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Broad band observations are a powerful tool to study theséiocrflows around compact objects.
Recently significant progress have been possible becaudT&GRALwhich has both broad
band coverage and high sensitivity in hard X-ray. IBIS iastent observed a large fraction of the
of known Low Mass X-Ray Binaries ( 43%), allowing us to deeiplyestigate the spectral and
timing properties of both persistent and transient sound&sreport on some examples of bursters
in typical low/hard or high/soft states, very spectacutansitions between two spectral states
and detections of hard tail in the high energies spectralliyirwe report on the average spectral
characteristics of the ultra compact X-ray binaries in aadrband energy, usindNTEGRAL
BeppoSAXandSWIFTdata.
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1. Introduction

Low Mass X-ray Binaries (LMXB) are systems containing a ke (F,G,K) low mass donor
star (M~1Msjar) and a compact object with weak magnetic field(1® G) that accrete mass
via Roche lobe overflow. Generally, most of them are locdlizethe Galactic Bulge and can
be characterized by type | X-ray bursts, a thermonucleanqinena on the neutron star surface
(burster).

The study of galactic X-ray binaries has maturated verydtgpn the past few year and has
produced several exciting discoveries. RXTE has obserliedgmena that take place close to the
compact object, XMM-Newton and Chandra are producing gnspgctra and image of unprece-
dent quality for some of object, radio observatory are ha@ginto show that jets are quite common
in the X-ray binaries. The analysis of this data has posedarmamore detailed questions which
are again open problemiNTEGRALinstruments allowed us to study the hard X-ray emission of
these sources, highlighting that most of them show spebtraeaabout 100 keV.

The recent catalog of known LMXBs (Liu et al. 2007) contai8g $ources with- 90 bursters.
Compared with the previous edition (Liu et al. 2001) the nandf LMXBs in the Galaxy has in-
creased by~ 30%. The IBIS/INTEGRAL catalog Bird et al. (2007), repor#2ll sources in the
20-100 keV energy range and among this source list we find 7XB&) with a sky distribution
shown in figure 1, of which 45 are Bursters. At very high eresdi> 10keV) 26 LMXBs have
been detected, corresponding~t050% of the total sample (Bazzano et al. 2006).

Figure1: The 20-100 keV IBIS map with LMXBs location from Bird et al. @D.

TodayINTEGRALinstruments offer us an unique opportunity to study the leigergy emis-
sion of LMXBs. Detailed analysis of these data helped us @etstand the physical processes
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responsible for the observed emission. X-ray spectra of Belére usually fit with a complex
model: at low energies a black body component that apprdesntne spectrum of an optically
thick, geometrically thin accretion disk and/or the nentstar surface, and at higher energies a
Comptonization component due to repeated inverse Comptittesng of the soft seed photons
by hot electrons plasma with a thermal distribution of viles. IBIS/INTEGRAL spectra showed
a more complex picture, detecting sources with a non theemésion at high energies-60-60
keV) or allowing to study the temporal and spectral behasfdransient source. We report here
some typical examples of LMXBs observed with INTEGRAL: pstent sources in low/hard state
or in high/soft state, persistent sources showing stanspedtral transition from a low/hard to
high/soft state, transient sources during outburst andceswith spectra without any high ener-
gies cutoff. Finally, we describe the average spectraladiaristics of the ultra compact LMXBs
observed by IBIS/INTEGRAL.

2. IGRJ 17597-2201 observed in a typical low/hard state

This source is a persistent burster spending most of theitiragtypical low hard state. Its
spectrum, obtained using PN/XMM Newton and IBIS data in a/\@oad band (0.6-200 keV),
is shown in figure 2. IBIS spectrum was generated in standanduwging OSA6 software, with
exposure time of 55 ks and start time 53084.6 MJD. EPIC gpecivas generated using SAS soft-
ware with exposure time of 879 s and start time 53085. It i$ fitedd with a single Comptonized
component with electron temperature~of34 keV, the optical depth ef1.7 and seed photon tem-
perature 0f~0.7 keV, absorbed by aNv1.6x 107 cm 2. The fit gives a googy? (x?=760/647).
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Figure2: PN/XMM Newton and IBIS/INTEGRAL spectrum of the burster IGR7597-2201
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3. 4U 1705-44 during a typical spectral transition from an high/soft to low/hard
State

4U1705-440 is a binary system classified as an atoll sousbesying the variability on all time
scales, from months down to milliseconds. It was observadtimes in two different spectral state,
usingINTEGRALandBeppoSAXiata: during two ephocs the source was in the standard bigh/s
state and during other two ephocs it was in an low/hard state.
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Figure 3: Comparison of the models used to fit data for the four obsienvabf 4U 1705-44 BeppoSAX
andINTEGRALsoft state BeppoSAXandINTEGRALhard state are showed in green, red, orange and blue
respectively.

Details on data reduction and spectral fit results can bedfduRiocchi et al. 2007. Its energy
spectrum in both states can be described as the sum of twkbbldy, a 6.4-keV Fe line and a
component due to thermal Comptonization, with a strongadigie of Compton reflection in the
INTEGRALhard state (for details, see Fiocchi et al. 2007). Thesdrspae shown in figure 3, us-
ing the green and red color ftNTEGRALandBeppoSAXigh/soft state, and the orange and blue
color forINTEGRALandBeppoSAXard/low state, respectively. The blackbody componertis-pr
ably originate in the disk and on the neutron-star surfaciéiewhie Comptonized component could
arise from a hot inner flow with the seed photons originatiognfthe disk and/or the neutron-star
surface. These spectral transitions can be associatedvavititions in the accretion rate, chang-
ing in turn the temperature of the Comptonizing electrorns tae strength of Compton reflection.
These changes can be explained in a model with a truncated digk surrounding a hot inner
flow, and the accretion rate determining the truncationusdi
We note that the presence of all three components (two blagi &nd a comptonized component)
can only be seen directly around the transition, where the das high enough temperature to
contribute to the X-ray bandpass, while the boundary layeot yet completely optically thick so
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as to Comptonized all the newtron star surface photons ¢riaat al. 2007).

4. 4U 1636-53: a burster with an hard tail at high energy

4U 1636-53 is a binary system classified as an atoll sourcestarspectral characteristics
have been studied extensively only at low energy. WHEGRALandBeppoSAXve have stud-
ied its spectral behavior at high energies Z0 keV), deeply investigating three different epochs
corresponding to three different spectral states. Detailslata reduction and spectral fit results
can be found in Fiocchi et al. 2006. Two spectra show a coatmwell described by one or two
blackbody at low energies and Comptonized components. géisan the Comptonizing electrons
and black body temperature and accretion rates are tyditat gpectral transitions from high/soft
state to low/hard state (see Fiocchi et al. 2006 for details)
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Figure 4: Comparison of the models used to fit data for the three obsensof 4U 1636-53BeppoSAX
soft state]NTEGRALhard state and a peculildTEGRALstate are showed in green, red and blue respec-
tively.

In one occasionNTEGRALspectrum shows, for first time in this source, a hard tail domi
nating the emission above 30 keV (Figure 4, lines blue). Shisctrum can be fitted as the sum
of a Comptonized component with spectral parameters tlypimlaa soft state and a overlapped
power-law componentl (= 2.76), indicating the presence of a non thermal electronibligton
of velocities. A similar feature was observed in other LMX@X 17+2, Di Salvo et al. 2000;
GX 349+2, Di Salvo et al. 2001; GX 5-1, Asai etal. 1994; Sco,BIAmico et al. 2001; 4U 1608-
522, Zhang et al. 1996; XB 1254-690 laria et al. 2001; Cir Xatia et al. 2002; 4U 0614+091,
Piraino et al. 1999). A two-component electron distribatmould arise from non-thermal elec-
tron acceleration regions powered by magnetic reconmectiove a disc. Low-energy electrons
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cool preferentially by Coulomb collisions leading to a thai distribution while the high-energy
electrons cool by Compton scattering, preserving a nomrthkdistribution (Coppi 1999). Alterna-

tively, the thermal and non-thermal electrons could beiaglhatlistinct, e.g. magnetic reconnection
above the disc can produce a non-thermal electron distriiutvhile overheating of the inner disc
produces the thermal Comptonization (Kubota et al. 2001hefOpossibility is thermal and non
thermal emission originates from the disc-jet coupling las aeported for GX 354-0 (Migliari et

al. 2003).

5. SAX J1810-269: atypical transient source

The transient X-ray source SAX J1810.8-2609 was discovereti998 with the Wide Field
Cameras on board the BeppoSAX satellite (Ubertini et al.812%d it remained in a quiescent
state for most of the time. Only in August 2007 a new X-rayétgtivas observed. Figure 5 shows
the RXTE/ASM and INTEGRAL/IBIS light curve of this recent turst.
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Figure 5: Left: a)The RXTE ASM light curve daily averaged in 2-10 keVeegy band of SAX J1810.8-
2609. b) The IBIS light curve in 22-45 keV energy band c) ThisIBght curve in 45-68 keV energy band.
Right: Four different spectral state with the best modeisgisoMPTT component

The IBIS observations has allow us to follow the high energhdvior of SAX J1810-269
during its long and bright outburst. Details on data reductind spectral fit results can be found
in Fiocchi et al. 2009. Spectra are well fitted with a simpleveplaw after the outburst peak,
while acompTT (Or cutoff power law) model is required before the outbuestlp Figure 5 (right)
show spectra in four epochs as indicated in the light cuef dlanel). During the increase of the
flux, the SAX J1810-269 luminosity changed of a factor of 2jlevthere are not variations of the
spectral shape: the electron temperakifgis ~ 23-30 keV and optical depth of the plasma is
~ 1.2-1.5. This hard X-ray emission could be interpretatdhestandard way, as produced by the
upscattering of soft seed photons by a hot, optically thixctebn plasma. During the decrease of



LMXB with INTEGRAL Pietro Ubertini

the flux the source show a different spectral shape with alpdieptht of the plasma lower than
0.8 and a very high Comptonization plasma temperaturé3of ~ 69-87 keV. These measured
parameters agree well with the ones from previBeppoSAXobservations (Natalucci et al. 2000),
showing the same X-ray spectral behavior: during the debage of outbursts (1998 and 2007)
no high energy spectral steepening was observed. In thisrapstate, spectra are well fitted with
a simple power law model, indicating the presence of a plessibin thermal electron distribution
of velocities.

6. Ultra Compact X-ray Binary Bursters

Ultracompact X-ray binaries (UCXBs) are systems with @lbfieriods Pyp) shorter than
~1 hr in which a neutron star or black hole accrete matter fraomapanion low mass star.

We carried out a systematic analysis of all Bursters UCXPsmed in the latesNTEGRALIBIS
survey (Bird et al. 2007) having the following properties:

a) they are persistent UCXB bursters

b) there are available data in the soft X-ray energy bandéati- 2 — 8keV) from SWIFT/XRT or
BeppoSAXarchives.

Details on data reduction and spectral fit results can bedfdnriFiocchi et al. 2008. The
IBIS long monitoring results indicate that UCXB sourcesrgpenost of the time in the canonical
low/hard state, with the only exception of the source 4U 182@@vhich was always detected in a
soft/high state. The luminosities are lower thgn7 x 10% erg s™%, kTeare typically> 20 keV
andt < 4-5, but for the source 4U 1820-30 (see Fiocchi et al. 2008, dtaits).

Figure 6 clearly shows the majority of the sources are in #re Btate with constant emission be-
tween 10 and 70 keV.
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Figure 6;: Comparison of the extrapolated models for the burster UCK&ovations.
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Figure 7: Ratio of the disk to total luminosities versus the total Inpsities. Lines are loci of constant
magnetic field (0.1, 0.3, 1, 4, and §@0° G, increasing from top to bottom), assuming a 2 Keutron star
and a radius of 10 km.

On the contrary 4U 1820-30 and 4U0614+091 have shown aeiiffemergy spectrum shape.
The first one is observed only in a typical high/soft statehvaih accretion rate df0.6 — 1.0) x
10-8 M, /yr, a low electron temperature-(3 keV) and a very high optical depth-{5-16). This
source could be a triple system consisting of a white dwanfedinng onto a neutron star and a third
body with mass weakly constrained.04 M. <M < 0.5 M), with two timing modulations,
the orbital period of 685s and super orbital variability~ofl70 d (Zdziarski et al. 2007a, 2007b).
The second one, 4U 0614+091, shows a very high electronstamope ¢ 140 keV). The different
spectral shape could be due to non thermal emission nahdeed Piraino et al. (1999) interpreted
the hard emission as inverse Compton of seed photons withNManavellian electrons distribution.

Assuming the soft component arising from the inner dislg gossible to estimate the strength
of the neutron star magnetic field. The total luminosity carekpressed asd=GMpsM/Rps and
the accretion disk bk as Lgisk=GMnM/2Rm (Priedhorsky 1986). Ris the magnetospheric radius

Rm =208 RY'MY7L;%7E km

where B=R;10® G is the magnetic field, R=Rs 10 km, M,s=2 M> M, is the neutron star
mass, kot = 10°7 L3y erg s'1 and the parametey accounts for the disk geometry of the accretion
and isé ~0.5-1, (Ghosh & Lamb 1979, 1992). This formulation allowsaiestimate the magnetic
field strength of a neutron star from the luminosity of thekditn Figure 7 a grid with different
neutron star magnetic fields, assumingrR, M,=1 andé =1, is superimposed on a plot of the ratio
of disk to total luminosity

% _ o.255g4/7 Rg3/7 M;l/? L§/77 £

versus the total luminosity (0.1-100 keV). This ratio deggeronly on the magnetic field
strength and total luminosity. The magnetic field estimakethis way for the source 4U 1820-
30, B<(0.8—4) x 10°G, is in agreement with the previously derived value (B5210°G, Sidoli
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et al. 2001; B£0.8 - 9) x 168G, Campana 2000). Most of the sources presented here show mag
netic field in the range- (0.1—5) x 10BG. Only 4U1812-12 and XB1832-33 are characterized by
a higher value for the magnetic field.

7. Conclusions

Broad band observations have been shown to be a powerfulaatlidy the accretion flows
around neutron stars. Significant progress have been possdently thanks ttNTEGRALwhich
has both broad band coverage and high sensitivity in hardyXiBIS instrument observed 43%
of LMXBs known. By comparing with the previous editions,gmumber is costant and represent
the ~20% of 20-100keV sources and45% of high energy$100keV) sources.

Moreover, INTEGRAL observed50% of known Bursters and half of these is emitter beyond 100
keV.

The INTEGRAL long monitoring allowed us to study the hard&#Gamma emission of persistent
and transient bursters in different spectral state, toedisthe physical process in this class of
objects. As for BHC, the accretion in hard spectral stateMXB with neutron star could occur
in the form of a truncated accretion disk and a hot inner flowhigher accretion rate, the inner
accretion flow would cool down and collapse, with the disktiggtcloser to the neutron star.
The spectral transitions are associated with accretian vatiations, which changes in turn the
temperature of the Comptonizing electrons and the stresfg@ompton reflection. These can be
explained in a model with a truncated outer disk surrounditgt inner flow, being the truncation
radius determinated by the accretion rate.

INTEGRALdata have shown new example of LMXBs with non thermal specitas evidence
gives us an indication that the mass outflows are importabinary systems with neutron stars
because of the possible association with a jet formation.

Finally, UCXB Bursters observed wiltNTEGRALshowed some common properties:

a) they spend most of time in a typically low luminosity hatats, with X-ray spectra extended up
to high energies~200 keV)

b) they are weak persistent sources-(110%%ergs1))

with low mass accretion rate{ 10~ 1%Mggar yr 1)

c) they show flat spectra as plotteddA F (E) from 3 up to 80 keV
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