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The XMM-Newton/Chandra monitoring campaign of the Galactic
center region

Description of the program and preliminary results
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Abstract. We present the first results of our X-ray monitoring campaigre. 1.7 square degree region centered on Sgr A*
using the satelliteXMM-Newton and Chandra. The purpose of this campaign is to monitor the behaviorofhelO keV) of
X-ray sources (both persistent and transient) which aréiobdto be detected by monitoring instruments aboard athtsllites
currently in orbit (e.g.Rossi X-ray Timing Explorer; INTEGRAL). Our first monitoring observations (using the HRC-I aboard
Chandra) were obtained on June 5, 2005. Most of the sources deteotéd be identified with foreground sources, such as
X-ray active stars. In addition we detected two persistemayXbinaries (1E 1743.1-2843; 1A 1742-294), two faint }-ra
transients (GRS 1741.9-2853; XMM J174457-2850.3), as aglh possible new transient source at a luminosity of a few
times 16* erg s®. We report on the X-ray results on these systems and on theleteation of the transients in follow-up
radio data using the Very Large Array. We discuss how our toang campaign can help to improve our understanding of the
different types of X-ray transients (i.e., the very faint ones).

Key words. Accretion, accretion disks — Binaries:close — X-rays:higm

1. Introduction (the “X-ray binaries”). The outbursts are ascribed to a hnge

h lled i hi crease in the accretion rate onto the compact object. Jevera
Many X-ray sources (the so-called X-ray transients) exhibyy, o types of sources can also manifest themselves as X-ray
orders of magnitude va_rlablhty in their X-ray luminostie transients (e.g. accreting white dwarfs, magnetaray bursts,
N_ormally they are too dim tp be detected gnd _they are Orﬂ)ﬁre stars, young stellar objects, active binaries), hewnekeir
discovered when they experience one of their bright outi9urspeak luminosities are many orders of magnitude lower than
The brightest transients can be identified with Galactidmeeu <o of the transient X-ray binaries (except feray bursts

stars and black holes accreting matter from a companion $AY bursts from magnetars). One usually refers only to tran-
sient X-ray binaries when talking about X-ray transients.

Send offprint requests to: R. Wijnands
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1.1. Classifying the X-ray transients In't Zand (20017)). This realization came when many suchtfain
low-mass systems were detected by the Wide Field Cameras
Early satellites were mostly able to detect only the brighte(WFC) aboardBeppoSAX. Several global characteristics of the
transients. As the instruments became more sensitivetefaifint low-mass transients sets them apart from the brigiyer
tran.sients were foynd which exhibit qualitativel)ffe_l'rent. be- tems. First, contrary to what is observed for the brighter-lo
havior from the brighter systems. Consequently, in thisebaRnass systems, a very large fraction of the faint ones contain
we classify the dierent X-ray transients based on their maxjyeytron-star accretors as determined by the detectiorpef ty
mum observed peak X-ray luminosities (from here on we Will x_ray pursts or millisecond X-ray pulsatichsrom them.
quote 2-10 keV luminosities unless otherwise noted): Second, their Galactic distribution isfiiirent from that of the
brighter systemg (Cornelisse et al. (2002a)), with thet 1ain-
mass transients more concentrated toward the Galactic cen-
transients have peak X-ray luminosities of 316° Fer. King (2000) argued that .the faint low-mass transienés a
erg s' (eg. [Chenetal (1997)). Monitoring Cam_|ndeed diferent from the bright systems and that they are

paigns with several satellites (e.gBeppoSAX, RXTE mainly neutron star X-ray binaries in very compact binaries
INTEGRAL: see, e.g.[ Tt Zand (200'1) Cevine ét al (1c'963/vith orbital periods<80 minutes. However, clearly not all sys-

Swank & Markwardt (2001), | Revnivisev et al. (2004): se@_ms have sygh short orbital period since, e.g., the faamt-tr
Int Zand (2001) for an overview of past and current monitof€Nts and millisecond X-ray pulsars SAX J1808.4-3658, XTE

ing campaigns focusing on the Galactic center region) hatk814-338, and IGR J00293934 have periods-80 min-

been very successful in discovering many such bright X-rieS- Also not all systems harbor neutL(I)n itahrslsmce (t;"g fai
transients and monitoring their X-ray properties. Inteasi fansient XTE J1118480 is a strong black hole candidate

studies of the large amount of available data have yieldedvéfagner etal. (2001)).
good understanding of their behavior and it has been found

that a large fraction of them harbor accreting black holes\fery faint X-ray transients (VFXTs): These transients have
they accrete from a companion star with a mass solar peak X-ray luminosities of 13§36 erg s. Until recently, only
mass, but a neutron star if the companion has a nds$s |imited evidence was available for the existence of thissla
solar masses. In systems with a low-mass companion (B#ause detecting such very faint transients is challengin
low-mass transients), the mass transfer occurs becausedfi€ to sensitivity anfdr angular resolution limits of many
donor star overflows its Roche-lobe. To explain the outsBursk-ray instruments. Despite thefficulties in finding VFXTs,
the disk instability model is the most widely accepted (e.ghointed observations with relatively sensitive X-ray Hués
Lasota (2001)). In the massive transients the mass trangtefy., Granat; ASCA) resulted in the detection of several
occurs because of the strong stellar wind of the compan&in sfFXTs near the Galactic center (e.d., Paviinsky et al. (3994
or through a decretion disk. The most common type are {ifigrii et al. (1998), [Maeda et al. (1996)). More recently,
so-called BgX-ray transients in which matter is accreted frong  significant number of systems have been found
the circumstellar decretion disks around rapidly spinr#nor  (Sidoli et al. (1999), Hands et al. (200%), Porquet et al0@0
sometimes late O-type stars. The physics behind the irregiakano et al. (2005), Muno et al. (2003b)), thanks to the sen-
outbursts observed for the bright high-mass transients gfgve Chandra and XMM-Newton X-ray satellites, supporting
not yet fully understood but it has been suggested that these claim (e.g.[ Sakano et al. (2005)) that a class of VFXTs
systems might be BX-ray binaries which have relatively low exists in our Galaxy. It is very likely that these VFXTs
eccentricities (e.g., Okazaki & Negueruela (2001)). are accreting neutron stars and black holes since only one
accreting white dwarf has exhibited outbursts abov¥ &g

—1 I~ i 1
Faint X-ray transients: These transients have peak X-ray u2 (Vatson et al. {1985)). For this reason we usé‘Hg s

minosities of 1653 erg sL. Although the faint high-mass as the lower luminosity border for the VFXTs class (see also

transients also contain mostly neutron-star accretorsiy th\/erbunt et al. {T98}). In sectidl].2 we discuss the VFXTs

outbursts are markedly fierent from their brighter siblings further.

since the faint outbursts occur usually in series separated o ) ) )

by the orbital period while the brighter outbursts do not re-, Our cIaSS|f|c§1t|on _Ob”ght to very b(lght, famt,_ a_ndvery
peat every orbit, clearly indicating fiiérent physics involved faint X-ray transients is somewhat arbitrary and it is clear that

(Okazaki & Negueruela (2001)). It is thought that these pefyStems straddling these classes do exist. For examplegthe
odic outbursts occur when an accretor is in a wide eccentfi@h Star X-ray transient in the globular cluster NGC 644G wa

orbit around a Be star and only at minimum distance from tiféssified as a faint X-ray transiert (In 't Zand etal. (1999)
companion does the accretor come inside the decretion fiskg— :
It is interesting to note that all but one of the seven culyent

the Be star where its is able to accrete matt’er and thgs 'F’ec‘?{?ﬁ‘o n accreting millisecond X-ray pulsars (see Wijnand¥@, for
X-ray active (_e.g, Okazaki & Neg“erue'a, (2001)). Slmllarlya review) are faint X-ray transients. The one which is notiat faan-
several detections of low-mass faint transients have beglemgjent (xTE J1751-305; peak X-ray luminosities of a few tine¥
in the past (e.g|, Sunyaev (1990), Pavlinsky et al. (199, erg s?) had a very short outburst duration (e-folding time of ol
only recently it was realized that they might form a distinaiays) resulting in a low time-averaged accretion rate sinti the
class from the brighter low-mass systeins (Heise et al. (J1 99&her accreting millisecond pulsars.

Bright to very bright X-ray transients: These
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but later it was found to also exhibit bright X-ray outburstX-ray pulsar is usually associated with high-mass X-rayabin
(Kaaret et al. (2003)). Furthermore, the bright neutron Xta ries. The detection of a significant number of high-mass sys-
ray transient SAX J1747.0-2853 (e.g., Werner et al. (4004¢ms would be very important since the currently identified
was seen on several occasions at luminosities of only a f@wighter) systems form likely only a small fraction of thueal
times 16° erg s? (e.g.,[Wijnands et al. (2002)). If the brightGalactic population of high-mass X-ray binaries. Howeités,
outbursts of this source had been missed because, for expossible that some of these systems might in fact not be high-
ple, no X-ray satellite was pointed in the source directtban mass X-ray binaries but instead relatively close-by aguget

it would have been misclassified as a VFXT. Nevertheless,imagnetic white dwarfs (i.e., the intermediate polars)nirtbe

this paper such a classification will prove quite useful Ikitey  X-ray data it is dfficult to ascertain the exact nature of these
about the dferent types of transients. systems and identifications of their optical or IR countetpa

Recently, another type of accreting neutron star has be§ needed-to distinguish the high-mass X-ray binary system
identified in the Galaxy: the so-called 'burst-only soutcedrom the white dwarf systems.
(Cornelisse et al. (2002a)). The burst-only sources ar@apgr No significant pulsations have so far been detected for the
of nine objects detected by tHeeppoSAX/WFC when they other VFXTs. More information about the nature of these sys-
exhibited a type-l X-ray burst. No detectable accretionsemitems could be obtained by studying them in optical or in-
sion around the bursts could be detected with that instfilared. However, none of the VFXTs has so far been de-
ment, with typical upper limits on the accretion luminositected at optical or infrared wavelengths. For the VFXTsia t
ties of the order of 1¥ erg s. Subsequent X-ray observaGalactic center region it was found that they harbor compan-
tions of these systems using a variety of satellites redealens fainter than B2 IV star$ (Muno et al. (2005a)). Therefor
that one source is a persistent X-ray source at very faint itiis likely that a significant fraction of the VFXTs are neu-
minosities [(Tn 't Zand et al. (200B)), two are faint X-rayrra tron stars and black holes accreting matter at a very low
sients (e.g[, Cornelisse et al. (2002b)), and one is a VFXT,(erate from a low-mass companion star. Moreover, at least one
Hands et al. (2004)). The other five sources could not yet ¥EXT has exhibited type-l X-ray bursts (SAX J1828.5-1037;
classified, although they are all X-ray transients sinclodel [Cornelisse et al. (2004¢), Hands et al. (2004)) which are usu
up observations witiChandra could not detect any persistenglly identified with low-mass X-ray binaries. Such low-mass
accretion luminosities from theni (Cornelisse et al. (ZQp2bX-ray binaries have very low time-averaged accretion rates
Presumably, they experienced their X-ray bursts duringfbriwhich could become a challenge for our understanding of thei
accretion outbursts which had peak luminosities beld@® evolution [King & Wijnands (2005%)).
erg st. Therefore, these systems are good candidates to beTo improve on the limited amount of knowledge about the
classified as VFXTs, although definitive proof has to conwbservational properties of VFXTs, monitoring campaigrs a
from detecting these systems during such very faint outburgequired with instruments which:
(see alsp Cornelisse et al. (2004) for a discussion on tissiela

fication of burst-only sources). — are sensitive enough to detect the very faint X-ray luminosi

ties of these systems
1.2. VEXTs in more detail — have a large field-of-view (FOV) to monitor a large region
allowing for the discovery and monitoring of many systems
Currently, little is known about the properties of the VFXTs— have rapid data turn-around time to allow fast follow-up
due to the low number of systems known and the scarcity observations at all wavelengths to study the VFXTs when
of observations during their outburst episodes. Some ahthe they are still active
might be intrinsically bright transients at large distasidgow- — have (sub-)arcsecond resolution to limit source confusion
ever, many are observed near the Galactic center, indicatin and to allow for unique determination of the counterparts at
source distances of8 kpc and therefore very low peak in-  other wavelengths which will help to establish the nature of
trinsic luminosities. In addition, some VFXTs might be in- the systems (e.g., IR observations might help to determine
trinsically brighter than observed due to inclinatiofieets the type of companion star).
(e.g.,|Muno et al. (200p)), but this can be argued for only

a small fraction of the VFXTs (see the appendix; see also gych a monitoring instrument does not exist and in prac-
King & Wijnands (2003)). Therefore, we consider it likelyeth tice might be dificult to achieve since, for example, a large
most VFXTs indeed have very faint intrinsic X-ray luminosieoy and very good sensitivity are usually mutually exclesiv
ties. Fortunately XMM-Newton and Chandra are excellent to per-
The characteristics of the VFXTs (e.g., their spedorm such a monitoring program but only within a limited FOV.
tra, their outburst light curves, timing properties; e.gTherefore, we have secured such a program using both satel-
Sakano et al. (2005), Muno et al. (2005a), Tori et al. (IP98jtes for a limited region close to Sgr A*. This region was €ho
indicate that they are not a homogeneous class of sourcesdaut for two reasons: there is a high concentration of stargjal
that diferent types of accreting neutron stars and black holi line of sight and most known VFXTs have been detected
show themselves as VFXTs. The detection of slow pulsatioimsthis region (e.g/, Muno et al. (2005a)). We will first deber
in some VFXTs (e.g|, Tori et al. (1998)) indicates that aiske the details of the program and then present some initiaimprel
some VFXTs could have a high mass donor star since a slmary results.
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2. Description of our program tool wavdetect to search for point sources in our data and to
obtain the coordinates of each source that was detected. We

In proposal cycle 4 oKMM-Newton, we have secured a pro- . . I
ran the tool on the combined image as well as on each indi-

gram using this satellite in combination with t@kandra X- . . L ) .

; . vidual observation. Due to variations in the size and shdpe o
ray Observatory to monitor a 1.7 square degree region cmhterh . d-f . f . lo f h
around Sgr A*. The FOV of our program is shown in Figlre {ne point-spread-function as a function dfset angle from the
We will have 4'X-ray epochs (two withMM-Newton and two pointing directions, we ramavdetect on images with dter-
with Chandra) with each epoch consisting of seven observent binning factors. We are still exploring ways to opti

tions (their pointing directions are indicated in FiglteEach Betection method so it is likely that in our final analysis we

. ) e ill find more sources than the ones we report on in this paper.
pointing lasts~5 ksec and will reach an overall sensitivity 0{: P pap

5x 10% erg s (at 8 kpc; from here on we assume a distand owever, we expect that in the current analysis we are com-
9 - © KPC, NN Blete for sources with inferred X-ray luminositied0® erg
of 8 kpc when quoting X-ray luminosities) for ti@handraob- _;

servations to an order of magnitude better forxiéM-Newton

observations. The FOVs of theftirent pointings overlap by The errors on the source positions arfiidilt to estimate
several arcminutes (Fifll 1) to compensate for the loss isisefior the sources found at relatively largéfset angles. The
tivity toward the edge of the FOV of the instruments. For th&symmetries in the point-spread-function at largfeaxis an-
Chandra pointings we have chosen to use the HRC-I detegtes can result in large systematic uncertainties whengusin
tor because it has the largest FOV of any instrument abogjghdetect (e.g.[Hong et al. (2005)). We are pursuing extensive
Chandra (the FOV of the HRC-I is approximately equal to thejmylations to investigate théfects on the positional errors for
FOV of the instruments aboaiXMM-Newton), although this 5 |arge range offiset angles as well asftérent source lumi-
comes at a loss of sensitivity for hard sources and the loss\@kities. A similar investigation has already been perfatm
any spectral information. All detectors will be on durin@thfgr the Chandra/ACIS-I combination by] Hong et al. (2005).
XMM-Newton observations but we will mostly focus on theajthough they investigated the ACIS-I (and not the HRC-1),
data obtained with the EPIC detectors (the two MOS and t[jgeq only d&set angles up to 1{instead of>20' as we some-
pn chips). The RGS will only be useful when a single brighimes encounter), and focused mainly on the faint sources, w
source is in the FOV. will use their results as a first order approximation on theiac
The purpose of our monitoring campaign is to study th@cy of the positions we obtain usimgvdetect. We use equa-
variability behavior of the transient and persistent sesrn  tjon 5 in[Hong et al. (2005) to estimate the uncertaintiesin o
the survey region at levels not reachable by other moniorigositions. If the sources were detected in multiple obsims,
instruments in orbit. Although our interests focus on the age only give the positions and their errors obtained from the
creting neutron stars and black holes in the FOV, our campaigta set in which the sources had the small@sebin order to

will also be used to study the X-ray properties of X-ray ativminimize systematic uncertainties. However, we urge cauti
stars, dense star clusters (e.g., the Arches cluster)sfles®  \yhen using our positional uncertainties.

Sgr A*, accreting white dwarfs, and any other object in the

FOV which might exhibit persistent or transient X-ray emis- For each detected source we extracted the background cor-
sion at levels detectable during our observations. THerdint rected count rate from the images using the standard CIAO
observation epochs are separated in time from each othertdgls for the full energy range of the HRC-I (0.08-10 keV).
at least one month so that we can monitor the X-ray behaviline count rates obtained can be converted into fluxes using
of the detected sources on timescales of about 1 month toRIMMS?, assuming particular spectral models and values for
most a year. The first epoch data were gathered on 5 June 20@b5interstellar absorption. Again, the analysis is coogiéd
(Chandra) and the remaining three epochs are currently schdzecause many sources are detected at lafgexas angles and
uled for the week of 17—24 October 20@Eh@ndra), and at the vignetting becomes a serious issue. It is currentffialilt to

end of February 2006 and early April 2008MM-Newton). correct the count rates for vignetting because tfexés depend
Here we report on the initial results obtained during the firstrongly on both the f6-axis angle and the assumed source
epochChandra data. spectra (which are unknown since the HRC-1 does not cusrentl
allow to extract energy information). Therefore, the caatés

we quote are the uncorrected count rates and are therefore
lower limits to the count rates the sources would have if they
The first data of our monitoring campaign were obtained overe located on-axis. Depending on the-axis angles and the

5 June 2005, using théhandra satellite (see Talil 1 for a logsource spectra, the on-axis count rates could have beeer larg
of the observations) and the HRC-I detector. We processed bty a factor of a few. Again, if the sources were detected in-mul
data using th€handra CIAO tools (version 3.2.1) and the staniiple observations, we only give the count rates from thexdat
dard Chandra analysis threads We checked for backgroundset in which the sources had the smallefset to minimize the
flares during our observations, but none were found, allgwisystematic errors on the derived fluxes.

us to use all available data. We merged the flfedent HRC-

| observations into one image which we show in Figlire 2.

Clearly, several bright sources are visible by eye. We used t

3. Data analysis

2 Available from/ hitp//cxc.harvard.edaiag 3 Available from http//cxc.harvard.edtoolkit/pimms.jsp
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4. Results This results in unabsorbed fluxes aB 10719 (2-10 keV)

10 2 . 1 -
In total we have detected 21 sources so far. Two sources @?d 37x 10" erg cm” (0.5-10 kev) s . The correspond

Sgr A* complex and the Arches cluster) are known to embo
a complex of point sources in combination with stronfildie
emission|(Muno et al. (20034), Yusef-Zadeh et al.(Z002)g T
analysis of these complex regions is still in progress. Ten o

the remaining sources can be identified with known stars, (e. i

HD 316314, HD 316224, HD 161274, TYC 06840-38-1, ALS-2- The transient sources

4400; Fig2 left) or have clear counterparts in the Digitey S

Survey images indicating that they are foreground objeatd ( Two transients were clearly visible during our observation
hence have relatively low X-ray luminosities). We will nasd GRS 1741.9-2853 and XMM J174457-2850.3. We made a
cuss the detections of the foreground objects further ;ghi  preliminary announcement of the detection of these new out-
per, instead we will focus on the detected X-ray binaries. ~ bursts on 6 June 2005 (Wijnands et al. (2005)). Following¢he
detections, we obtained an additioZilandra observation of
both sources (using the ACIS-I detector) on 1 July 2005 (see
Tab.[0 for details). Because the two transients were sdlf

We detected the two persistent X-ray binaries known to @&ay from each other, we could observe both sources with only

presentin the surveying region: 1E 1743.1-2843 and 1A 17422€ ACIS-I pointing. We placed both sources at dhaxis
204. angle of 7 in order to limit pile-up in case the sources were

as bright as seen during the HRC-I observations. The ACIS-I
data were also analyzed using CIAO and the standard threads.
4.1.1. 1E 1743.1-2843 Again, all data could be used since no episodes of high back-

1E 1743.1-2843 is a persistent X-ray binary for which thety@round emission occurred during our observation.

of accreting object is not yet known. The source was in the

FOV of two of the seven HRC-I pointings and was detected

during both observations but we detected no bursts from th&.1. GRS 1741.9-2853

source. The position obtained from dtinandra/HRC-1 data is

consistent with that derived from a previoXsIM-Newton ob- GRS 1741.9-2853 is a neutron star X-ray transient (it edibi
servation [(Porquet et al. (2003)) although, due to the Bystetype-I bursts; e.gl, Cocchi et al. (1999)) which has been de-
atic uncertainties in our positional errors, it cannot eatly tected several times in outburst since its original discpve
be determined if our position is better than #&IM-Newton in 1990 [Sunyaev (1990)). Its peak luminosity is typically a
one. We used PIMMS to convert the obtained count rate (Jeg times 186 erg st making it a faint X-ray transient (see
Tab.[2). We assumed an absorbed power-law model similajNiino et al. (2003b) for more details). This source was de-
what was found by Porquet et al. (2003) when fittingXMM-  tected during two of our pointings (Tall 2) but we detected
Newton observation of the source (they obtained an equivalai bursts. The position of the source was consistent with, bu
hydrogen column densitiy of 2 x 10?* cm™ and a photon not better than the one obtained [by Muno et al. (2003b). The
index of 1.8). This results in unabsorbed fluxes &2 10° observed count rate was converted into fluxes using PIMMS
(2-10keV) and %10 erg cm?s* (0.5-10keV) and X-ray and assuming an absorbed power-law Wil = 9.7 x 10?2
luminosities of 1.4 and .3 x 10°® erg s*, respectively. These cm2 and a photon index of 1.88 (Muno et al. (2003b)). This
X-ray luminosities are very similar to what has been seen hesults in unabsorbed fluxes ofl1x 107X (2-10 keV) and

X-ray luminosities are 1.8 and®x 10% erg s, consis-
nt with what has been observed before for this source, (e.qg.
Sidoli et al. (1999)).

4.1. The persistent sources

fore for this source (e.d., Porquet et al. (2003)). 1.8 x 1019 erg cnt? s71 (0.5-10 keV), yielding X-ray lumi-
nosities of 0.8 and .4 x 10% erg s, respectively (for com-
4.1.2. 1A 1742-294 parison with previousChandra data on this source reported

by[Muno et al. (2003b), we also list the 2—8 keV luminosity of
1A 1742-294 is a persistent X-ray binary harboring a neutron0 x 10°° erg s'). GRS 1741.9-2853 was also detected dur-
star accretor as evidenced by the type-l X-ray bursts obsdering the additionaChandra/ACIS-I observation (Fid13). We ex-
from this system (see, e.(., Paviinsky et al. (1994)). We deacted the source spectrum using a source extractionredio
tected this source during both HRC-I pointings in which th&0” and a background extraction circle of’5ffom a source-
source was in the FOV. During the GC-10 pointing we detectéee region close to GRS 1741.9-2853. The spectrum was re-
an X-ray burst. OuChandra position is fully consistent with binned to have at least 15 counts per bin to allow gAdit-
the best position so far reported on this source (UBB§AT; ting method. The resulting spectrum is shown in Fiddre 4. We
Sidoli et al. (2001)) and despite the possible unknown systeused XSPEC to fit the spectrum and the fit results obtained are
atic uncertainty in our errors, our position is better. Waiag listed in TabldB. Clearly, the source flux had decreased-by al
used PIMMS to convert the obtained count rate (seelTab. 2) andst an order of magnitude within about a month (i.e., since 5
used the absorbed power-law mods;(~6 x 10°2cm ; pho- June 2005). The long-term light curve of the source is pibtte
ton index~1.8) found when fitting thdeppoSAX and ASCA  in Figure[® showing the multiple outbursts of the source @ th
data of the source (Sidoli et al. (19p9), Sakano et al. (2002past 15 years.
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4.2.2. XMM J174457-2850.3 one previousXMM-Newton observation. The source was not

) ) detected during thiXMM-Newton observation, but it was at
XMM J174457-2850.3 is also clearly detected during OWie edge of its FOV making it fiicult to obtain a reliable up-

HRC-1 observations (Fid.]2). This source has been detecigd |imit on the flux, especially because we do not know the
only once before in outburst in 2001 (usidMM-Newmon;  gnectral shape of the source. We estimate that the lumyrafsit
Sakano et al. (2005)). During that outburst the source was Sgne source was at least a factor of a few fainter duringdid/-

at a peak luminosity of & 10** erg s*, justifying a classi- Newton observation compared with our HRC-I data. Although
fication as a VFXT. We detected it during two of our pointgys js syggestive of a transient nature for this sourceputa:

ings (Tab[P) but saw no bursts. Our source position is colys, pe a highly variable persistent source. Currently, e w
sistent with that obtained by Sakano et al. (2005), althougkya, 1 this source as a possible new VFXT.

the exact uncertainty on our HRC-I position is currently un-
clear. However, the source was also detected during our ad- _
ditional ACIS-I observation yielding a more reliable pamit 4.2.4. Observations at other wavelengths

even though the source was relatively weak (see[ab. 2). Ti§ optained VLA observations at 4 and 6 cm on 8-9 June 2005
position is significantly better than théMM-Newton one. The  « sng 1741 9-2853 XMM J174457—2850.3. and the possi-

observed HRC-I count rate was converted into fluxes USIBE new VEXT. The analysis of these radio data is complicated

PIMMS and assuming an absorbed power-law wiy = by the strong side-lobes of Sgr A* and we are still in the pro-

2 —2 H
6x 1072 cm2 and a photon index of 1.0 (Sakalrgo etal. (2005))ess of fully analyzing these data. A preliminary analydis o
This resulted in unabsorbed fluxes ofl ¥ 10~

10 A (2-10keV) " 1he 4 cm data shows that none of the sources were conclusively
and 13 x 10~ "erg cm® s * (0.5-10 keV) and in X-ray lumi- yatected with radio fluxes of @03 + 0.060,-0.002+ 0.046,
nosities of 0.8 and.0x10** erg s, respectively. This is signif- .4 9032 + 0.043 mJybeam, respectively. On 8 June 2005,
icantly brighter than what was previously found for the seur Caycock et al. (2005) obtained I-band images of GRS 1741.9—
and makes it a borderline case as a VFXT. As stated abo¥8s3 and XMM J174457—2850.3 using the Magellan-Baade

XMM J174457-2850.3 was also detected during the additionglescone but could not detect the I-band counterpartsef th
Chandra/ACIS-I observation (Fid.]3). We extracted the sourcg, ices This is not surprising when considering the high ab
spectrum using a source extraction region 6f Bue to the <o ricr'column in front of both sources.

rather low number of source photons (26 counts in the 0.3-7.0
keV energy range) we did not rebin the spectrum or subtractth ]
background (which was0.3 photon in the source region and- Discussion

therefore negligible) so that we could use the Cash s@istye have presented our initial results of the first observa-
(Cash (19.79)) Wheq fitting the _spectrum in )_(SPE_C. The fit rons taken as part of ouXMM-Newtor/Chandra monitor-
sults obta_med for this o_bservatlo_n are also listed in TElded ing campaign of the inner region of our Galaxy. Using our
the resulting spectrum is shown in Figlle 4. Clearly, thee®U cpangra/HRC-1 observations we detected mostly foreground
flux ha(_JI decreased by n_early_three orders of magnitude W|traﬂjects (like X-ray active stars), but we also detected two
approximately amonth (i.e., since 5 June 2005). The long-te ¢ sistent X-ray binaries, two X-ray transients, and ong- po
light curve of the source is plotted in Figdde 5. sible very faint X-ray transient (but its transient natuge r
quires further confirmation). Clearly, our monitoritgMM-
4.2.3. A possible new VFXT Ne/vton/C_handra cqmpaign is detecting transie_nts_ in. out-
burst which are being missed by the other monitoring instru-
None of the other known transients in the FOV of our observarents in orbit. Our campaign therefore complements, as de-
tions (see Tall_Al1) were conclusively detected in our HRGsigned, other monitoring campaigns using satellites odigrén
data. The upper limits on their luminosities depend strpogl  orbit (e.g.,[ Levine et al. (1996), Swank & Markwardt (2701),
their spectral shape and theif-axis positions, with arough es{Revnivisev et al. (2004),  Kuulkers et al. (2005)). These- pro
timate of~10%* erg s1. Several additional weak sources wergrams find mainly the brighter transients or the faint trants
detected during our observations which could not be idextififar away from the crowded fields near Sgr A*.
with a star in the Digital Sky Survey database. Only one of The faint X-ray transient GRS 1741.9-2853 was detected at
these had a large enough count rate (see[Tab. 2) that its X-adgvel of~10% erg s, very similar to what has been observed
luminosity exceeded ferg s if it had a ’prototypical X-ray previously for this source. A month after our initial HRC$-0
binary’ spectrum (power-law model with photon index of 1.8ervations this source could still be detected #6°° erg s
and a typicaNy of 6x 1072 cm2). Using such a spectral shapewith the ACIS-I. The parameters obtained for the source-spec
the source had unabsorbed X-ray fluxes of 1.9 attck301? trum during this observation were consistent with thosentbu
erg st for 2-10 keV and 0.5-10 keV, respectively, and thusy[Muno et al. (2003b) when the source was an order of mag-
luminosities of 15 x 10** erg s (2—10 keV) and 2 x 10°** nitude brighter, indicating that the source spectrum isveoy
erg st (0.5-10 keV). We note that we do not know the independent on source luminosity. Although we did not detect
trinsic source spectrum and therefore these fluxes and lubdiray bursts during our observations, this source is knawn t
nosities could be significanthyfioif the real source spectrum isexhibit such phenomena making it very likely to be a neutron
considerably dferent. We investigated tfghandraandXMM-  star accreting from a low-mass companion star. Even though
Newton archives and found that the source was in the FOV ob opticalinfrared counterpart has so far been found for this
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source, type-l X-ray bursts have only been seen for low-maasy spectral information from the HRC-I data we cannot deter
X-ray binaries making it very likely that GRS 1741.9-2853 imine if the spectrum was significantlyfférent at times when
also such a system. The fact that GRS 1741.9-2853 harkthies source had X-ray luminosities close to*®6rg s*. Since
a neutron star also is consistent with the non-detectiohef tonly very few observations have been performed of this sourc
source in our radio data since neutron-star low-mass X-kay tsee Figlh), itis dficult to estimate its recurrence time (at most
naries are known to exhibit very low radio luminosities (g.gof order 3 years according to F[d. 5) and its time-averaged ac
Fender & Kuulkers (2001, Muno et al. (200bb)) cretion rate. The non-detection at radio wavelengths niight
Figure[® shows that the source has been seen to beligate that the source harbors a neutron-star accreta ainc
outburst at least 5 times with X-ray luminosities abové*10cording to the radio-X-ray correlation found for low lumiity
erg s. Its recurrence time can be estimated to be betweetlack hole binarieg (Gallo et al. (2003)) the source shoeaich
and 5 years, making GRS 1741.9-2853 one of the most &ed (if it harbors a black-hole accretor which was accreging
tive transients in our FOV, with a duty cycle of about 50%10° erg s*) a radio flux of~1 mJy, significantly higher than
(as estimated from Fid] %) Its peak luminosity is very sim- our radio upper limit. Alternatively, XMM J174457-2850.3
ilar to the accreting millisecond X-ray pulsar SAX J1808.4eould still harbor a black hole, but one which does not follow
3658. For that system and the other accreting millisecond s correlation.
ray pulsars, it has been suggested that their pulsatingenstu ~ We did not detect any unambiguous new VFXTs during
related to their rather low time averaged accretion rateg,(eour observations, although we detected a possible new VEXT
Cumming et al. (2001)). Although the time averaged accnetizvhose transient nature must be confirmed. This will be possi-
rate of GRS 1741.9-2853 seems to be higher than for the hte with our next sets of monitoring observations. Our three
creting millisecond pulsars due to its higher duty cycle,SGRadditional epochs will also be very important to find fur-
1741.9-2853 could still be a millisecond X-ray pulsar aslweher VFXTs, either previously unknown transients or recur-
(see alsd® Muno et al. (2003b)), especially if its duty cychs hrent ones. Our observations will allow us to set tighter con-
been overestimated (see footnble 4). Unfortunately, itg-fa straints on the time averaged accretion rates of thesensyste
ness and its location in the Sgr A* region make it vergfidi than is currently possible with the available data. Such- con
cult to detect these pulsations usiRYTE because of signifi- straints are especially important for the low-mass X-ray bi
cant contribution to the detected count rate from othercsir naries among the VFXTs because if their time-averaged ac-
in the FOV. However, withKMM-Newton pulsations could be cretion rates is very low then our theories of the evolutibn o
detected within several tens of ksec (depending on the lactsiach systems will have a very hard time explaining their-exis
fluxes of the source) if they have similar strengths as thegultence without invoking exotic scenarios such as accretiom f
tions seen in the known accreting millisecond pulsars. a brown dwarf or planet or intermediate mass black hole accre
The VFXT XMM J174457—-2850.3 was also detected duters (e.g.| King & Wijnands (200b)). The latter option cahno
ing our HRC-I observations at an X-ray luminosity close tbe invoked if type-I X-ray bursts have been observed fore¢hes
10% erg s. This is about a factor of 20 higher than whasystems since this establishes the existence of a neution st
was previously seen for this sourfe (Sakano et al. (2008)3. Taccretor. Potential candidates for such systems are tha-bur
demonstrates that VFXTs can exhibit a large range of X-ray lanly sources mentioned in the introduction. Monitoringerbs
minosities (similar to what has been observed for the beighwations of these sources with sensitive X-ray telescopesdvo
systems) and XMM J174457-2850.3 is at the border betwdasmvery useful to constrain their time-averaged accretidesr
faint and very faint X-ray transients, clearly demonstrgtihat to determine if indeed these rates are very low for these sys-
our luminosity boundaries are somewhat arbitrary as désmlistems.
in the introduction. It is possible that the previous detecof Finding new VFXTs and determining their time averaged
this source was made either during the rise or decay of a faficretion rate using our monitoring campaign is only one way
outburst and that the maximum luminosity reached at the tirfesward to increase our understanding of these enigmatic tr
was closer to what we have observed for the source during sients. We now discuss other avenues that can be explored as
HRC-I observations. Within a month the source luminosity havell to achieve that goal. First, a search in the data arshive
decreased by nearly 3 orders of magnitude. Its X-ray spmctrior previously unnoticed VFXTs (e.g., by comparingfei-
at this low X-ray luminosity was consistent with that foung¢nt exposures of the same fields) might lead to the detec-
by [Sakano et al. (2005) demonstrating that for this souree tion of several more systems. Second, larger regions of our
shape of its spectrum is not strongly dependent on luminos@alaxy need to be monitored at the desired sensitivity to de-
for luminosities below % 10** erg s1. Since we cannot extracttect the low fluxes observed from VFXTs. It is especially im-
portant to determine if a large number of VFXTs also exist
outside the inner region of our Galaxy. Muno et al. (20D5a)
ature than non-detections which will skew the data towarttae found that the excess of VFXTs within 10 arcminutes of

* 1 1fi 1 1 -
tions. For example, the data presented by Muno et al. (ZDef3BRS Sgr '?; IS S|gr;|f|(;‘ant and might point to a’? unusual forma
1741.9-2853 (as used in Fld. 5) does not report the non+itetec tion history of these systems. However, if a large number

of the source as seen WIROSAT (Sidoli et al. (2001)) oBepposax  Of VFXTs are also found further away from Sgr A* (e.g.,
(Sidoli et al. (1999); using the Narrow Field InstrumentSjnce no Systems like XMM J174716-2810.7 or SAX J1828.5-1037;
upper limits on the source flux are given in these papers, sedd [Sidoli & Mereghetti (2003), Hands et al. (2004)), then any-pr
not include these non-detections in Fj. 5. duction mechanism which requires the high stellar denggrn

4 We note that this is likely an upper limit on the duty cyclecgin
actual source detections are more frequently reported enlitér-
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Sgr A* cannot be invoked for these VFXTs. There is currentiing, A.R. & Wijnands, R. 2005, MNRASLetters, in press
no monitoring satellite in orbit which can perform that task (astro-pf0511486)

mainly due to a lack of sensitivity and angular resolutiothef Kuulkers, E., et al. 2005, The Astronomer’s Telegram, 438, 1
instruments. However, it is possible to derive a first appnax ~ Lasota, J.-P. 2001, New Astronomy Review, 45, 449

tion to the number density of VFXTs at large distances froen t2Ycock, S., Zhao, P., Torres, M. A. P., Wijnands, R., Steegh,
center of a spiral galaxy by performing several deep pajstin %:23:23:;] 35’2';0{‘9' J., & Jonker, P. G. 2005, The Astronomer
of the core of other§p|ral galaxies. The mostobvpu; chmeLevine, A M Bl’a'dt, H.. Cui, W., Jernigan, J. G., Morgan, K,
the nearest large spiral galaxy to our own, M31. Within2s0 Remillard, R., Shirey, R. E., & Smith, D. A. 1996, ApJ, 469.3.3

ksec exposure it is possible to observe a 3.7Ki&7 kpc re-  vaeda, Y., Koyama, K., Sakano, M., Takeshima, T., & Yamaughi
gion of M31 using theChandra/ACIS-I detector with a limit 1996, PASJ, 48, 417

sensitivity of 1— 4 x 10* erg s (depending on the spectralMuno, M. P., et al. 2003a, ApJ, 589, 225

properties of the sources). Several such deep pointing&dwoMuno, M. P., Bagan®, F. K., & Arabadjis, J. S. 2003b, ApJ, 598, 474
detect all but the faintest X-ray transients in a large regb Muno, M. P., Pfahl, E., Bagafiy F. K., Brandt, W. N., Ghez, A, Lu,
M31. Alternatively, such programs can also be performed for J., & Morris, M. R. 2005a, ApJ, 622, L113

the smaller spiral galaxy M33 or for galaxies further away. Muno, M. P., Belloni, T., Dhawan, V., Morgan, E. H., RemitlaR. A.,

the latter case, the limiting sensitivity will be of coursss. & Rupen, M. P. 2005b, ApJ, 626, 1020 _
Muno, M. P, Lu, J. R., Bagarih F. K., Brandt, W. N., Garmire, G. P.,

Acknowledgements. RW thanks Michael Muno and Andrew King for ~ Ghez, A. M., Hornstein, S. D., & Morris, M. R. 2005, ApJ, 633,

useful discussions about very faint X-ray transients. \ié® ahank 228 _ _ _ _
Michael Muno for the information on the absence of eclipses Negueruela, I., Smith, D. M., Reig, P., Chaty, S., Miguelrégn, J.
CXOGC J17535.5-290124. 2005, To appear in Proceedings of "The X-ray Universe 2005,

held in San Lorenzo de El Escorial (Madrid, Spain), 26-30
September 2005, ESA-SP 604 (astrggai10883)

References Okazaki, A. T., & Negueruela, I. 2001, A&A, 377, 161
Boirin, L., Barret, D., Olive, J. F., Bloser, P. F., & Gringlal. E. 2000, Pavlllrizky, M.N., Grebenev, S. A., & Sunyaev, R. A. 1994, M5,
A&A, 361, 121

Porquet, D., Rodriguez, J., Corbel, S., Goldoni, P., Wakyi®. S.,
Goldwurm, A., & Decourchelle, A. 2003, A&A, 406, 299
Porquet, D., Grosso, N., Burwitz, V., Andronov, I. L., Asdbach, B.,
Predehl, P., & Warwick, R. S. 2005, A&A, 430, L9
Revnivtsev, M. G., et al. 2004, Astronomy Letters, 30, 382
Sakano, M., Koyama, K., Murakami, H., Maeda, Y., & Yamau&hi,

Branduardi, G., Ives, J. C., Sanford, P. W., Brinkman, A. &.,
Maraschi, L. 1976, MNRAS, 175, 47P

Cash, W. 1979, ApJ, 228, 939

Chen, W., Shrader, C. R., & Livio, M. 1997, ApJ, 491, 312

Cocchi, M., Bazzano, A., Natalucci, L., Ubertini, P., Heidg Muller,
J. M., &in'tZand, J. J. M. 1999, A&A, 346, L45

Cornelisse, R., et al. 2002a, A&A, 392, 885 2002, ApJS, 138‘ 19

Cornelisse, R., Verbunt, F., in't Zand, J. J. M., Kuulkers,&Heise, Sakano, M., Warwick, R. S., Decourchelle, A., & Wang, Q. D020
J.2002b, A&A, 392, 931 MNRAS, 357, 1211

Cornelisse, R., et al. 2004, Nuclear Physics B Proceedinﬁ?on' L., Mt_areghetti, S., Israel, G. L., Chiappetti, LreVes, A., &
Supplements, 132, 518 Orlandini, M. 1999, ApJ, 525, 215

Cremonesi, D. I., Mereghetti, S., Sidoli, L., & Israel, G. 1999, Sidoli, L., Belloni, T., & Mereghetti, S. 2001, A&A, 368, 835

AGA. 345. 826 Sidoli, L., & Mereghetti, S. 2003, The Astronomer’s Telegrd 47, 1
Cumming, A., Zweibel, E., & Bildsten, L. 2001, ApJ, 557,958  Sunyaev, R.1990, IAU Circ., 5104, 1
Fender, R. P., & Kuulkers, E. 2001, MNRAS, 324, 923 Swank, J., & Markwardt, C. 2001, ASP Conf. Ser. 251: New Cgntu
Gallo, E., Fender, R. P., & Pooley, G. G. 2003, MNRAS, 344, 60 of X-ray Astronomy, 251, 94
Galloway, D. K., Chakrabarty, D., Muno, M. P., & Savov, P. 200 10"il, K., etal. 1998, ApJ, 508, 854
ApJ, 549, L85 Verbunt, F.,, Elson, R., & van Paradijs, J. 1984, MNRAS, 2149 8
Giles, A. B., Swank, J. H., Jahoda, K., Zhang, W., Strohmayer Wagner, R. M., Foltz, C. B., Shahbaz, T., Casares, J., CharleA.,
Stark, M. J., & Morgan, E. H. 1996, ApJ, 469, L25 Starrfleld, S. G., & Hewett, P. 2001, ApJ, 556, 42
Hands, A. D. P., Warwick, R. S., Watson, M. G., & Helfand, D. JVang, Q. D., Gotthelf, E. V., & Lang, C. C. 2002, Nature, 41831
2004. MNRAS. 351. 31 Watson, M. G., King, A R, & Osborne, J. 1985, MNRAS, 212, 917

Heise, J., in't Zand, M. J. J., Smith, S. M. J., Muller, M. Jhastini, Werner, N, etal. 2004, AZA, 416, 311 . ,
P., Bazzano, A., Cocchi, M., & Natalucci, L. 1999, Astropicgs Wijnands, R. 2004, AIP Conf. Proc. 714: X-ray Timing 2003:sRio

Letters Communications, 38, 297 ) and Beyond, 714, 209
Homan, J., & van der Klis, M. 2000, ApJ, 539, 847 Wijnands, R., Strohmayer, T., & Franco, L. M. 2001, ApJ, 5481
Hong, J., van den Berg, M., Schlegel, E.M., Grindlay, J.Eelg, W!!nands, R., Miller, J. M., & Wang, Q. D. 2002, ApJ, 579, 422
X., Laycock, S., Zhao, P. 2005, ApJ, in press Wijnands, R., et al. 2005, The Astronomer’s Telegram, 512, 1
in't Zand, J. J. M., et al. 1991, Advances in Space Reseafchigr ~ Yusef-Zadeh, F, Law, C., Wardle, M., Wang, Q. D., Frusciohg
in’'t Zand, J. J. M., et al. 1999, A&A, 345, 100 Lang, C. C., & Cotera, A. 2002, ApJ, 570, 665
in't Zand, J. 2001, ESA SP-459: Exploring the Gamma-Ray brsg,
463

In’'t Zand, J.J.M., Cornelisse, R., & Mendez, M., 2005, A&A firess

Kaaret, P., Zand, J. J. M. i., Heise, J., & Tomsick, J. A. 20883),
598, 481

King, A. R. 2000, MNRAS, 315, L33


http://arXiv.org/abs/astro-ph/0511486
http://arXiv.org/abs/astro-ph/0511088

Wijnands et al. XMM-NewtoryChandra monitoring campaign

Table 1.Log of theChandra observations for epoch 1

Field name ObsID Date Exposure  Instrument
(June 5, 2005, UTC) (ksec)

GC-1 6188 01:44 - 03:32 5.08 HRC-I

GC-2 6190 03:32 — 05:05 5.15 ”

GC-3 6192 05:05 — 06:37 5.14 ”

GC-7 6194 06:37 — 08:09 5.14 ”

GC-8 6196 08:09 — 09:41 5.14 ”

GC-9 6198 09:41 - 11:13 5.15 ”

GC-10 6200 11:13 -13:08 5.15 8

GRS 1741.9-2853 & 6311 02:04 —03:40 July 1 4.01 ACIS-I

XMM J174457-2850.3 "




Table 2. The X-ray binaries detected during our observations

Source nhame InFOV  fBset Coordinates Countrdte  Comment
of frame 0O RA Dec Error ()¢ (counts s?)
1E 1743.1-2843 GC-1 6.6 17 46 21.094 -284342.3 11 @Q4a07 Persistent X-ray binary
GC-2 18.5
1A 1742-294 GC-9 111 17 46 05.201 -293053.3 1.3 £Bad1 Persistent neutron star low-mass X-ray binary
GC-10 20.6 Burst detected during GC-10
GRS 1741.9-2853 GC-2 9.9 17 4502.385 -285450.2 15 2608 Neutron star faint X-ray transient
GC-7 15.9
ACIS-I 6.9 17 4502.350 -285449.9 1.2 0.269008
XMM J174457-2850.3 GC-7 11.4 17 44 57.440 -285020.3 15 76309 Very faint X-ray transient
GC-2 13.6
ACIS-I 7.0 17 4457.451 -285021.1 2.1 0.0e610015
Possible VFXT GC-3 8.7 1747 37.671 -2908 09.6 25 000302 Transient nature needs confirmation

a Offset between the source position and the pointing position

b Count rates are for the fuChandra/HRC-I energy range (0.08—10 keV) or the 0.3—7 keV energyedngthe Chandra/ACIS-1; they are background corrected, but are not cortefie

offset.

¢ The errors on the coordinates are calculated using equaiioiiong et al. (200%) with the addition of a 0.jointing uncertainty, corresponding to 95% confidencelfeve

0T

ubredwed Buliojuow eipLeyDMUOWSN-NINX e 18 spueulipy
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Table 3. Spectral results for GRS 1741.9-2854 and XMM J174457—
2850.3

GRS 1741.9-2854 XXMM J174457-2850.3

Parameter
Nn (1072 cmi2) 105733 6
Photon index B 13+11
Flux (10*? erg cnt? s71, unabsorbed)
0.5-10.0 keV 37 0.5:04
2.0-10.0 keV 2210 0.4:02
2.0-8.0 keV 1722 0301

a pParameter fixed to the value found|py Sakano et al. (2005).

11
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Fig. 1. Field-of-view of our monitoring campaign in Galactic
coordinates. The circles indicate tKtMM-Newton/MOS FOV
which is similar to theChandra/HRC-I FOV. The FOV is over-
plotted on theChandra Galactic center survey data as presented
by [Wang et al. (Z00R), which is centered around Sgr A* and
covers a region of approximatelyx 2°. The "field name’ (see
Tab.[1) of each pointing is indicated.

Fig. 2. The merged image of the Chandra/HRC-I observa-
tions. Left panel: the Arches cluster and a sub-set of the de-
tected foreground objects are indicated (only those sthishw
are known in Simbad are labeledight panel: the detected
X-ray binaries as well as the possible VFXT. Also indicated i
the complex X-ray emission around Sgr A*.
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Fig.3. Left panel: the Chandra/HRC-I image of XMM ‘ ‘ ‘ ‘ ‘
J174457-2850.3 and GRS 1741.9-2853 as obtained on June
5, 2005 (field GC-2)Right panel: the Chandra/ACIS-I im- S
age of both sources obtained on July 1, 2005. To show the twog,
sources most clearly we have rebinned the images to a resoi{
lution of ~2”. The apparent extended nature of the sources is

due to their relatively largeffset positions with respect to the L MM J174457.2850.3 y

pointing direction of the satellite. x x x x x
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2 k 1 Fig.5. The light curves of GRS 1741.9-2853 (top panel) and

XMM J174457-2850.3 (bottom panel). In both panels, the tri-

angles indicate the new data reported in this paper. In the
top panel, the squares and the upper limits are taken from
EX3 E Muno et al. (Z0054&) (see this paper for the exact energy eange
- for each point; ourChandra luminosities are for 2—-8 keV).

In the bottom panel, the squares and the upper limit are from

= Sakano et al. (2005) and all luminosities are for 2—-10 keV.

transients are just barely brighter than’®@rg s* and they
could just be the brightest VFXTs in the FOV). Clearly, the
2 o Gy 10 number of VFXTs within 150f Sgr A* is significantly larger
than that of the brighter transients. When extending thioreg
Fig. 4. The spectra of GRS 1741.9-2853 (top graph) and XMWt to 23, we see eight VFXTs, three faint transients and only
J174457-2850.3 (bottom graph). The solid lines trough tBeyright to very bright transients. Note, however, that tgion
data points indicate the best absorbed power-law fit to thee da- 10’ away from Sgr A* has been less sampled with sensitive X-
Before fitting, the data points of GRS 1741.9-2853 were rgay instruments than closer to Sgr A*, meaning that the numbe
binned so that each bin has 15 counts. The data of XMy VFXTs within 25 of Sgr A* is likely to grow thanks to our
J174457-2850.3 were fitted without any rebinning but for dignonitoring program.
play purposes that data in the figure are rebinned to 3 countsThis strongly suggests that the number density of VFXTs
per bin. is indeed significantly higher than that of the brighter tran
sients. The fact that the brighter systems were until régent
much easier to detect than the fainter systems means tkat thi
discrepancy in number densities will only become larger in
In Table[A7 we have listed the known X-ray transients arttle future. However, one VFXT (CXOGC J174540.0-290031)
persistent X-ray binaries which are in the FOV of 0(MM- and one faint transient (AX J1745.6-2901) have exhibited
Newton andChandra monitoring observations. This table alseclipses and there is strong evider{ce (Muno et al. (2008)) th
shows the distance of the sources with respect to Sgr A* and tt least CXOGC J174540.0-290031 was intrinsically much
maximum reported X-ray luminosity for these sources asdoubrighter &10° erg s1) than what we observe because the in-
in the literature. We have converted the luminosities t&h&0 ner part of the system is blocked from our line of sight and we
keV energy range using the reported spectral parameteng ofdénly observe the scattered (e.g., in a corona) X-ray enmissio
sources. From this table and from FiglirelA.1 it can clearly be
seen that only one bright to very bright transient is pregbAt possible that both sources are the same one, which wouldedtie
1742-289) within a distance 6f15 from Sgr A*, but eight number of VFXTs to seven although this would néeat the conclu-

VEXTs® and two faint X-ray transients (although the two fainflons In this appendix. However, no eclipses were found XOGC
J174535.5-290124 in thehandra data available for this source (M.

5 The VFXT CXOGC J174535.5-290124 is located in the error ciMuno 2005, private communication), making it less likelattfvoth
cle of the faint transient and eclipsing source AX J17459642 It is sources are the same one.

0.1

~1

Normalized counts s~ keV

1073
.

i
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Appendix A: Distribution of transients in the FOV
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from the system, making it artificially seem very faint. One
can argue that this holds true for the other eclipsing sourcer™
and possibly for all VFXTs for which we have not yet ob-
served the eclipses or the X-ray dips associated with high in
clination. If we conservatively assume that sources with in
clinations in the range of 6890 could appear as VFXTs,
then a random distribution of orbital inclinations shouidey
roughly equal numbers of bright transients and VFXTs (see
also[King & Wijnands (200%); the solid angle is proportional
to the cosine of the inclination). Clearly, the distributiof ob-
served transients in the FOV of our monitoring campaign (see €
Tab.[A) shows a lack of brighter systems, even when also
considering the two persistent X-ray binaries. T
Moreover, strong evidence exists that for the known
dippers and eclipsing X-ray binaries in other parts of the

100 1000
e
I

—10 keV; x 1036 erg s
10

inosity (2

0.1
[ ]

Maximum X—

Galaxy wedo directly look at the inner part of the sys- SE o ]
tems and not just indirectly via scattering (e.g., due to the [ ‘ ‘ ‘ ‘
detection of kHz QPOs or nearly coherent oscillations dur- 0 5 10 15 20

ing type-1 X-ray bursts in several high inclination sources Distance from Sgr Ax ()

3\'/9" dBOItrml et;(‘)l('),(fog))l'l Hon:a:w ‘Z(\)/;T de_lr_;(ns ggo)Fig.A.l. The observed maximum X-ray luminosities (2—-10
Jnands etal. (20U1], Galloway et al.{ )- There . keV) of the X-ray transients in our FOV as a function of the

observed X-ray luminosity is indeed the |ntr|n_S|c Iu_mlrt93| distance of the transients to Sgr A*,
of these systems. Only for the so-called accretion-diskita
sources (which have the highest inclination of all systems)
do we have evidence that only the scattered emission is seen
making these systems appear fainter than they are intaihsic
The inclination range for such sources is significantly $enal
than what we used above, thus making the problem even
worse. Clearly, it is very likely that most of the VFXTs do not
appear very faint as a result of inclinatioffexts but rather
that they are intrinsically very faint.

The fact that VFXTs seem to be overabundant close to the
Galactic center compared to brighter systems might alse hav
consequences for certain types of models for the VFXTs. For
example] King & Wijnands (2005) discussed briefly the pos-
sibility that the VFXTs harbor neutron stars and black holes
which accrete from the weak wind of low-mass companion
stars resulting in very faint outbursts. However, they arjinat
these systems must eventually evolve into brighter stages b
cause the companion stars will fill their Roche lobes at aoert
time in the future. If indeed, as they suggested, these tanigh
states have longer durations than the wind accreting statss
the lack of brighter systems present among the very fains one
would suggest that this model cannot explain the natureeof th
VFXTs.
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Table A.1. Persistent and transients X-ray binaries in the FOV
of our observations

15

Source name Distance from Sgr A*  Maximum lumino8ity Classification Comment Referefice
() (ergs?)

Transient sources
CXOGC J174540.0-290031 0.05 x110°° very faint eclipser, radio counterpart 1
CXOGC J174541.0-290014 0.31 x6L0%3 very faint 1
CXOGC J174540.0-290005 0.37 x4l 0P very faint 1
CXOGC J174538.0-290022 0.44 x3L0% very faint 1
1A 1742-289 0.92 * 10% very bright radio counterpart 2
CXOGC J174535.5-290124 1.35 4x 10°4 very faint 1
AX J1745.6-2901 1.37  10%6 faint burster, eclipser 3
CXOGC J174554.3-285454 6.38 x8L0* very faint 1
GRS 1741.9-2853 10.00 ®210%6 faint burster 4
XMM J174544-2913.0 12.56 5104 very faint 5
XMM J174457-2850.3 13.78 10% very faint 6
SAX J1747.0-2853 19.55 4 10%7 bright burster 7
GRO J1744-28 21.71 810°8 bright X-ray pulsar 8
KS 1741-293 22.09 % 10% faint 9

Persistent sources
1E 1743.1-2843 18.99 810% faint 10
1A 1742-294 30.95 % 10%7 bright burster 11

& These maximum observed luminosities are taken from the-refe
ences and converted to a 2—-10 keV luminosity for a distan&ket

b References: I- Muno et al. (200 5a); 2: Branduardi et al. 6],
Maeda et al. (1996); 4. Muno et al. (Z00Bb);|5: Sakano et ang2
6: this paper; 7:[ Werneretal. (2004); §:. Giles etal. (1P96);
9: [In"tZand etal.(1991); 10: [ Cremonesi etal. (1999); 11:
Sakano et al. (200R)

¢ This source is located in the error circle of AX J1745.6-286d
it is possible that both are the same source. However, npsediwere
found for CXOGC J174535.5-290124 in tBkandra data available
for this source (M. Muno 2005, private communication) makihis
identification less likely.
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