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ABSTRACT
We report a multiwavelength analysis of an unusual high-energy transient : EXS 1737.9[2952. Due to

the features this source exhibited in the hard X-ray domain similar to another source in the Galactic
center region (1E1740.9[ 2952), and in order to study the molecular gas toward this X-ray source, we
performed an observation of the EXS region in 1993 August, using the Swedish-ESO Submillimeter Tele-
scope (SEST) located in La Silla (Chilean Andes). We observed a cloud, at the ““ forbidden ÏÏ velocity of
135 km s~1, using 12CO (1È0) transitions, giving a maximum column density of 8 ] 1021 cm~2. In 1994
we conducted other observations to search for higher density regions inside the cloud, using HCO] and
CS lines, but they were unsuccessful : we concluded that the cloud could be associated with the X-ray
source and its mean density is of the order of B103 cm~3. In 1994 April, we performed a set of obser-
vations of the Ðeld containing EXS, at 20 cm and 6 cm, using the VLA in its A conÐguration, and found
four possible radio candidates for an association with the EXS X-ray source, one of them (source 3)
being extended, exhibiting a head-tail morphology, and a having a thermal spectrum with a spectral
indexB [0.7. We reproduced our observation in 1994 November and December, using the C conÐgu-
ration at 6 cm, in order to investigate on possible variability and extension of these sources and found a
marginal indication in the 20 cm image that source 3 may have a weak second component displaced
about 15A. Nevertheless, this indication is too faint to associate this source deÐnitely with EXS since no
signiÐcant variation was detected. In addition, during the 1994 NovemberÈDecember observation, two
more extended sources were detected but their association with EXS is unlikely.

We also analyzed the Einstein/IPC image of the 5 p EXS error box which does not exhibit, at the time
of the observation, any signiÐcant low-energy X-ray counterpart to EXS. A nearby pulsar PSR 1737[30
in the ROSAT catalog is outside this error box. Finally, IRAS maps of the EXS region do not show any
IR contribution at the location of the radio sources. We conclude that (1) EXS 1737.9[2952 is a high-
energy transient, (2) a persistent counterpart at other wavelengths is not demonstrated, and (3) EXS,
when Ñaring, as well as other GC gamma-ray sources, could possibly contribute to the 511 keV bulge
emission.
Subject headings : black hole physics È Galaxy : center È gamma rays : theory È ISM: molecules

1. INTRODUCTION

The Galactic center (GC) has been observed in hard
X-rays and soft gamma rays many times over the past two
decades, but we still do not have a comprehensive picture of
the physical processes involved and the various emission
mechanisms observed in this region.

It is fairly well established that the narrow GC 511 keV
annihilation line originates from a steady di†use emission
coming mainly from SN IÏs, and very recently it has been
proposed et al. that the distribution consists(Purcell 1996)
in a three-component model : a Galactic disk, a nuclear
bulge, and an extended halo. This third component, con-
taining about 80% of the di†use 511 keV Ñux, is required to
explain observations by large Ðeld-of-view instruments,
mainly SMM, GRIS, and Hexagone. Moreover, OSSE 511
keV measurements et al. show a signiÐcant(Purcell 1996)
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o†set from 1 \ 0¡, with a centroid consistent with 1E
1740.7[2942 (hereafter 1E). Fainter sources in the GC
region, emitting positrons which annihilate, as 1E, in nearby
clouds & Leventhal et al. could(Bally 1991 ; Mirabel 1991)
exist and also contribute to the 511 keV distribution

et al. All these considerations could lead(Wallyn 1996).
either to a number of faint sources, occasionally Ñaring,
possibly emitting a narrow line at the annihilation energy,
but most of the time undetectable considering the sensiti-
vities of the present instruments. A number of such can-
didates have been observed in X-rays by Granat-SIGMA
over the past 3 years (GRS 1758[258, GX 5[1,
GRS 1741[2851, GX 1]4, A1742[294, Terzan 2, etc.).
Moreover, some of them could be black holes, fed either by
a companion or a nearby dense cloud. It has been shown

& Sunyaev that instabilities in the accretion(Shakura 1973)
onto a compact object can increase the accretion rate, and
the innermost part of the disk can reach relativistic tem-
peratures, making pair plasma creation possible. An alter-
native mechanism to explain the creation of positrons is the
upscattering of soft X-ray photons (created in the accretion
disk) by hot electrons, leading to gamma-rays which inter-
act via c-c reactions and produce a pair plasma. A small
fraction of these positrons can escape from the disk (Liang

and annihilate in the interstellar medium (ISM). In1991)
the case of 1E, et al. have shown that theZdziarski (1994)
annihilation could take place in the jets.
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FIG. 1a FIG. 1b

FIG. 1.È(a) Narrowband image (83È111 keV) of the Galactic center region showing º5.5 p detection of EXS 1737.9[2952 et al.(Grindlay 1993).
(b) Spectrum of the possible transient EXS 1739.9[2952 showing detection at both B100 keV and soft (B20È30 keV) X-rays.

FIG. 2.ÈSpectrum of the Galactic center region including EXS, mea-
sured by HEXAGONE on 1989 May 22. Solid line indicates the power law
that gives the best Ðt to the 20È120 keV data. This is extended to higher
energies as the short dashed line. The spectrum above 120 keV clearly lies
well above this.

In 1989 May, the Harvard Center for Astrophysics
imaging balloon X-ray telescope (Exite) was Ñown from
Alice Springs (Australia) and observed the GC region for
about 2 hours. Two sources were detected : 1E and a new
source EXS 1737.9[2952 (EXS hereafter), 40@ from 1E,
which exhibited an excess in the 83È111 keV energy band
(Figs. and interpreted as 102 keV double-scattered1a 1b),
annihilation photons Covault, & Manandhar(Grindlay,

A few days later, a US/French balloon experiment,1993).
Hexagone, with no imaging capabilities, but using high-
energy resolution semiconductor detectors, measured a
narrow annihilation line and a 170 keV feature (Fig. 2)
superimposed on the continuum spectrum in its 20¡
FWHM Ðeld of view et al. attributed to(Matteson 1993),
511 keV backscattered annihilation photons (Lingenfelter
& Hua & Durouchoux have pointed1991). Wallyn (1994)
out a possible correlation between the 102 and 170 keV
lines, which could originate from the same source (EXS?).

We present in a radio observation of the EXS region° 2
at 20 cm and 6 cm in order to search for a radio counterpart
and possible radio structures, as seen in 1E and GRS
1758[258 sources. In we show the results of a search° 3,
for a molecular cloud in the line of sight of EXS, using CO,
13CO, HCO`, and CS radio lines. In we analyze Ein-° 4,
stein and IRAS maps of the EXS region in order to search
for a possible counterpart in low-energy X-rays and far-IR,
respectively. Finally, we discuss the results and present a
summary of this study in ° 5.

2. VLA OBSERVATIONS OF EXS 1737.9[2952

The Ðrst set of observations of the Ðeld containing EXS
1737.9[2952 was made 1994 April 3 and 8, using the VLA
in its A conÐguration, which has maximum baselines up to
35 km. On both days, observations were made in the 20 and
6 cm bands. The pointing center for all the observations was

and The Ðeld of viewa1950 \ 17h37m52s d1950\ [29¡52@.



FIG. 3.È20 cm image of the region containing X-ray source EXS 1737.9[2952 from 1994 April observations. The central position of the X-ray source is
marked with a plus sign. The positional error radius of the X-ray source is 10@. The contours are [0.6, [0.3, 0.3, 0.6, 1.2, 1.5, 2.25, 3, 6, 9, and 12 mJy beam~1.
Sources 1, 2, 3, and 4 are clockwise starting from the strongest source located toward the east (source labeled 1 on the Ðgure).

TABLE 1

VLA OBSERVATIONS

Image Duration Flux Density Synthesized Beam RMS
(cm) Date (hr) (Jy beam~1) (arcsec) (deg) (mJ beam~1)

20 . . . . . . 1994 Apr 4 1.25 (0.007) 3.39 ] 1.59 4.65 77
1.20 (0.007)

6 . . . . . . . 1994 Apr 4 0.486 (0.002) 1.40 ] 1.10 53.0 23
0.489 (0.002)

6 . . . . . . . 1994 Nov 3 0.473 (0.001) 8.60 ] 5.05 14.5 32
0.476 (0.001)

6 . . . . . . . 1994 Dec 4 0.466 (0.001) 8.25 ] 5.07 16.0 29
0.471 (0.001)

NOTE.ÈNumbers in parentheses are 1 p formal errors. The two Ñux densities for each observation
correspond to the two center frequencies within each band as mentioned in the text.

TABLE 2

PARAMETERS OF SOURCES IN FIGURES 3 AND 5

TOTAL FLUX DENSITY (mJy)
COORDINATES POSITION

(1994 Apr) (1994 Apr) (1994 Nov) (1994 Dec) EXTENSION ANGLE SPECTRAL

SOURCE R.A. (1950) Decl. (1950) 20 cm 6 cm 6 cm 6 cm (arcsec) (deg) INDEX

1 . . . . . . . 17 38 15.102 [29 53 02.12 43.0(0.51) 17.8(0.34) 15.4(0.08) 17.8(0.14) 1.1] 1.0 116 [0.71
2 . . . . . . . 17 37 56.335 [29 51 27.80 3.1(0.08) 1.0(0.02) 0.81(0.04) 0.97(0.05) 1.1] 1.0 133 [0.91
3 . . . . . . . 17 37 41.334 [29 53 37.22 6.3(0.1) 2.7 2.60(0.09) 2.90(0.11) 7.6] 5.8 67.5 [0.68
4 . . . . . . . 17 37 47.877 [29 55 34.45 13.90(0.30) 5.10(0.06) 4.60(0.08) 4.90(0.10) 1.0] 1.0 [7.7 [0.81
5 . . . . . . . 17 37 49.118 [29 51 07.50 . . . . . . 2.7 2.7 31 ] 23 87 . . .
6 . . . . . . . 17 37 43.471 [29 49 10.48 . . . . . . 0.73 0.76 17.3 ] 11.6 79 . . .

NOTE.ÈNumbers in the parentheses are 1 p formal errors.
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FIG. 4a

FIG. 4.ÈMagniÐed images at 20 cm (a) and 6 cm (b) of the region containing source 3 from the 1994 April observations. The 6 cm image has been
convolved to the same resolution as that of the 20 cm image. The contours in the 20 cm image (a) are at [0.075, 0.075, 0.15, 0.225, 0.3, 0.4, 0.5, and 0.6 mJy
beam~1. The gray-scale Ñux density range is from 30 to 800 kJy beam~1. The contours in the 6 cm image (b) are at [0.1, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, and
0.45 mJy beam~1. The gray-scale Ñux density range is from 50 to 500 kJy beam~1.

of the VLA antennas are 30@ at 20 cm and 9@ at 6 cm in the A
conÐguration. The largest angular scale structures ““ visible ÏÏ
to the array in the A conÐguration are B38A at 20 cm and
B10A at 6 cm. Data were taken in the spectral line mode
with 50 MHz bandwidth and three spectral channels. In
both bands, data were acquired in dual polarization mode
and at two frequencies : 1365 and 1435 MHz in the 20 cm
band and 4835 MHz in the 6 cm band. Total integration
time, including both days of observations, was approx-
imately 4 hr in each band. The Ñux density scale was set by
using the primary calibrators 3C 48 and 3C 286, and the
instrumental gain variations were corrected using inter-
spersed observations of the secondary calibrator
1748[253. The data were processed using the Astronomi-

cal Image Processing System developed by the NRAO.
Separate CLEANed images covering the entire Ðeld of view
were constructed from observations on each day. In both
the bands, four sources were detected in the vicinity of the
gamma-ray source EXS 1737.9[2952. The images from the
two days were then averaged since no signiÐcant di†erence
was seen either in the structure or in the Ñux density of the
four sources detected in the two images. The rms noise in
the Ðnal images are 77 kJy beam~1 at 20 cm and 23 kJy
beam~1 at 6 cm. Some relevant parameters of the obser-
vations are given in Table 1.

The positions, Ñux densities, spectral indices, and angular
sizes of the four detected sources (labeled 1 to 4) are given in

All the four sources are within the positional errorTable 2.
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FIG. 4b

radius (10@) of EXS 1737.9[2952. gives the loca-Figure 3
tion of the four sources and that of EXS 1737.9[2952.
Sources 1, 2, and 4 are barely resolved in both 6 and 20 cm
images, their angular sizes being B1A. These three sources
have a nonthermal, spectrum with a spectral index
B [0.85 between 20 and 6 cm. For these small diameter
sources spectral index measurements using images with dif-
ferent resolutions are reasonably accurate. Source 3 is
extended, has indications of having a head-tail morphology,
and has a spectral index of [0.7. Figures and give the4a 4b
magniÐed images of this source at 20 cm and 6 cm, respec-
tively. There is a marginal indication in the 20 cm image
that source 3 may have a weak second component displaced
about 15A northeast.

In analogy with 1E 1740.7[2942 et al. or(Mirabel 1991)
GRS 1758[258 Mirabel, & Mark we(Rodriguez, 1992),
could look for a source with the morphology of a radio
galaxy with a variable central source and radio lobes. On

the basis of the observed morphology, Ñux density, or spec-
tral index, it is not possible to Ðrmly associate any of these
four sources as a radio counterpart of the hard X-ray source
EXS 1737.9[2952.

In order to investigate any possible variability in the four
sources and thereby to look for a possible association with
the X-ray source, we undertook further observations of this
Ðeld during 1994 November and December. Observations
were made at 6 cm in the VLA C conÐguration, which gave
an angular resolution of The mode of obser-8A.5 ] 5A.1.
vation was the same as in 1994 April ; the 1994 December
observations were 3 hours in length. The largest angular
structure ““ visible ÏÏ in this conÐguration was 120A, which is
more than a factor 10 larger compared to the 1994 April
observations in the A conÐguration. The images made from
the November and December data produced essentially
identical results. All four sources detected in 1994 April
were also detected in the November/December images, but
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FIG. 5.È6 cm image of the region containing EXS 1737.9[2952. This image was made by combining the observations made during 1994 November and
December in the C conÐguration of the VLA. The contours are at [0.08, [0.04, 0.04, 0.08, 0.12, 0.16, 0.2, 0.3, 0.4, 0.8, 1.2, 1.6, 2, 3, 4, and 6 mJy beam~1.

due to the coarser angular resolution, the sources were
unresolved. There was no variation in the Ñux density of
any of the four sources between 1994 November and
December. A combined image from the two data sets is
shown in In addition to the four sources seen inFigure 5.
1994 April, two other extended sources are seen in the
northwest portion of Parameters of these twoFigure 5.
sources (labeled as 5 and 6) along with those of the other
four are given in Sources 5 and 6 were not detectedTable 2.
at either 20 cm or 6 cm during 1994 April observations.

shows a magniÐed image of this Ðeld obtained atFigure 6
6 cm in 1994 NovemberÈDecember. The absence of detec-
tion of source 5 and 6 in 1994 April can be attributed to
resolution and sensitivity e†ects. The A conÐguration
observations of 1994 April at 6 cm are sensitive to struc-

tures smaller than 10A and therefore sources 5 and 6, which
are B30A and B12A, respectively, are not detected, although
the rms noise in the image is comparable to that of Figure 6.
On the other hand, the 20 cm image in has moreFigure 4b
than 3 times the rms noise of the 6 cm image in Figure 4a
and furthermore it is sensitive to structures which are
smaller than 38A compared to 120A observable in Figure 4a.
For these reasons the absence of sources 5 and 6 in 1994
April is not surprising.

3. MILLIMETER OBSERVATIONS

We used the low-resolution CO (1È0) survey of extended
regions, including EXS, shown in performed by J.Figure 7,
Bally (1993, private communication), to set up our observ-
ing program. This map shows that the EXS error box is
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FIG. 6a

FIG. 6.ÈMagniÐed images of the region containing sources 5 and 6 obtained at 6 cm in 1994 NovemberÈDecember. The contours are at [0.08, [0.04,
0.04, 0.08, 0.12, 0.16, 0.2, 0.3, 0.4, and 0.8 mJy beam~1.

spatially coincident with a molecular cloud. In order to
study this cloud in more detail, we conducted millimeter
observations in 1993 August using the Swedish-ESO sub-
millimeter telescope (SEST; La Silla, Chile). 12CO (1È0) and
13CO (1È0) transition lines at 115 and 110 GHz, respec-
tively, were used for mapping and estimating the column
density (assuming LTE). The 3 mm receiver system consist-
ed of two cooled Schottky mixers and covered the frequency
band 80È120 GHz. The spectra were analyzed simulta-
neously by two high (0.004 MHz) and low (0.7 MHz)
resolution acoustic-optic spectrometers. The half-power
beam size (FWHM) was 44A at 115 GHz. The background
was eliminated by position switching. Due to the 10@ uncer-
tainty in the EXS location, we carried out a survey Ðrst in

12CO, scanning a grid of 45A pixels 27] 16 with 30 s inte-
gration time centered on the EXS error box. We therefore
obtained a 12CO map of the region and then surveyed the
region centered on the maximum of the previous 12CO
emission, in 13CO (10] 10 pixels), 60 s integration time.
The spectra are shown in Figures and (preliminary8 9
results were published in et al. andDurouchoux 1993 Vilhu
et al. 1994).

We found a cloud at the ““ forbidden ÏÏ velocity of ]135
km s~1 (moving in the opposite direction to the central bar
in the Galactic center region), close to the EXS source
(lII\ [1¡34, bII\ ]0¡34) in both 12CO (1È0) and(Fig. 10)
13CO (1È0) The width of the lines in 12CO and(Fig. 11).
13CO is about 15 km s~1, compatible with a massive molec-
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FIG. 6b

ular cloud. Two cloud velocity components may be seen : a
complex in the [20 km s~1 to ]60 km s~1 range attrib-
uted to the GC clouds and a velocity component centered
at km s~1. Estimates of the maximum columnVLSR \ 135
density and cloud mass are 8 ] 1021 cm~2 and(Fig. 12)
1.5] 104 respectively, from the 13CO (1È0)/12COM

_
,

(1È0) ratio, assuming LTE (following the method by Gahm,
Johansson & Liseau The cloud density in this region1993).
has been estimated at 7] 102 cm~3 (for a 3 pc size). Since
most molecular clouds have Ðlling factors of about 10%, the
density at condensation locations, if present, might be of the
order of 7 ] 103 cm~3.

Further investigations were conducted in 1994 at Daewa
Korean Observatory (South Korea) using the HCO] (1È0)
89.19 GHz transition and at Mauna Kea with the JCMT
using the CS (5È4) transition (224.94 GHz) in order to

search for higher density condensations. Both results were
negative, proving that the cloud density does not exceed 104
cm~3 and that the ionization state is low, which can be
explained by a low state or even a complete extinction of the
possible X-ray counterpart.

4. EINST EIN AND IRAS MAPS

We searched in the archived Einstein maps, within the 5 p
EXS error circle, for soft X-ray sources which could be the
counterpart of EXS. We found in the Einstein IPC Ðeld I
2517 a 0.084 counts s~1 ““ source ÏÏ (4 p), which is(Fig. 13)
probably due to a statistical e†ect, but would, however, aid
attention to harder X-ray energies. A nearby pulsar (PSR
1737[30) is outside the EXS error box (Fig. 13).

An optical image of the EXS region is presented in Figure
Two stars are marked for reference : one of the many14.
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FIG. 6c

Hubble guide stars (GSC 06839[0055, magnitude 11.6)
and SAO 165622 (V \ 7.6), but both are outside the EXS
error box.

We also searched for possible IR emission in the EXS
region by using high-resolution IR maps from the NASA
Infrared Astronomical Satellite (IRAS).

Nothing in the four maps at 12, 25, 60 and 100 km is
visible (see for the 60 km maps) at the location ofFig. 15
the six radio candidates (labeled 1È6 in the TheTable 2).
large complex located on the southwest and the IRAS
17375[30000 source are both outside the source position
error circle.

5. DISCUSSION AND CONCLUSION

From our VLA observations, a comparison of the mea-
sured Ñux densities of sources 1È4 shows that there(Table 2)
has been no variation between 1994 April, 1994 November,

and 1994 December. There is also no evidence for any
change in the structure of these sources. From the general
properties of these sources, they appear to belong to the
category of extragalactic radio sources. On the basis of
these observations, it is not possible for us to make any
clear association between the X-ray source and the radio
sources. Further observations of source 3 (in A
conÐguration) and those of sources 5 and 6 in the C or D
conÐgurations may reveal additional aspects such as varia-
bility or change in structure which help in making a pos-
sible association.

It is not well established if a compact source (not belong-
ing to a binary system) is able to accrete matter from a
dense cloud and produce X-ray photons in an accretion
disk. The clumpiness of the cloud could explain X-ray Ñares
seen in sources where a stellar companion has not been
detected (e.g., 1E and GRS 1758 sources). Of course, AGNs
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FIG. 7.È12CO (1È0) survey (in the velocity range 130È140 km s~1) of
EXS region from J. Bally (1993, private communication). The circle rep-
resents the 5 p EXS error box. The superimposed radio sources (quoted 1
to 8) are from a 20 cm VLA survey et al. The source Ñuxes, in(Gray 1993).
mJy, are (1) 6.6 ; (2) 2.0, variable ; (3) 1.3 ; (4) 24.3, Ñat spectrum, compact
H II region ; (5) 1.9 ; (6) 6.9 ; (7) 1.2 ; (8) 4.4.

FIG. 8.È12CO (1È0) spectrum in the direction of EXS 1737.9[2952

FIG. 9.È13CO (1È0) spectrum in the direction of EXS 1737.9[2952

FIG. 10.ÈContour map at 12CO (1È0) 115.2712 GHz, in the vicinity of
EXS 1737.9[2952, in the velocity range 120È170 km s~1. The location of
the six radio sources as referenced in are indicated with a plus sign.Table 2

are compact objects accreting matter from their surround-
ing media, but the mass of the central nucleus is many
orders of magnitude larger than the stellar black hole poss-
ibly associated with EXS.

One must underline that the Galactic sources with a
behavior characterized by di†erent states mostly belong to
the Galactic center or Galactic disk regions (excluding
X-ray novae), where the detection of a companion is very
difficult due to the high absorption. On the other hand, the
sources out of the Galactic plane, where those di†erent
states have been detected, are commonly binary systems.

We searched for dense media associated with well known
binaries such as Cyg X1, Nova Muscae, and a few others (in
CO and 13CO lines), but the lack of such detection could
indicate either that all the Ñaring sources are part of a
binary system, sometimes with a companion unobserved
due to absorption reasons, or that a single compact object
associated with a dense medium is able to accrete matter.

FIG. 11.ÈContour map at 13CO (1È0) 110 GHz, in the vicinity of EXS
1737.9[2952, in the velocity range 120È170 km s~1. The location of the
VLA candidates are indicated.
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FIG. 12.ÈEXS 1737.9[2952, column density. The contours areH2labeled by the column density (maximum\ 1022 cm~2). Assuming a dis-
tance of 8.5 kpc, the mean density is B103 cm~3.

Is EXS 1737.9[2952 a new, hard X-ray transient associ-
ated with a molecular cloud, which could provide the
matter to feed the black hole as well as the annihilation site
for a narrow annihilation line? Our observations could

favor such a scenario ; so do the similarities with 1E, even
though no jets have ever been detected in the case of EXS.

Soon-Wook & Wheeler pointed out thatMineshige, (1990)
in the case of a disk instability without sources of heat
external to the disk, the disk becomes thermally unstable for
a mass transfer rate of the order of M \ 1017.0 g s~1 (10~8.8

yr~1). This predicted instability might exhibitM
_relaxation-type behavior with quiescent periods on the

order of 1 yr, which could be what we observed by chance in
EXS.

This estimated accretion rate corresponds to a lumi-
nosity, ergs s~1, and the measured 20È200L X \ 7 ] 1038
keV luminosity (assuming EXS to be at the GC distance, 8.5
kpc) is 7] 1037 ergs s~1, taking a 10% v efficiency. The
35È75 keV SIGMA sensitivity is about 5 mCrab (3 p), which
corresponds to a luminosity at the GC distance of
2.6] 1035 ergs s~1. The lack of detection of any X-ray
source at the EXS position in the SIGMA plates can have
di†erent explanations : (1) the occurrence of these X-ray out-
bursts compared with the frequency of the Galactic center
region observations performed by SIGMA (approximately
1 or 2 times a year for observations lasting about 1 month),
and (2) the moderate sensitivity of the SIGMA instrument
(if spherical accretion is considered, it might be less power-
ful than standard Bondi-Hoyle accretion, and consequently
one needs more sensitive instruments to detect it).

Concerning the other gamma-ray satellites (HEAO 3,
CGRO), the poor angular resolution of the instruments

FIG. 13.ÈEinstein IPC Ðeld (I 2517) with EXS error circle minutes). The ““ source ÏÏ marked with an arrow (0.0084 count s~1) seems to be a(texp \ 30
marginal enhancement. Also visible on the Ðgure is the PSR 1737[30 location.
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FIG. 14.ÈOptical image of the EXS region. Two stars are indicated : GSC 06839[0055 from the Hubble guide stars and SAO 165622.

FIG. 15.ÈHigh-resolution IRAS map of the EXS 1737.9[2952 region :
j \ 60 km. Contour intervals are multiples of 1.4140 from 105.59 to 6745.5
mJy sr~1. The location of the six radio sources as referenced in Table 2 are
indicated with plus signs.

onboard these satellites could have made an EXS outburst
attributed to 1E source which is only located 40@ away.

Finally, & Pardi have estimated theCampana (1993)
present number density of black holes as 8.0 ] 10~4 pc~3,
taking initial mass function (IMF), an inte-SalpeterÏs (1955)
grated Galactic black hole birth rate of 8.5 ] 10~3 yr~1,
and 10 as a lower limit to the mass of black holeM

_progenitors Taking a more realistic value for(MBH prog).(25 and about 0.5È7 such objects per molecu-MBH prog M
_
)

lar cloud, X-ray and gamma-ray measurements performed
with a sensitive instrument having high-energy resolution
and imaging capabilities (INTEGRAL) would help to
decide whether or not black holes residing in dense clouds
are able to explain what has been seen in 1E, GRS
1758[258, and possibly EXS sources. If the frequency of
occurrence of this high state is related to the number of
high-density clumps in the cloud, which might be low, this is
also an argument to explain the lack of detection by
SIGMA during their fall 90 GC survey. Nevertheless, GRIS
(the GSFC high-energy resolution balloon spectrometer)
observed the same region 8 days after the EXS detection
and did not detect any feature (GRIS integrates the
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X/gamma-ray Ñux over a relatively large FOV). It seems
difficult but not totally impossible to have a temperature
increase followed by a decrease in such a short period of
time. The idea of positron annihilation in an accretion disk
was Ðrst proposed by et al. and the highRamaty (1992),
density and relatively low temperature of the inner region of
an accretion disk makes it an ideal, or at least a possible,
place for the high-energy positrons intercepted by the disk
to slow down and annihilate within a few &r

s
(Chen

Gehrels Therefore molecular clouds are no longer1993).
needed to explain the observed features.
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