GAMMA-RAY IMAGING OF THE GALACTIC CENTER REGION
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ABSTRACT. The Caltech imaging 7-ray telescope was launched by balloon from Alice Springs,
NT, Australia and performed observations of the galactic center during the period 12.62 to 13.00
April 1988 UT. The first coded-aperture images of the galactic center region at energies above 30
keV show a single strong ~-ray source which is located 0.740.1 ° from the galactic nucleus and is
tentatively identified as 1E1740.7-2942. If the source is at the distance of the galactic center, it is
one of the most luminous objects in the galaxy at energies from 35 to 200 keV.

1. Introduction

Hard X-ray and 7-ray observations of the galactic center region have been performed
by balloon-borne and spacecraft instruments since the early 1970s.m 4 However, only
recently has imaging been performed in the hard X-ray energy range — the Spacelab 2
observations of Skinner et al® from 3 to 30 keV. These results, together with the
observatlons performed with a slit scanning experiment_on Spartan 1 from 1 to 15
keV and the FEinstein observatory from 0.9 to 4 keV,7 have revealed a number of
point sources within approximately one degree of the galactic nucleus, including a point
source at the nucleus itself surrounded by a region of diffuse emission.

Non-imaging observations at higher energies have revealed 0.511 MeV positron
annihilation line radiation and hard continuum emission extending to above 1 MeV,
with both line and continuum components varying in intensity on time scales as short
as six months.®#%1% The compact source size required by the time vanablllty, and the
unusual 7-ray spectrum, have stimulated speculation that the emission may be due to a
massive black hole at the galactic nucleus. Although the location of the 0.511 MeV
source is consistent with this speculation, the observational uncertainty of 44 ° prevents
a definitive identification.

We report here the identification of a strong source of <-rays based on the first
coded-aperture imaging observation of the galactic center region at energies above 30
keV. However, the source is not at the galactic nucleus, and 0.511 MeV line and hard
MeV continuum emissions were not observed.

2. Observations

The observations were performed with the Caltech Gamma-Ray Imaging Payload
(GRIP), a balloon-borne coded-alperture telescope sensitive to radiation in the energy
range from 30 keV to 10 MeV.! The instrument employs a rotating hexagonal-celled
uniformly redundant array (URA) and a 5 cm thick by 41 cm diameter position sensi-
tive Nal scintillation detector to image a 14 ° diameter field of view with 1.1°angular
resolution.

581

M. Morris (ed.), The Center of the Galaxy, 581-585.
© 1989 by the IAU.

https://doi.org/10.1017/5007418090018708X Published online by Cambridge University Press


https://doi.org/10.1017/S007418090018708X

582

The ~-ray telescope is mounted in an elevation-azimuth pointing gondola. Telescope
elevation is controlled by a stepping motor driving a ball-screw mechanism, while
azimuth is controlled by a torque motor employing magnetometer feedback. Redundant
magnetometer systems provide aspect information used in post-flight analysis to correct
for azimuthal tracking errors. In addition, during the flight reported here, improved
aspect information was obtained from: (1) a CCD camera which could track the sun,
planets or bright stars using a mirror mounted on a precision rotation stage, and (2) an
image-intensified CCD star camera sensitive down to 7th magnitude.

In April 1988, a 30 hour flight of the instrument was achieved, and the galactic
center region was observed for two 4-hour periods during the interval 12.62 to 13.00
April 1988 UT. Data from the star camera has been used in a preliminary analysis of
one hour of the galactic center observation extending from 12.751 to 12.792 April 1988
UT. The resulting image, shown in Figure la for the 35 to 200 keV energy interval,
contains a single significant image peak. Known hard X-ray sources are indicated by
dots.>!? An expanded view of the image peak of Figure la is shown in Figure 15. The
location of the peak, indicated by a cross, is within 0.1 ° of source number 5, 1E1740.7-
2942. Our estimated 90% confidence error box for the peak location excludes all other
hard X-ray sources shown, although source number 8, A1742-294, is near one corner of
the box. The galactic nucleus source Sgr A* (source number 7) is 0.740.1 ° away from
the image peak, and well outside the error box.
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Fig. 1.—(a) Image of the galactic center region from 35 to 200 keV covering a 14 ° field of view.
Right ascension (vertical lines) and declination (korizontal lines) are indicated for epoch 1988.3.
The contours indicate the number of excess counts in a given direction, calibrated in units of the
statistical significance of tlge excess, with contours beginning at the 20 level and spaced by lo.
Known hard X-ray sources®? are: (1) GX1+4, (2) SLX1732-304, (3) SLX1735-269, (4) SLX1737-
989, (5) IE1740.7-2942, (6) A1743-322, (7)Sgr  A*, (8) A1742-294, (9) 1E1743.1-2843,
(10) SLX1744-299, (11) GX3+1, and (12) GX5-1. (b) Expanded view of the image peak. The
peak location and its 90% confidence error box are indicated.
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The estimated error box dimensions include both statistical and possible systematic
uncertainties. The error box is narrower along one axis due to use of the star camera
aspect data. The camera provides accurate aspect information only along the arc con-
necting the axis of the ~-ray telescope with that of the star camera, which is offset by
50°. The longer dimension of the error box aligns with the direction of telescope eleva-
tion motion. The size of the error box in this dimension was estimated based on eleva-
tion pointing errors measured in seven pointings at the Crab nebula and pulsar and a
single pointing at Cyg X-1. 103

To obtain a preliminary energy
spectrum for the source seen in Fig-
ure 1, the remainder of the galactic
center observation was processed in
one hour segments without the use
of star camera data. A single
image peak similar to that of Fig-
ure 1 was seen in the 35 to 200 keV
image for each of the additional
time periods. Pointing offsets were
chosen to align each image peak
with that of Figure 1. A composite
35 to 200 keV image for all the
time periods was found to again
have only a single significant (160)
image peak, of shape consistent 10©
with the point source response
measured for the Crab and Cyg X-

1. Thus we have assumed a single

point source and derived its photon | | .
energy spectrum by analysis of 107, S e bou e
images for a series of energy bands 10 102 10° 104
from 35 keV to above 6 MeV. The ENERGY (keV)

resulting source spectrum is shown  Fig 2 __Gamma-ray differential energy spectrum for
in Figure 2. A minimum chi- the source shown in Fig. 1. Upper limits are 20.
squared fit to a power law function,

dJ/dE = K(E /100keV)?, was performed for the energy range from 35 to 200 keV. The
best fit power law spectrum, shown in Flgure 2, has a spectra.l index a = -1.8140.12
and a flux normalization K = 7.440.5x10° cm 2s keV'!. A similar analysis for the
Crab nebula and pulsar from 35 to 173 keV gave a = -1.8040.06 and K = 4.740. 1x10™

25 kevL.

An image has also been generated for a 55 keV wide energy band centered on 0.511
MeV, and chosen to include 89% of the flux from a narrow line. No significant image
peak was found. The preliminary 99% confidence upper limit for 0.511 MeV line flux
from a point source at the position of the hard X-ray image peak is 8x10% em %7

The results reported here are preliminary. We note that the Crab spectrum given
above is ~ 5-35% below other measurements at 100 keV, 13 and may indicate an overall
systematic underestimation of the flux. However, the earlier measurements were made
with non-imaging instruments which may overestimate the flux, and one cannot exclude
the possibility of time variability.

T ||[||||| T Il[llll‘l’ LI L IR

Tt

0

104

T IIIIII]
! Illllll

E-1.81

T
Il

105

FLUX (cm-2 51 keV-1)
T T ll1r']

ll]lllll T
1 ||I|||||

bl

T
L

https://doi.org/10.1017/5007418090018708X Published online by Cambridge University Press


https://doi.org/10.1017/S007418090018708X

584

4. Discussion

The first coded-aperture imaging observation of the galactic center region at energies
above 30 keV has revealed a single (at 1.1 ° resolution) strong source of hard X-rays and
~-rays. If the source is at a distance of 8.5 kpe, its 35 to 200 keV luminosity of
1.7x10%7 ergs/s would be one of the largest in the galaxy, comparable to the 50 to 400
keV luminosity of 2.3x10 87 ergs/s measured for the black hole candidate Cyg X-1 in its
3 state.

Our observation of a smgle hard X-ray image peak at energies above 35 keV is in
good accord with the earlier imaging results from Spacelab 2 at energies below 30 keV.
The Spacelab 2 results show that only one source, 1E1740.7-2942 (number 5), dominates
in the 19 to 30 keV interval. A preliminary Spacelab 2 spect;rum15 obtained for
1E1740.7-2942 durmg August 1985 connects smoothly w1th the spectrum shown in Fig-
ure 2, matching in both intensity (~ 7x10° em %5 keV! at 30 keV) and slope. Thus,
both posnlonal and spectral agreement suggest that the hard X-ray source seen in Fig-
ure 1 is 1E1740.7-2942. The spectral agreement also suggests that the source spectrum
may be relatively stable with time.

Our results should also be compared with previous observations of the galactic center
region obtained with non-imaging and scanning instruments. Since such comparisons
are complicated by differences in angular resolution and the known time variability of
many of the hard X-ray sources in the region, we restrict ourselves to the following
comments:

(1) The spectrum of Figure 2 falls below or near the lower envelope of previous results
obtained at energies from about 50 keV to 1 MeV with wide aperture
(>10°FWHM) instruments.? The higher results obtained with wide aperture
instruments are, at energies below 100 keV, probably due to the inclusion of
several (typically time-variable) hard X-ray sources located within 10° of the galac-

tic center.

(2) Several instruments®1%1%17 with narrower apertures (1.5°to 5°FWHM) have

observed 3 source near the galactic center with flux at 100 keV ranging from ~ 0.5
to 2.0x10™* em™%s” keV comparable to that shown in Figure 2. Our observations
support the suggestion by Skinner et al.’ , that 1E1740.7-2942 is the most probable
source for the high energy flux seen in these earlier observations.

(3) We have found no evidence for the reappearance of the compact source of hard
MeV continuum radiation, which was seen to turn off or decrease between the
HEAO 8 observations of Fall 1979 and Spring 1980. 10 The flux decrease was most
dramatic at energies near 1 MeV, where the continuum level dropped by a factor
of 20 or more. The spectrum of Figure 2 is a factor of two or more below the
HEAO 8 Fall 1979 spectrum near 1 MeV. Further, our 0.511 MeV upper limit of
8x10 em %! is significantly below the value of 1.8530. 21x10°% em™s reported
for Fall 1979.° Our 0. 511 MeV upper limit is also lower than the reported decrease
of 1.2040.35x10°2 cm %! between Fall 1979 and Spring 1980, attributed to a com-
pact source. However, the spectrum of Flgure 2 and the 0.511 MeV upper limit
were derived for a single point in our field of view. Upper limits on the 0.511 MeV
line and MeV continuum from a possible point source at an arbitrary location in
our field of view, and from diffuse emission, must await further analysis.
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