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Abstract. We report the results of X-ray (2-10 keV) observations of the giant molecular clouds Sgr B, Sgr C and
Sgr D in the Galactic Center region, together with the discovery of the point-like source SAX J1748.2-2808. The
data have been obtained with the MECS instrument on the BeppoSAX satellite. The core of Sgr B2 has an X-ray
luminosity of ~6 x 10** erg s~! and its spectrum is characterized by a strong Fe emission line at ~6.5 keV with
an equivalent width of 2 keV. Faint diffuse X-ray emission is detected from Sgr C and from the SNR G1.05-0.15
(Sgr D). A new, unresolved source with a strong Fe line has been discovered in the Sgr D region. This source,
SAX J1748.2-2808, is probably associated with a SiO and OH maser source at the Galactic Center distance. If
50, its luminosity is 103* erg s™!. We propose that the X-ray emission from SAX J1748.2-2808 is produced either
by protostars or by a giant molecular cloud core. Emission from sources similar to SAX J1748.2-2808 could have
an impact on the expected contribution on the observed Fe line emission from the Galactic ridge.
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1. Introduction

The Galactic Center (GC) region is characterized by a
strong concentration of point-like X—ray sources and by in-
tense diffuse X—ray emission, discovered with the Finstein
Observatory in the 0.5-4 keV energy range (Watson et al.
1981). The Ginga satellite revealed the presence of a
6.7 keV iron line emission from the Galactic plane, partic-
ularly bright towards the GC direction (Koyama et al.
1989). The ART-P observations (2.5-30 keV; Sunyaev
et al. 1993; Markevitch et al. 1993) showed that the diffuse
component follows the distribution of the giant molecular
clouds (GMCs hereafter) present in this region. These au-
thors suggested that the diffuse emission is due to scat-
tering in the molecular gas of the X-rays from nearby
X-ray binaries. They also predicted the presence of a
strong iron line of fluorescent origin at 6.4 keV, that was
later observed with the ASCA satellite (Koyama et al.
1996a). Indeed, the high spectral resolution observations
performed with ASCA confirmed the presence of the dif-
fuse 6.7 keV line component, extended symmetrically with
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respect to the GC, and discovered the existence of a dif-
fuse 6.4 keV line. The latter is spatially correlated with
the distribution of the molecular clouds and is particu-
larly intense in the direction of the Sgr B2 molecular cloud
(Koyama et al. 1996a).

The spectrum of the diffuse emission is well described
by a thermal hot plasma with temperature >7 keV, but
there is also evidence for a multi-temperature, or a non-
equilibrium ionization, plasma. In fact, several emission
lines are present, with the K-lines from iron and sulfur
(at ~2.4 keV) particularly bright (Koyama et al. 1996a).

The GC X-ray emission is part of the diffuse emission
that permeates the Galactic plane (Kaneda 1997; Valinia
& Marshall 1998), the nature of which is still unknown.
Its temperature is too high to allow the confinement of
the emitting plasma by Galactic gravity (Townes 1989);
part of it could be due to thermal emission from supernova
remnants (SNRs), or to the integrated contribution of dis-
crete weak sources (Watson et al. 1981; Zane et al. 1996),
but other emitting processes have been proposed, such as
non—thermal emission from SNRs, inverse Compton scat-
tering by relativistic electrons (Skibo & Ramaty 1993),
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emission lines of non—thermal origin produced during cap-
ture of electrons by accelerated ions (Tatischeff et al.
1998), charge exchange by low energy heavy ions with
neutral gas (Tanaka et al. 1999), non—thermal emission
from the interaction of low energy cosmic ray electrons
with the interstellar medium (Valinia et al. 2000).

The 6.4 keV iron line component is thought to be
due to irradiation of the clouds by hard photons pro-
duced by bright X-ray sources (Koyama et al. 1996a;
Murakami et al. 2000; Murakami et al. 2001), located in-
side or outside the cloud (Fromerth et al. 2001). However,
the line emission seems too intense to be due to repro-
cessing of hard X-rays from any known source (external
to the cloud) in the GC region. A possibility for the il-
luminating source is the GC itself, the putative massive
black-hole Sgr A* (Ghez et al. 1998), during a past phase
of high-energy activity (Koyama et al. 1996a; Churazov
et al. 1996).

We report here on new X-ray observations of three
giant molecular clouds of the GC region: Sgr B, Sgr C
and Sgr D. The data were obtained during a survey of
the GC region performed with the BeppoSAX satellite
in 1997-1998. The results on the population of discrete
bright sources have been reported elsewhere (Sidoli et al.
1999; Sidoli 2000), while those on the diffuse emission from
the Sgr A region can be found in Sidoli & Mereghetti
(1999).

2. Molecular clouds in the Galactic Center region

The interstellar medium (ISM) in the inner 500 pc
of the Galaxy is dominated by molecular gas (Gilisten
1989) mostly contained in giant molecular clouds. These
clouds have peculiar properties, compared to those of the
Galactic Disk clouds: higher turbulence, higher densities
(> 10* cm™3) and higher average kinetic temperatures
(T ~ 70 K, Hiittemeister et al. 1993). High densities
are indeed required against tidal disruption in the grav-
itational potential of the GC region (Giisten & Downes
1980). The high kinetic temperatures are probably pro-
duced by shocks and dissipation of turbulence driven by
the differential Galactic rotation (Wilson et al. 1982).
The ISM in the GC environment has been surveyed in
a large variety of molecules, each tracing gas with different
densities: 12CO (Oka et al. 1998), *CO (Bally et al. 1987;
Heiligman 1987), C'80 (Dahmen et al. 1998), CS (Tsuboi
et al. 1999), NH3 (Morris et al. 1983), HCN (Jackson
et al. 1996), HNCO and CH3CN (Bally et al. 1987), SiO
(Martin-Pintado et al. 1997; Hiittemeister et al. 1998).
These observations reveal that the GC clouds are
mostly distributed at positive Galactic longitudes, display
complex kinematic properties and have typical dimensions
of ~10 pc (see Morris & Serabyn 1996 and Mezger et al.
1996 for the most recent reviews). The main molecular
clouds in the GC region are Sgr B, Sgr D and Sgr C.
Their relative positions are still not well determined and
they are collectively named “the Galactic Center molec-
ular clouds complex”. This complex has also been sur-
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veyed in the radio continuum (e.g. Anantharamaiah et al.
1991; Gray 1994; La Rosa et al. 2000) revealing both ther-
mal and non—thermal emission. The complexity of the ob-
served structures (possibly physically related with these
clouds) is outlined in the following subsections.

2.1. Sagittarius B2

The Sgr B2 GMC is located at a projected distance from
the GC of ~120 pc.

Radio continuum observations reveal that Sgr B2 is
one of the most active star-forming regions in our Galaxy.
It contains about 50 very compact HII regions, each ex-
cited by a newly formed single O/B massive star (see
Gaume et al. 1995 for a complete census of these regions).
The main H1I regions inside the Sgr B2 molecular cloud
are located in the North—South direction. The principal
group of these compact regions is called “Sgr B2 Main
complex” (Sgr B2(M)). Also shell-like and cometary—
shaped H 11 regions are present, maybe due to bow shocks
produced by O/B stars with a strong wind moving super-
sonically through the molecular cloud (Van Buren et al.
1990).

Sgr B2, like all the other molecular clouds, has a non—
uniform distribution of density and temperature. Different
temperature components are present, as well as clumps
with density as high as ng, ~ 105—107 cm™2 and size
smaller than 0.5 pc. The average parameters of the cloud
are: ny, ~ 10° cm™3, diameter ~20 pc, and total mass
M ~ (5-10) x 105 M, (Lis & Goldsmith 1991; Numellin
et al. 2000).

The Sgr B1 Hir region is located South—West of
Sgr B2.

2.2. Sagittarius C

A complex of radio structures is present within a few
arcminutes from the Sgr C GMC. The name Sgr C in-
dicates both a molecular cloud and a shell-like H1I re-
gion, located near the South—West edge of the molecular
cloud and probably physically related to it (Liszt & Spiker
1995). North of this shell a straight non—-thermal filament
is present, running perpendicular to the Galactic plane.
Another radio filament extending parallel to the Galactic
plane seems to start, in projection, from the eastern edge
of the H1I region.

2.3. Sagittarius D

Different molecular and radio continuum components are
present in this region: a GMC marked by the CO molecule
(J = 3—2 emission); a peak in the CS emission (J =
5—4 line); a thermal radio continuum source, the H1l re-
gion G1.13-0.10; the non—thermal shell of the G1.05-0.15
SNR.

Observations carried out in the above mentioned
molecular lines seemed to indicate that the molecular core
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Fig. 1. Upper panels: on the left, radio map (VLA, 90 cm; La Rosa et al. 2000) of the Sgr B region. The composite supernova
remnant G0.9+0.1 is also visible in the upper part of the region. On the right, MECS image in the total band (2-10 keV) of the
same region with the radio contours overlaid. Lower panels: soft (2-5 keV; on the left) and hard MECS images (5-10 keV; on
the right). The bright source in the lower right of all the X-ray images is the low mass X-ray binary 1E1743.1-2843 (Cremonesi
et al. 1999). The smaller circle represents the background extraction region adopted for the Sgr B2 spectral analysis. The larger
circle marks the position of the strongback structure of the MECS detector. All the X-ray images have been smoothed with
a Gaussian with FWHM = 1’. The X-ray contour levels represent 95%, 80% and 60% of the peak intensity. The coordinate

grids are in the J2000 equinox.

traced by CS is physically related to the H1I region, but
not with the molecular cloud traced by the CO line (Lis
1991).

The real location of both the Sgr D H1I region and
the SNR with respect to the GC is still unclear, although
HyCO observations seem to favor the hypothesis that
they are not located at the GC, but beyond it (Lis 1991;
Mehringer et al. 1998).

3. Observations and data analysis

The data analysed here were obtained with the MECS
instrument (Boella et al. 1997). The MECS operates in
the 1.8-10 keV energy range, providing a moderate spatial
(~1" full width at half maximum (FWHM)) and energy
resolution (~8.5% FWHM at 6 keV) over a circular field
of view with a diameter of 56’. The log of observations is
reported in Table 1.

Table 1. BeppoSAX observations summary.

Main Pointing Direction = Observation Exposure
Target I,b Date (ks)
Sgr B2 0.7, —0.04 1997 Sep. 3-4 47.6
Sgr C 359.4, —0.11 1997 Sep. 16 14.3
Sgr D 1.1, —0.14 1997 Sep. 46 45.5

We have not performed a systematic source detection.

In all our spectral analyses, the counts were rebinned
to oversample the FWHM of the energy resolution by a
factor 3 and to have a minimum of 20 net counts per
energy channel, in order to allow use of the x? statistics.

The spectra of the diffuse emission have been corrected
with the effective area values appropriate for extended
sources, generated with the effarea program available in
the SAX Data Analysis System (SAXDAS). It convolves
a flat surface brightness distribution with the energy and
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position dependent vignetting and point spread function.
In case of point—like sources, the standard response ma-
trices, appropriate for the extraction regions, have been
used.

All the spectra have been corrected for a local back-
ground, accumulated from source—free regions of the same
observation. All uncertainties are quoted at 90% confi-
dence level.

All fluxes reported in the following sections have been
measured within 2’ from the peak emission, except in the
case of Sgr Bl and Sgr D, where more complicated ex-
traction regions enclosed by the radio contours have been
considered.

4. Results
4.1. Sagittarius B2

The central part of the MECS (2-10 keV) image pointed
on Sgr B2 is displayed in Fig. 1, together with a radio
map (90 cm) of the same region obtained with the VLA
(La Rosa et al. 2000). In the lower panels of the same fig-
ure, the soft (2-5 keV) and hard (5-10 keV) X-ray images
are shown. A clear excess, correlated with the spatial dis-
tribution of Sgr B2, is present. It is more prominent in the
hard X-ray band, while at softer energies there is evidence
for X—ray emission from Sgr Bl with a net count rate of
(1.71£0.11) x 1072 s7! (2-10 keV).
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Fig. 2. MECS counts spectrum of the Sgr B2 molecular cloud
X-ray emission fitted with a strongly absorbed power-law.
Positive residuals at ~6-7 keV are clearly visible, thus requir-
ing the addition of a Gaussian line to the model.

The peak of the hard X—ray emission from Sgr B2 is at
coordinates RA = 17"47™16°, Dec = —28°23'40” (J2000),
consistent, within the position uncertainties (~1'), with
that reported by Murakami et al. (2000; ASCA, 6.2
6.6 keV). For the spectral analysis we accumulated counts
from a circle with a 2’ radius centered on this position.
The background extraction region is displayed in Fig. 1.
We verified that also with other backgrounds, always ex-
tracted from source-free regions located inside the strong-
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back structure of the detector, the spectral analysis gave
consistent results.

The fit with a single power-law is unacceptable
(x%/d.o.f.=62.2/16; d.o.f. = degrees of freedom). It shows
both a strong emission line in the 6-7 keV region and
a very high absorption at low energy (see Fig. 2). The
addition of a Gaussian line results in the following best
fit parameters: interstellar absorption Ny = (45J_r§g) X
10?2 ¢cm~2, power-law photon index I' = 2.0ﬂ:8, line
energy Fi,e = 6.50 £ 0.07 keV, line equivalent width
EW = (2.01‘%:;) keV, line intensity line = (0.7—1.8)x
10~* photons em~2 s7! (x?/d.o.f.=25.1/13). The 2-
10 keV (or 4-10 keV) observed flux is ~1.8 x
10712 erg em=2 s71. The 2-10 keV flux (corrected for
absorption) is Fx = 6.9 x 107!2 erg cm~2 s~ !, which cor-
responds to an X-ray luminosity L = 5.6 x 1034 erg s~ !,
for a distance of 8.5 kpc. The fit to the spectrum is shown
in Fig. 3. There are some positive residuals at 7.4 keV,
which are probably caused by an inappropriate model-
ing of the continuum and/or of the nearby Fe I edge at
~T7.1 keV. In fact the addition of a second Gaussian line
is not statistically significant.

Although the fit residuals and y? values suggest that
more complex models are probably needed, we performed
the following further fits to the data, to allow a comparison
with the ASCA results (Murakami et al. 2000).

A power-law plus a Gaussian line with fixed Ny
(from 10 to 85 x 10?2 cm™2) resulted in a photon in-
dex ranging from 0.17 to 3.3. The line center was al-
ways found at ~6.5 keV. The line width varied between
o =240 eV and o = 55 eV and its intensity in the range
~(0.9 — 1.7) x 10~* photons ecm~2 s, corresponding re-
spectively to EWs of 1 and 4.5 keV. A fit with a free
column density and fixed photon index I' = 2, resulted in
Nu ~ (40 £ 15) x 10?2 ecm™2, Ejipe = (6.50 & 0.07) keV,
Tiine ~ 1.1 x 10~% photons ecm™2 s~ !, o ~ 150 eV, and an
EW of 2.2 £0.7 keV. The 2-10 keV and 4-10 keV fluxes
corrected for the absorption are 7 x 107'? erg cm=2 s7!
and 4.5 x 107'2 erg cm™? s7!, corresponding to L~
5.7 x10% erg s™! and L ~ 3.7 x 103% erg s~ ! respectively.

These results differ from the ASCA ones in the ab-
sorbing column density (our value is significantly lower)
and in the energy of the line, which is significantly higher
compared to the 90% confidence range of 6.35-6.45 keV
found with ASCA (Murakami et al. 2000).

We tried also a fit with a power-law plus two
Gaussian lines (o fixed at 0), with energies fixed at 6.4
and 6.7 keV. This fit (x?/d.o.f.=24.7/14) gave Ny =
(30f38) x 1022 cm™2 and I = 1.401“%:;(5). The EWs for the
two iron lines, EWs.4 = 6607575 and EWs; = 2707340,
are again significantly different from the Murakami et al.
(2000) results. Indeed they found that the flux contributed
by the 6.7 keV is less than 10% of that from the 6.4 keV
line, and that the profile of the line they observe is re-
produced by the 6.4 keV line alone. This discrepancy can
probably be explained by the choice for the local back-
ground. Murakami et al. (2000) subtracted from the main
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Fig. 3. MECS photon spectrum of the Sgr B2 molecular cloud X-ray emission (left panel) fitted with a strongly absorbed
power-law plus a Gaussian line (see the text for details). The count spectrum is shown in the right panel, together with the

ratio of observed to model counts.

peak also emission coming from the molecular cloud it-
self and from the Sgr B1 region (see their Fig. 1), while
our choice avoids the region overlapping with the radio
contours of both Sgr B2 and Sgr B1.

The final comparison with the ASCA results was per-
formed by extracting the background from the same po-
sition used in Murakami et al. (2000). Using their model,
an absorbed power-law with the photon index fixed at
2 plus a Gaussian line, we obtained the following results:
Nu = (73%32) x 10%2 cm ™2, line energy of 6.5070 05 keV,
EW = 1.967252 keV (x?/d.o.f.=20.1/12). Thus, in this
case, the absorbing column density is compatible with
ASCA results. The energy of the iron line is now com-
patible with the SIS results, but still higher than the GIS
90% confidence range.

We finally tried with another reasonable model for
a molecular cloud emitting X-rays: a high temper-
ature plasma model (MEKAL). The fit is unaccept-
able (x?/d.o.f.=43.8/16), resulting in positive residuals
around 6.3 keV (Ny ~ 6 x 10% ecm™2; kT ~ 4 keV).
The addition of a Gaussian line (y2/d.o.f.=25.2/14) at
6.45 keV (6.30-6.55 keV 90% confidence range) resulted
in an EW of ~1 keV and in a temperature kT > 6 keV
with an absorbing column Ny ~ 4 x 1023 cm™2.

4.2. Sagittarius C

The X-ray and radio images of Sgr C are compared in
Fig. 4. The soft and hard X-ray images (lower panels
of Fig. 4) are quite similar. A North-West to South—
East excess, with three main peaks, is visible in the to-
tal X-ray band. The Northern peak (src 1), located at
RA = 17844™28°% Dec = —29°26/15" (J2000, ~1’ error),
could be associated with a hot spot in the non—thermal
radio filament that ends at the Northern edge of Sgr C
(Fig. 4). The central X—ray peak (src 2) is positionally co-
incident with the Sgr C HiIr region (RA = 17"44™38°,
Dec= —29°27'44" (J2000)), while the South-Eastern
peak (src 3, at RA = 17844™50%, Dec= —29°31'01"
(J2000)) has no counterparts in the VLA radio map.

Their net count rates in the 2-10 keV energy range
are the following: (6.28 £1.67) x 1073 s~ (src 1), (1.06 +
0.18) x 1072 s=1 (src 2, Sgr C H1I region) and (8.94 +
1.75) x 1073 s71 (src 3).

4.3. Sagittarius D

Two well defined and contiguous radio shells are evident
in the VLA observation (La Rosa et al. 2000) of Sgr D
shown in Fig. 5. The Northern shell is the Sgr D H11
region (G1.13-0.10), while the Southern one is the su-
pernova remnant G1.05-0.15. The comparison with the
MECS image shows weak X-ray emission spatially corre-
lated with some parts of the radio shells, in particular with
the Southern rim of the SNR G1.05-0.15 (especially at soft
X-ray energies). The MECS count rate from this diffuse
structure is (5.10 & 0.79) x 1072 s71 (2-10 keV). If this
emission is really associated with G1.05-0.15, this is the
first detection of this SNR at X-rays. We note that the
emission is statistically significant, but its curved shape
is probably an instrumental artifact due to partial ab-
sorption caused by the support structure of the detector
window, a circular rib (marked by the big circle in Fig. 5)
located at ~10’ from the center of the MECS field of view.

Low surface brightness X-ray emission is also present

in the direction of the Sgr D H 11 region, with a net count
rate of (8.1 £1.1) x 1073 s7! (2-10 keV).

4.3.1. A new source: SAX J1748.2-2808

A point-like X—ray source, without any radio counterpart
at 90 cm (see Fig. 5), is visible (particularly in the 5-
10 keV image) at RA = 17"48™16°%, Dec = —28°08'13"
(J2000, ~1" error). This newly discovered source, that we
designate SAX J1748.2-2808, has a rather hard and/or
strongly absorbed spectrum. The extraction of counts
within 2’ from its position yields a net count rate in the 2—
10 keV range of 4.84 & 0.66 x 1073 s~1. A strong iron line
appears to be present in the spectrum of SAX J1748.2—
2808. The fit with a power-law plus a Gaussian line led
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Fig. 4. Upper panels: on the left, radio map (VLA, 90 cm; La Rosa et al. 2000) of the Sgr C region. The central blob of radio
emission is the Sgr C H 11 region, while the straight structure is a non-thermal filament running perpendicular to the Galactic
plane. On the right, the same region of the sky, imaged with the MECS (2-10 keV) instrument. The radio contours are overlaid
for comparison. Lower panels: soft (2-5 keV; on the left) and hard MECS images (5-10 keV; on the right). All the X-ray images
have been smoothed with a Gaussian with FWHM = 1’. The X-ray contour levels represent 95%, 80% and 60% of the peak

intensity. The coordinate grids are in the J2000 equinox.

to the following best fit parameters (x?/d.o.f. = 3.4/5):
Ng = (12715) x 102 em™2, T = 1971, Fine =
6.62 + 0.30 keV, EW = 1.2%39 keV. The 2-10 keV
flux corrected for the absorption is Fx = 1.28(74:%%) x
107'2 erg ecm™2 s7!, corresponding to a 2-10 keV lumi-
nosity L = 103* erg s~! (assuming d = 8.5 kpc). Taking
into account the uncertainty introduced by the poorly con-
strained spectral parameters, the source luminosity with
this model can range from 6 x 1033 to 2.4 x 103* erg s~!

(at 8.5 kpc).

An equally good fit (x?/d.of. = 4.9/7) was ob-
tained with a thermal equilibrium plasma model (MEKAL
in XSPEC) with solar abundance, with the following re-
sults: Ny = (1373%) x 1022 ecm=2, kT = 5.873° keV,
Fx ~ 1.36 x 1072 erg cm™2 s~!. The emission measure
derived from the normalization of the MEKAL model is
n2V ~ 1.3 x 10°7d?, cm~3, where n, is the electron den-
sity, V' the emitting volume and dip the source distance
in units of 10 kpc. The photon spectrum is displayed in

Fig. 6. The absorbing column density in this model trans-
lates into an optical extinction Ay > 34 mag, with a pre-
ferred value of Ay = 73 mag (Predehl & Schmitt 1995).

Acceptable fits were also obtained with black-
body (x?/d.of. = 4.0/5) or bremsstrahlung models
(x2/d.o.f. = 3.5/5) with the addition of a Gaussian line
at ~6.6 keV. In conclusion, the poor statistics does not al-
low us to discriminate between thermal and non—thermal
models for the X-ray emission from SAX J1748.2-2808,
even if the presence of an iron line at 6.6 keV favors the
thermal hypothesis.

SAX J1748.2-2808 has also been serendipitously de-
tected at large off-axis angle during a MECS observa-
tion of the composite SNR G0.9+0.1 (Mereghetti et al.
1998; Sidoli et al. 2000), performed on 1999 August 25—
27. Using this observation (net exposure time of 78.5 ks),
we derived for SAX J1748.2-2808 a net count rate of
(5.1 £ 0.4) x 1073 s7! (2-10 keV, corrected for the vi-
gnetting). This is compatible with the count rate obtained
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Fig. 6. Observed MECS photon spectrum of SAX J1748.2—
2808, together with a MEKAL fit (histogram).

during the Sgr D observation, carried out two years ear-
lier. Thus, SAX J1748.2-2808 does not show evidence for
long—term variability. The large off-axis angle prevented us

from performing a detailed spectral analysis. All we can
say is that, using a power-law plus a Gaussian model and
fixing the column density and the power-law index to the
best fit results reported above, the 90% confidence ranges
for the iron line centroid and the EW are: 6.2-7.7 keV
and 0.04-1.3 keV. Thus, the iron line emission does not
show evidence for variability between the two observations
either.

A search in the ASCA public archive resulted in only
one observation of the SAX J1748.2-2808 field, performed
on 1996 September 19, with an exposure time of ~22.3 ks.
No source can be detected at the SAX J1748.2-2808 po-
sition, with a 30 upper limit of 1.34 x 1072 s~ (GIS;
corrected for the vignetting). This translates into an un-
absorbed flux, Fx, of 2.22x 10712 erg cm 2 s~1 (power-law
best-fit model; 2-10 keV), a factor of 1.7 larger than our
MECS detection, and thus still compatible with the lack
of the long-term variability.

5. Discussion

During the observations of three fields centered on giant
molecular clouds in the GC region, we detected X-ray
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Fig. 7. Optical (red band) image of the uncertainty region of
SAX J1748.2-2808. The data are from the “Second Epoch
Survey of the Southern Sky” made by the Anglo—Australian
Observatory with the UK Schmidt Telescope and provided
by the ESO Online Digitized Sky. The large circle marks the
MECS error box (1’ radius), the center of which is indicated by
the square. The numbers 1, 2 and 3 indicate the three nearest
catalogued stars (0!255, 0262 and 0330 offset from the X-ray
source, respectively). They have the following R and B mag-
nitudes: 16.5 and 18.9 (star No. 1), 17.4 and 20.3 (star No. 2),
17.4 and 20.1 (star No. 3). Numbers 4 and 5 mark the two
brightest (in R magnitude) stars inside the X-ray error box;
they have R and B magnitudes of 15.2 and 17.2 (star No. 4),
15.3 and 18.0 (star No. 5).

emission from several sources of different kind, both diffuse
and point-like. None of them have ROSAT X-ray coun-
terparts (Sidoli et al. 2001).

5.1. A newly discovered point-like source:
SAX J1748.2-2808

The optical image of the position of SAX J1748.2—
2808, derived from the digitized sky survey provided by
ESO/ST-ECF Science Archive is shown in Fig. 7. Eighteen
catalogued stars, with R magnitude in the range 15.2-17.4
(and B ~ 17.2—20.4), are located inside the X-ray error
circle of SAX J1748.2-2808 (1’ radius). The derived opti-
cal to X—ray flux ratio log(fx/fopt) is always > —1, thus
making an association of SAX J1748.2-2808 with one of
these stars unlikely (Maccacaro et al. 1988).

A search in the SIMBAD database resulted in two pos-
sible counterparts: the infrared source IRAS 17450-2807
and the SiO maser source SiO 17450-2808 (10" off-set
from the IRAS source), first reported as “object num-
ber 6” in the catalogue of SiO maser sources by Shiki et al.
(1997). Masers of stellar origin can be excited by radia-
tive or collisional pumping in the outer atmosphere of red
(super)giants (Matsuura et al. 2000), around Asymptotic
Giant Branch (AGB) stars with large mass loss (Desmurs
et al. 2000), or around young stellar objects, where the
outflow of material interacts with the surrounding medium
(Shepherd & Kurtz 1999).
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The SiO maser radial velocity Vigr of +101.2 km s~!
is appropriate for a source located in the GC region, thus
suggesting a possible association with the Sgr B2 molec-
ular cloud (Shiki et al. 1997). The colors of the infrared
source TRAS 17450-2807 make it a likely young stellar
object, even if the possibility of a late-type star cannot
be completely excluded (Shiki et al. 1997). The IRAS
source variability suggests that it could be a Mira—type
variable star. A search in the literature resulted in a fur-
ther maser source coincident (within the positional uncer-
tainties) with SAX J1748.2-2808: a 1667 MHz OH maser
source (named “E” in Mehringer et al. 1998) with a ve-
locity of Vi,sr=+75 km s~1. Mehringer et al. (1998) favor
the hypothesis that the maser source is associated with
an evolved star since it is not spatially correlated with
any known HII region. We note that the relatively large
uncertainties in their coordinates are consistent with the
possibility that these four sources (SiO and OH masers,
IRAS source and SAX J1748.2-2808) are the same object.

If the association with the SiO maser source is real,
this places the X-ray source at the same approximate dis-
tance as the Galactic center, and thus it will have an X—
ray luminosity of approx. 1034 erg s~!, with an appar-
ently quiescent emission and a rather high temperature
of approx. 6 keV. Young stellar objects, and in particular
protostars, indeed often have high coronal temperatures,
of > 5 keV, even in their non-flaring emission (e.g. as re-
ported by Ozawa et al. 1999 for protostars in Orion), and
thus the hypothesis of it being a single protostar would
be compatible with the observed spectrum. However, the
X-ray luminosity is, specially for a non-flaring source, too
high for an individual protostar. While quiescent coronal
emission has only been observed in a limited number of
protostars, the observed X-ray luminosities seems to be
correlated with their mass (see Feigelson & Montmerle
1999), with luminosities limited to few times 103! erg s~!
(e.g. Ozawa et al. 1999) at the “low-mass” end (i.e. around
a solar mass) ranging to up to > 1032 erg s=! for more
massive protostars (e.g. Nakano et al. 2000).

The X-ray luminosity of SAX J1748.2—2808 is there-
fore higher than the one of protostars observed up to now.
If it indeed the emission is protostellar in origin, the two
possibilities are that either it is a protostar more massive
than observed up to now in the X-rays, and thus more
luminous (assuming that the mass-luminosity correlation
extends to higher masses than observed thus far) or that
the emission is the result of the superposition of a num-
ber (10 or so) high-mass protostars of the type observed
by Nakano et al. (2000) in NGC 2264 and which form a
compact (and unresolved) cluster. The second hypothesis
would be compatible with the observed lack of temporal
variability, with the flaring behavior of individual sources
likely time-averaged in the ensemble to yield a smooth
light curve.

The other possibility is that SAX J1748.2—2808 is the
X-ray emission from a giant molecular cloud core (or com-
pact H1I region). Emission from H1I region cores has been
observed with characteristics very similar to the ones of
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SAX J1748.2—2808. For example, Hofner et al. (1997)
have observed, with ASCA, the core of the W3 region
complex, finding a compact (barely resolved) source with
an X-ray luminosity of ~2 x 1033 erg s~!. The spectrum
shows a visible Fe K line, and it is compatible with being
due to thermal emission from a plasma with a tempera-
ture of ~6 keV. In addition to the possibility of emission
from a collection of protostars, Hofner et al. (1997) dis-
cuss the possibility that the X-ray emission comes from
the hot, wind-shocked cavity which is produced by the in-
teraction of the strong stellar wind coming from the more
massive stars and the surrounding dense molecular gas.
The observed temperature requires wind speeds of about
2000 km s~1, compatible with the wind speeds from mas-
sive stars, and the observed X-ray luminosity is compati-
ble with the expected cavity size. This model would thus
well explain the emission from SAX J1748.2—2808, and
would naturally result in a constant X-ray emission with
no flaring activity (as would be common for a protostel-
lar source). More recently, molecular cores with similar
X-ray emission, both in terms of temperature and lumi-
nosity, have been observed with ASCA in the NGC 6334
giant molecular cloud (Sekimoto et al. 2000).

If indeed the emission from SAX J1748.2—2808 is due
to a shocked molecular core cavity, the strong Fe K line ob-
served is apparently more intense than observed in e.g. the
W3 core. This could have an impact on the expected con-
tribution of the emission from molecular cores on the ob-
served Fe K line emission in the Galactic ridge (Yamauchi
& Koyama 1993). On the basis of the relatively weak Fe K
emission observed in the W3 core Hofner et al. (1997)
consider that the contribution of molecular cores to the
total Fe K ridge emission is likely to not exceed ~2% of
the total. If however the observed stronger Fe K line of
SAX J1748.2—2808 is indeed representative of such cores,
a significant fraction of the total Fe K ridge emission could
effectively be due to them.

We have inspected the maps of the GC region in
different molecular lines (e.g., Tsuboi et al. 1999), to
look for possible spatial correlation with the position
of SAX J1748.2—2808, without finding any convincing
association.

Another possibility is that of a nearby stellar object
with a strong intrinsic absorption (Ng ~ 10%* cm™2, that
is common among protostars). However this, if the asso-
ciation with the maser sources is real, is in contrast with
their high velocity that favors an object located in the GC
region.

The X-ray luminosity of SAX J1748.2-2808 (if the as-
sumed distance, also indicated by the high interstellar ab-
sorption, is correct) makes an association with an X-ray
binary also possible, although the intense iron line emis-
sion is unusual for Low Mass X-ray Binaries, where the
EW is <200 eV, independent from the source luminosity
(see e.g. Asai et al. 2000). A different possibility could be
a High Mass X-ray Binary (HMXB). A large fraction of
HMXBs are accreting pulsars (e.g. van Paradijs 1995). In
these systems rather large and highly variable EW's (up to
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1.8 keV) for the fluorescent Fe K line have been observed
(e.g. GX301-2, Leahy et al. 1989). However, flux modula-
tions on the spin and orbital period should be detected as
well. Although a spin modulation cannot be ruled out due
to the poor statistics, the absence of long-term flux vari-
ability does not favor the possibility that SAX J1748.2—
2808 is an X-ray pulsar. However, the huge interstellar
absorption (>34 mag) prevent us from excluding the pres-
ence of a high mass companion star.

The possibility that SAX J1748.2-2808 is a cata-
clysmic variable should also be considered. X-ray emission
from white dwarves can usually be fitted with thermal
bremsstrahlung models with temperatures in the range
1-5 keV (Cordova 1995), but also harder spectra are ob-
served (Yoshida et al. 1992). They have luminosity up to
1033 erg s~! and K, iron lines. Both the energy of the Fe
line and the temperature of the spectrum match this hy-
pothesis. The observed flux would in this case indicate a
distance of only 3 kpc, which is difficult to reconcile with
the high absorption.

The possible association with a background AGN is
also unlikely, due to the large EW of the iron line (typical
ranges for Fe K lines EW's are 100-500 eV see e.g. Nandra
2000).

In order to explore the possibility of its association
with the Sgr D SNR, we calculated the lower limit i avel
to the time required by the neutron star to travel from
the center of Sgr D SNR to its present position, about
5-6" away. This can be expressed by tiravel = 1.4 X 10% x
(d1o/v2) yr, where djg is the source distance expressed in
units of 10 kpc, and v is the neutron star velocity, in units
of 100 km s~!. We can compare this time with the age
tshen Of the Sgr D SNR as derived from a Sedov solution,
using the dimensions of the radio shell (radius of about 4—
5"). In this framework, tshen = 11000 X (nISM/E51)1/2 X
(d10)5/2 yr (using a 5’ shell radius), where nigy is the in-
terstellar medium density in units of cm™3, and Fjs; is the
energy of the supernova explosion, in units of 10°! erg.
If we reasonably assume dig = 1, v = 1, nism/Es1 = 1,
then we get tiravel = 1.4x 10° yr for the neutron star travel
time, and about tshenn = 11000 yr for the adiabatic expan-
sion of the SNR shell, an order of magnitude difference.
Alternatively, equating these two times (ftravel ~ tshell),
and assuming the Galactic Center distance and F5; = 1,
we need a very high velocity for the neutron star (veloc-
ity = 1400 km s~!; assuming nisy = 1) or a high density
environment (nigp = 200, assuming vy = 1), or, more
realistically, vy in the range 2-4 (200-400 km s—!) and
nism ~ 15—50 cm™3. Thus, a physical connection with
Sgr D SNR is a possibility, but up to now no isolated
neutron stars have been observed to show such an intense
Fe K line emission. The observability of X-ray emission
lines from the surface of magnetized neutron stars seems
indeed to be unlikely (Yahel 1982).

In conclusion, we favor the hypothesis that the
SAX J1748.2-2808 X-ray emission is produced by proto-
stars (a collection of them or a single high luminosity ob-
ject) located at the GC distance, or by a giant molecular
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cloud core (or compact H11 region) shocked by the strong
stellar wind coming from the more massive stars.

5.2. X—ray emission from molecular clouds

Molecular clouds can emit X-rays in different ways.
In several cases the emission is produced in the star-
forming regions naturally located inside the clouds. Pre—
main sequence stars are strong X-ray emitters (up to
1030-103! erg s7!) with a large variety of behaviors,
showing both persistent thermal emission and hard flares
(e.g. Koyama et al. 1996b). The Ginga satellite provided
the first evidence that pre-main sequence stars emit X—
rays above 4 keV. Observing the p Ophiuchi cloud star-
forming region, rich in T Tauri stars and embedded in-
frared sources, Koyama et al. (1992) obtained a best fit
spectrum with a thermal plasma model with kT ~ 4.1 keV
and an emission line from He-like iron at 6.6 keV. The
ASCA satellite revealed that T Tauri stars, and embed-
ded infrared sources with no optical counterparts, can emit
X-rays also above 8 keV, with luminosities ranging from
1022 erg s—! to 103! erg s~! (reaching 1032 erg s~! during
flares). These observations also confirmed the important
fact that hard X-ray emission can be produced by pre—
main sequence stars not only during flares (Koyama et al.
1994).

In the previous section we discussed the nature of a
newly discovered X-ray source, finding that its association
with several young stellar objects is a likely possibility. It
is possible that also the emission from the molecular core
of Sgr B2 might be due to several (5-6) objects of the
same kind of SAX J1748.2-2808.

Another possibility is the emission from old isolated
neutron stars (ONS) accreting from the dense ISM in-
side the molecular cloud (see e.g., Treves et al. 2000).
The possibility that the integrated luminosity from many
ONSs might be, at least in part, responsible for the dif-
fuse X-ray emission from the GC region was first sug-
gested by Zane et al. (1996; see also Pfahl & Rappaport
2000 for a recent investigation of X—ray emission from ac-
creting ONSs in globular clusters). Here we follow their
approach in evaluating the expected flux produced by ac-
crecting ONSs inside the Sgr B2 cloud. The X-ray lumi-
nosity contributed by a single ONS depends on the density
Ncloud Of the molecular cloud and on the relative velocity
v of the neutron star with respect to the accreting mat-
ter: Lons ~ 0.7 x 1033 (ncioua/10%) (v/100)=3 erg s=1.
We assume that the spatial and velocity distributions of
ONSs follow that of low-mass stars near the GC: nong ~
4 x 103 r=18 pe™3 and f(v) oc (v¥/03) exp —(3v?/202),
where r is the distance from the GC, and o, is the ve-
locity dispersion. The monochromatic flux is given by
Fl/ ~ Vcloud TLOstf(’U)(LV/élW DZ)AV d’U, where V::loud
is the cloud volume, A, the interstellar absorption and
L, the monochromatic luminosity of the single source.
The latter is taken to coincide with that produced by
a blackbody emitter at the star effective temperature,
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Tug ~ 3(Lons/1033)1/4f=1/4 keV, where f is the frac-
tion of the star surface covered by accretion. For the
relevant values of the parameters, ncioua ~ 10° cm™3,
oy ~ 75 km s7!, cloud radius ~ 10 pc, the spectrum
peaks around ~ 5 keV, assuming f = 0.01, with a total
flux of about 4x 10712 erg cm™2 s~ 1, close to the observed
one. Larger values of f result in softer spectra which are
much more severely absorbed (Ng ~ 10%* ¢cm™2 in the
present case) and fail to produce the observed flux. The
total number of ONSs in the cloud is ~200, and the typ-
ical luminosity for a single source is ~2 x 10%* erg s1
which gives an absorbed flux of ~2 x 107 erg cm=2 s~ 1.
Despite the very large ISM density the Thomson depth
within the cloud is 7r < 1, so the emission does not
come from a photospheric region. The presence of a large
number of discrete sources of hard photons is not in con-
trast with the finding that most of the interstellar gas
is neutral. The Stromgren radius, in fact, is given by
Rg ~ 3 % 1015(ncloud/104)_5/12(’0/100)_3/4](.1/12 cm (see
Blaes et al. 1995 for a thorough discussion), much smaller
than the average ONS separation, ~n611\1/83 ~ 10" cm.
Molecular clouds can also be the site of reprocess-
ing, scattering and reflection of hard photons from X-—
ray sources located inside or outside the clouds them-
selves. The strong X-ray emission in the 6.4 keV line
from Sgr B2 has been explained by Koyama et al. (1996a)
and by Sunyaev & Churazov (1996) with the reflection
of hard X-rays coming from the GC during a past out-
burst from Sgr A*. Also our data require the addition of
a 6.4 keV line to better fit the spectrum from Sgr B2,
but we cannot claim the prevalence of the 6.4 keV flu-
orescent line with respect to the 6.7 keV iron line as
in Murakami et al. (2000). It is interesting to note that
X-ray emission from ONSs might have the right proper-
ties to explain the observed fluorescent iron line. If the
source of hard photons is embedded in the cloud, the lu-
minosity required to produce the flux in 6.4 keV line re-
ported by Koyama et al. (1996), Fs4 ~ 1.7 x 10~* pho-
tons cm™2 s71, is given by Lg ~ 10%¢ (0.1/7r) erg s7!,
where Lg is the source luminosity at 8 keV in the 8-keV-
wide energy band (Sunyaev & Churazov 1998). Accreting
ONSs emit ~1.5x 103 erg s~!, about 10% of the their to-
tal (unabsorbed) luminosity, in the same band. Since the
Thomson depth in Sgr B2 is ~0.7, this is in gross agree-
ment with the required value, taking into account that the
cloud material absorbs up to ~50-60% of the radiation at
those energies. Emission of continuum photons inside the
cloud together with the derived value of the scattering
depth also provides an estimate of the 6.4 keV line equiv-
alent width, EW ~ 7p ~ 0.7 keV (see again Sunyaev &
Churazov 1998), which is close to the observed one.

6. Conclusions

The BeppoSAX survey of the Giant Molecular Clouds
Sgr B, Sgr C and Sgr D in the GC region has allowed
the detection of diffuse X-ray emission from several ra-
dio sources, and the discovery of an unresolved source,
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SAX J1748.2-2808, probably associated to a group of
young stellar objects also observed as an IRAS and maser
source, or to a wind-shocked giant molecular core.

Sgr B2 is the strongest diffuse X—ray source. Our spec-
tral results are slightly different from those previously re-
ported by Koyama et al. (1996a). This can probably be
ascribed to the different spatial and spectral resolution of
the instruments, as well as to the differences in the back-
ground subtraction. We also provide an alternative expla-
nation for the X-ray emission from the Sgr B2 molecular
cloud, in terms of accretion of the dense molecular cloud
matter on the surface of old isolated neutron stars. This
scenario can explain the observed luminosity from Sgr B2,
as well as the 6.4 keV iron line emission, if the accretion
takes place on a small fraction of the neutron stars sur-
face, suggesting the presence of a non negligible magnetic
field in old neutron stars.

We detected X-rays also from the H1I regions in Sgr D
and Sgr C, and from part of the non—thermal radio fila-
ment in the Sgr C. Unfortunately, a detailed spectral study
of these features is not possible with the limited statistics
of the present data. All we can say is that the emission spa-
tially correlated with the radio structures is more promi-
nent in the soft band below 5 keV. The X-rays from H11
regions could be explained as the integrated emission from
many protostars embedded in these star-forming regions.

Finally, we detected emission spatially correlated with
the Southern rim of the SNR G1.05-0.15 in Sgr D. If con-
firmed, this is the first detection in the X-ray range for
this SNR.
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