exploit them at best
a bright LMXRB like GX 1742 is of course even better than ilmainly because instrument response functions are still under
ISGRI (1 pointing from revolution 54 extraction) and the resutlevelopment and calibrations on-going. More time is required
is shown in Fig. 4. before one can present long and fast time scale variabilities in

Light-curves have also been extracted for each soumdifferent energy bands as well as detailed spectral behaviour of
and for each pointing and a 1 day lightcurve for GX13 the sources. Nonetheless some main conclusions can be alread!
is shown as an example in Fig. 5 for twoffdrent energy drawn. First of all, the combined spectrum in Fig. 4 shows the
bands (5-12keV and 12-20keV). For comparison the Cra$TEGRALmission wide energy band allows the emission of
pulsar shows a count rate in JEM-X of 7B5countss' the binary system to be displayed all the way to the hard tail.
and 206-25 countsst in the 5-12keV and 12-20keV energyThere seems to be no evidence for a cfiitb@low 100 keV.



A. Paizis et al.: FirstNTEGRALobservations of eight persistent neutron star low mass X-ray binaries L

In this case the combined spectrum can be representedshyprt (several minutes) and long (days and months) time st
a simple model, including a blackbody plus a comptonisi possible. This will allow, for example, to monitor outbur:
tion component. The statistical quality of the fit does not jusnd the dipping behaviour of 4U 1822-371.
tify adding an additional power law component. However, the
present model flux is much below the measured one in the
channel centered on 100 keV. This is a possible indicatiagknowledgementsie would like to thank Mike Revnivtsev for pro-
of the presence of a high energy tail on top of the blackiding the mosaic tool for the ISGRI images. We also thank P. Laur
body Comptonised by thermal electrons. Physically, this cand M. Cadolle-Bel for kindly providing preliminary corrected ISGF
be realized if the electrons have a hybrid distribution, with rasponse matrices and the SPI colleagues for advice on how to |
Maxwelliananda high energy tail. This appears to be the cagée SPI data. OV and DH acknowledge the Academy of Finlar
in a number of black hole binaries (e.g., Girski et al. 1999; TEKES, and the Finnish space research program ANTARES for
Zdziarski et al. 2001). nancial. \(]CR"\IE ;;c)knon/\&IezdgeskfinaFc(;al supK%o'\rlt fromtthe5 g(r)(;ré)cgogg
- _ gency . AA.Z., aknowledges grants
e o o BP03C0619p 2. P2 003200 and he Foundaion o Pl
- . . gmence. AP, AB, FF, AS, & GGCP acknowledge ASI and CNR fi
~60 mCrab. This will allow the study of the spectral time evag, o1 qial support.
lution on a pointing by pointing basis, i.e. monitoring the spec-
tral slope and cut4® on an hourly basis. In this energy region
the SPI sensitivity is much lower when compared to ISGRReferences
The spectrograph can then t_)e used to derive high energy_ SR?(_ﬁIrvoisier, T.J.-L., Walter, R., Beckmann, V., et al. 2003, A&A, 41
tra based on longer observations. Though the spectrumis in this| 53
case an average over théferent stages of the LMXRB cycle, p'Amico, F., Heindl, W. A., Rothschild, R. E., & Gruber, D. E. 2001
it can reveal high energy tails, as seen in Fig. 4 up160 keV. ApJ, 547, L147
This capability is also seen in the high energy (40-100 ke) Cocco, G., Caroli, E., Celesti, E., et al. 2003, A&A, 411, L189
image as shown in Fig. 2. Di Salvo, T., Stella, L., Robba, N. R., et al. 2000, ApJ, 544, L119
In addition, note that the ISGRI FoV is about the size of tHai Salvo, T., & Stella, L. 2002, Proc. XXII Moriond Astroph. Meeting
image in Fig. 3 so the amount of information one can obtain P- 67 stro-ph/0207219]
from one ISGRI pointing is evident. Besides, its excellent aﬁ—'eg'g;‘kzg'\g" Zdziarski, A. A., Poutanen, J., et al. 1999, MNRAS
gular resolution (12FWH M) allows the_emlssmn from close- ierlinski, M.. & Done, C. 2002, MNRAS, 331, L47
y sources t_o be separated. See fo.r instance GX 5-1 and er, P. G., & van der Klis, M. 2001, ApJ, 553, L43
40 arcmin distant Black Hole Candidate GRS 1758-258, fpppn, ., Leray, J. P., Lavocat, P., et al. 2003, AA, 411, L141
which possible SPI source confusion has been pointed out. | jy Q. z., van Paradis, J., & van den Heuvel, E. P. J. 2001, A&
Another result of this study is the comparison of the SPI 368, 1021
derived fluxes to the RXTRASM fluxes as shown in Table 1.Lund, N., Brandt, S., Budtz-Jorgensen, C., et al. 2003, A&A, 41
As both flux values have been extracted over a long time period L231
of 1.5 months, they represent the mean status of the LMXRB4gs-Hesse, J. M., Gimenez, A., Culbane, L., et al. 2003, A&A, 41
i.e. averaged over all positions in the colour-colour diagram. L261
While the Z and Atoll sources of the sample show a steep sp&ino, M. P., Remillard, R. A., & Chakrabarty, D. 2002, ApJ, 568, £
tral slope between the 1.5-12keV and the 20-40keV band, H?émar, A. N., Oosterbroek, T., Del Sordo, S., et al. 2000, A&A, 3¢
gi'ggssapclgfna;;gb}fﬁ; sg:cgfr?,kviirfavsﬂo?g; :ﬂ:fe;(ﬁlz) ®Rodriguez, J., Del Santo, M., Lebrun, F., etal. 2003, AGA, 411, L3
. Skinner, G. K., & Connell, P. H. 2003, A&A, 411, L123
between the RXTE and SPI data. This hard spectrum has b%%nk, J. H. 2001, AIP Conf. Proc., 575, p. 261
reported before (e.g. Parmar et al. 2000), but further inveslipertini, P., Lebrun, F., Di Cocco, G., et al. 2003, A&A, 411, L131
gations are necessary in order to understand the nature of {igder Klis, M. 1995, Proc. NATO-ASI Workshop on Neutron Star

elusive source. van der Klis, M. 2000, ARA&A, 38, 717
Finally, though the X-ray monitor JEM-X covers a smalle¥edrenne, G., Roques, J.-P., Sofelder, V., et al. 2003, A&A, 411,
area than the two main instruments (diameter aR%13zero L63
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