The Discovery of Sgr A*

Part 2: “We’ve got a Tiger by the Tail”
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We wish %o ‘propose observations of Sgr A and ‘Sgr B2 with the
radio link interfaeromotor system at WRAQ. Wa would 1ike to vee
the recaeivers at both 2.7 and 8.7 Gz, und Laselines of both,
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I. SOURCES
L. Sgx s
In view of the inereasing intersst in highly collapsed
nuclear chjevts as probable Sources of the cucygy in P80's And i
radio galaxiez, it is of phramount impoktande to pursve investiga-
tiono of compaok skrugturs in Sgr A. Although the centex of aur
Galuxy 3s relatively c;uiasl'cent. it is 20 olose that wa can ohserve
dekails on a mush £iner ifnear scals than iy pogsible in axternal
galazles, even with VLB tcchnigued,
2. Bdr B2 ;
i 'thé discovery of compaect coptimium sources in sgr B2 (Bkers
and %Lynden-Bell 1971, Hobbs ot al, 1871, Martin and Downez 1872,

'

Wolch 1972) fndicates thak it would be profiteble te investigate

this source with longer baselires,
IT. $IGNAL-to-NOIFE ; '

With a 100 X system temperakuve spnd 35 Mz bandwidth, the
c.M.S. noise ia ~ 2 ¥ 167% K for a l=scc inteycetion. On tha
basis of observations of thake sources to 'lgam.iines of 25 000 A
(Downes znd Mapein 1871, Bkers and Lyndon-Peil 1971, Martin and
pownes 1972) we might xeasonably ewpect to observe Eringo
visibilitles of ~ 1 £.u. in both these sources over baselines

of 105 ). #ith 42 and 85-£t asrials, this fringe visibility
would correspond 4o a Ty 5 X 10_2 % \ :
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ABSTRACT
The detection of strong radio emission in the direction of the inner 1-pc core of the galactic nucleus is reported.
The structure is bright (brightness temperature > 107 ° K}, unresolved (¢ < 071), and distributed within a few
seconds of the brightest infrared and radio emission seen previously.

Subject headings: galactic nuclei — radio sources

I. INTRODUCTION

The nucleus of the Galaxy is a region of great
interest both because of its possible dynamical effects
on our own Galaxy (Sanders and Prendergast 1974)
and because it might provide insight into the processes
governing other more energetic galactic nuclei (Saslaw
1973). The interesting inner portions are now being
observed in some detail at several wavelengths. Rieke
and Low (1973) have shown there exist at least five
small-diameter sources and an extended background
of infrared (IR) emission located within a 20" region.
Radio synthesis observations with resolutions of 10”
or less have been made of this same wvicinity (called
Sgr A West by radio astronomers) at 2.7, 5.0, and
8.1 GHz (Downes and Martin 1971; Balick and
Sanders 1974 ; Ekers 1974); these show that there exists
structure over a wide range of scale sizes in the region
of the IR emission (we refer to this inner 2- or 3-pc
core as the IR [radio complex). Although the interpreta-
tion of the observations is far from unambiguous, it
seems clear that the IR fine structure is generically
related to that at radio wavelengths.

Balick and Sanders (1974) have suggested that the
structure they observed on size scales between 2" and
20" in Sgr A West is predominantly ionized gas
typical of fine structure in other H 11 regions. Therefore
we included the IR [radio complex as part of a program
searching for ‘““super-bright radio knots” in H n
regions (Miley et al. 1970) using the new 35-km base-
line interferometer of the National Radio Astronomy
Observatory (NRAO). For Sgr A West, the fringes
were so strong as to be detectable above the noise level
in only a few seconds.

II. OBSERVATIONS AND DATA REDUCTION

The NRAO interferometer consists of three 85-foot
(26-m) telescopes separable by up to 2.7 km and a new
45-foot (14-m) telescope located about 35 km south-

* Operated by Associated’ Universities, Inc. under contract
to the National Science Foundation.
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west of the other dishes on top of a mountain. The
instrument operates simultaneously at 2695 MHz
(11 em) and 8085 MHz (3.7 cm), and the lobe separa-
tions vary between 2" and 072, depending on frequency
and projected baseline length. Because the 45-foot and
associated systems have not been described previously,
we present a short description here.

The 45-foot telescope is a portable, fully steerable
telescope with an aperture efficiency of ~70 percent
at both 2.7 and 8.1 GHz. The local oscillator signal is
transmitted to (and from) the remote 45-foot from
Green Bank over a phase-stable 1.3475-GHz radio
link. A second wide-band 18-GHz link carries instruc-
tions uplink and the IF signals and digital data down-
link. Except under conditions of inclement weather
the radio links are quite stable, and the 45-foot system
is operated remotely from the Green Bank site. Aside
from the lower sensitivity and relatively narrow field of
view (see below), the 45-foot system can be considered
identical to the 85-foot systems.

The present observations were conducted on 1974
February 13 and 15 under conditions of excellent
weather and minimal instrumental difficulties. Phase
and gain calibrations were made by reference to NRAO
530 which was observed every half hour, and which is
essentially unresolved on the present baseline. Tts flux
(4.3 fu at 2.7 GHz, 5.4 fu at 8.1 GHz) and position
(21050 = 17"30™135542 + 05003, 81650 = —13°02'45"83
+ 0707) were determined by comparison with 3C 84,
3C 120, 3C 138, 3C 345, and BL Lac whose fluxes and
positions had been accurately measured earlier.

Data reduction of 45-foot data consists essentially
of the same process used for reducing data from the
85-foot telescopes, and will not be described here.
Since the 45-foot signals are correlated with signals
from each of the 85-foot antennae, three closely
spaced baselines (of length 35.2, 33.8, and 33.2 km)
at each of two orthogonal polarizations (left-hand, or
L, and right-hand, or R, circular) are obtained, so that
consistency and repeatability tests can be made on
each of six independent correlators. Because of the
wide 30-MHz bandwidth and long baseline length, the

R T R R T R S S T e



What we knew in June 1974:

1. There was radio structure at the galactic center that
was of an angular size <0.1 arc seconds that appeared
to be a single compact source offset from the IR
position.

2. The source spectrum was “inverted”—the source was
stronger at higher frequencies.

3. The source was unresolved (no spatial structure on
scales of ~0.”1.

4. The source brightness temperature was greater than
10’ K: the source is non-thermal.

5. Position, but not the name, of Sgr A*.

A Year Later....

5. The source was variable on a timescale of hours; the
variability occurred at the same times at both frequencies
but was fractionally greater at the higher frequency.
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