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Abstract

A 10-GHz radio continuum survey of the galactic plane in the range
355°<L1<56°, —125<5b<+1°5 was made at the Nobeyama Radio Ob-
servatory using the 45-m telescope. The half-power beam size of the
resultant map is 370 and the noise level of the resultant map is typically
15 mK in brightness temperature. Thirty-one contour maps and a list of
144 small-diameter sources are presented.

Key words: Galactic structure; Radio continuum survey; Radio
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1. Introduction

The radio continuum emission from the Galaxy is mainly composed of the syn-
chrotron emission radiated by the interaction between relativistic electrons and the
galactic magnetic field, and of the thermal emission by free-free transitions in ionized
(Hm) gases. These two types of emission can be separated by their spectra. At
higher frequency the synchrotron emission from the galactic plane becomes weak, and
we can easily recognize the weak and/or distant H 11 regions, Crablike supernova
remnants, inverted spectrum sources, and diffuse thermal emission. The turnover
frequency of the galactic background emission from nonthermal to thermal is about
3 GHz, and at 15.5 GHz about 709 to 909, of the radiation is of thermal origin
(Hirabayashi 1974).

A number of continuum surveys have been made so far at various frequencies to
investigate the galactic diffuse emission and discrete sources [for example, Altenhoff
et al. (1970) at 1.4, 2.7, and 5 GHz, Day et al. (1972) at 2.7 GHz, Reich et al. (1984)
at 2.7 GHz, Altenhoff et al. (1979) at 4.9 GHz, Haynes et al. (1978) at 5 GHz].
Among them the Effelsberg 4.875-GHz survey (Altenhoff et al. 1979) was made at the
highest frequency with the sharpest beam (2.6). However, it is difficult to separate
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thermal and nonthermal components using previous surveys.

To investigate the galactic thermal emission and flat/inverted spectrum objects,
we conducted a survey of the galactic plane at 10 GHz using the 45-m telescope at the
Nobeyama Radio Observatory (NRO). A part of this survey (21°<7/<26°, —1°<
b<+1°) has been already published (Sofue et al. 1984), in which a Crablike supernova
remnant, two H 11 rings, and weak nonthermal sources were found.

This paper presents the main part of the survey work covering the narrow galactic
ridge region of 356°</<56°, —1°5<b=<+1°5.

2. Observations

The observations were made in March, April, and June 1983, in May, June, August,
September, and December 1984, in June 1985, and in June 1986. It took 26 fine
weather days to complete the observations and the total observing time with useful
data was about 105 hr. The center frequency was 10.05 GHz in March and April
1983, and 10.55 GHz in June 1983 to September 1984. The instantaneous bandwidth
was 500 MHz in both periods. Since September 1984, a multichannel backend,
which can acquire radio continuum data at some different frequencies simultaneously,
was available. We used a two-channel mode with center frequencies of 10.05 and
10.55 GHz. The instantaneous bandwidth was 500 MHz for either channel. As a
result, almost the whole area of the survey was observed at 10.55 GHz except the

NRO 45-M 10 GHZ BEAM (NGC7027) 1984/12/30
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Fig. 1. Antenna beam pattern (point response pattern) at 10 GHz of the NRO 45-m
telescope. Horizontal and vertical directions correspond to azimuthal and elevational
directions, respectively. The pattern could be well approximated by a Gaussian pattern.
The side-lobe level was less than —16 dB of the peak intensity. The contour levels
are —3, —13, —16, —19, —22, and —25dB with respect to the peak intensity.
The tick marks along the frame of the map are separated by 1.
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Table 1. Observational parameters.
a. Data acquisition system.

Receiver ..........covvivienninenn. Cooled parametric amplifier combined with a Dicke-switch
Backend: until August 1983 ....... 1-channel digital detector
since September 1983..... 2-channel multiplex digital detector
Tags o overrreenmananansnnisnnnns 200K
HPBW of the antenna ............. 2766
Tl e e e 0.453 K in Tg/Jy (for 2766 beam)
Bandwidth ....................... 500 MHz

b. Center frequencies.

Observing period Center frequency
March 1983-June 1983 ........... ... ... ... 10.05 GHz
September 1983-September 1984 ................... 10.55 GHz
September 1984-June 1986 ........................ 10.05 GHz, 10.55 GHz

c. Flux Density Calibrators.

Observing period Calibrator Flux density
1984-1986 ... NGC 7027 6.61 Jy at 10.55 GHz
6.65Jy at 10.05 GHz
March-June 1983 ..................... 3C 348 4.10 Jy at 10.05 GHz*
June 1983 ... ... 3C 48 2.82 Jy at 10.05 GHz
April 1983 ... ... .. 3C 123 7.94 Jy at 10.55 GHz

* Peak flux density with 2/66 beam.

1<358° region, which was observed only at 10.05 GHz. About 409 of the whole
area was observed at both frequencies. We combined all the data to make a final
survey map.

The half-power beamwidth of the 45-m telescope was 2766 at 10 GHz. The
antenna beam pattern was well fitted by a Gaussian pattern and the side-lobe level was
less than —16 dB of the peak intensity. The conversion factor from main beam flux
density to main beam brightness temperature T’z is 0.453 K=1 Jy. Figure 1 shows
the antenna response pattern to a point source, which was obtained from a map of
NGC 7027.

The final map was made by joining many maps each of which was obtained at
one observational sequence of scans. (Hereafter we refer to the small maps as element
maps.) The typical size of an element map is 4/X 4b=3°x2°. Each element map
was acquired by raster scans of 60° inclination from the north (in the equatorial coor-
dinates) toward the west (position angle=—60°), in order to scanalmost perpendicularly
to the galactic plane. The length of each scan was 320 or 392. Only for —2°0</<
+2°0 and some areas where strong sources exist near b=--1°5 or —1¢5, the scan
length was 4°0. Several element maps were obtained by taking 2°0 or 2°14 scans.
Each scan took 50 s and the scan separation was 0202. About a half of the survey
area was observed more than twice. The rms noise in the resultant map was 30-
140 mJy/beam or 14-63 mK in 75 depending mainly on weather conditions. Table
1 lists observational parameters of the survey.
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Fig. 2. The 10-GHz receiving system used at the NRO 45-m telescope.

The total intensity was obtained by using a circularly polarized feed and assuming
that the circular polarization of the radiation is negligibly small.

The source NGC 7027 was used as the primary calibrator for flux density, and
was assumed to be 6.65 and 6.61 Jy at 10.05 and 10.55 GHz, respectively, based on the
spectrum of Andrew et al. (1981). The sources 3C 348, 3C48, and 3C 123 were used
as the flux calibrators until June 1983. The flux density of 3C48 was assumed to be
2.82 Jy at 10.05 GHz based on the spectrum of Andrew et al. (1981). The peak flux
density of 3C 348 was assumed to be 4.10 Jy/beam at 10.05 GHz using the NRO 45-m
telescope (H. Tabara and T. Kato, private communication). The flux density of 3C 123
was assumed to be 7.94 Jy at 10.55 GHz based on the spectrum of Andrew et al. (1981).

The receiver gain fluctuation in a time scale of 10-20 min was calibrated by measur-
ing the intensity of a standard noise diode.

Figure 2 shows a block diagram of the receiver system of the 45-m telescope. The
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receiver consists of cooled parametric amplifiers followed by FET amplifiers.

3. Data Reduction

The first stage reduction was performed by using the CONDUCT system. This
is a standard data reduction system for continuum observations at NRO on a
Facom M380S computer. A part of the CONDUCT system uses the NOD2 subroutine
package (Haslam 1974). The CONDUCT system will be described in a separate paper.

For maps with a scan length 3°0-4°0, both ends of each scan were assumed to be
zero level. Then the element maps were checked by inspection to see whether or not
emission at either end of the scans is really negligible. If any source exists, then the new
base level was set by linear interpolation between the two lowest intensity points along
the scan. Finally the PRESS method (Sofue and Reich'1979) was applied to suppress
the scanning effects.

For maps with a scan length 2°0-2°14, base levels were set using the maps made
by combining the maps with a scan length 3°0-4°0. The survey map was combined
with all these element maps weighted by the inverses of the squares of the noise levels,
and was constructed to have a 0502 square grid referred to galactic coordinates. The
final map was convolved by a Gaussian beam as if observed with 370 beam to improve
the signal to noise ratio. After the convolution the rms noise level of the map is 10-
40 mK in T (typically 15 mK). The conversion factor from flux density to brightness
temperature 7 is 0.356 K=1 Jy/3/0 beam.

4. Results

a. Contour Maps of the Survey

In figures 3 to 33 the 10-GHz survey maps are shown in the form of contour maps
of 2°2x3° with 1° grids of galactic and equatorial coordinates (epoch 1950.0). The
contour levels are as follows: '

0.10K to 1.00 K in 0.10 K step,
1.00 K to 3.00K in 0.20 K step,
300K to 5.00K in 0.50 K step,
5.00 K to 10.00 K in 1.00 K step,

10.00 K to 20.00 K in 2.00 K step,

20.00 K to 50.00 K in 5.00 K step.

Some contours are labeled in relative brightness in kelvins or arrows which point
towards local brightness minima. The contours without labels are not drawn where
the contours are overcrowded. Notes to the individual maps are given in the captions
of each figure.

b. A List of Small Diameter Sources

In table 2 we have listed 144 small-diameter radio sources detected in the survey
area. The criteria for including the listed sources are as follows: (1) The apparent
diameter at the full width of half maximum is smaller than 4.5 and larger than 2’4
(with 370-beam). (2) The peak flux density is brighter than 0.3 Jy/3.0 beam. (3)
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Fig. 3. The atlas of contour maps in galactic coordinates ordered by decreasing longitude.

The labels on contours indicate brightness temperatures in kelvins.
has not been observed. The noise level of this map is about 30 mK. Many weak
features presented by the lowest contour may not be real.

The region /=56°1
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NRO 45-M 10 GHZ SURVEY 55°1 2 L 2 52°3 , -1°5 < B < +1°5
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Fig. 4. See the caption of figure 3. The noise level of this map is about 20 mK. Many
weak features presented by the lowest contour may not be real.
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NRO 45-M 10 GHZ SURVEY 53°f 2 L 2 50°3 , -1°5 < B < +1°5
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Fig. 5. See the caption of figure 3. The noise level of this map is about 25 mK. Many
weak features presented by the lowest contour may not be real.
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NRO 45-M 10 GHZ SURVEY 51°1 2 L 2 48°9 , -1°5 < B < +1°5
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Fig. 6. See the caption of figure. 3 The noise level of this map is about 20 mK. Many
weak features presented by the lowest contour in the region near /=~4974 may not be
real.
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Fig. 7. See the caption of figure 3.
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Fig. 8. See the caption of figure 3. The noise level of this map is about 20 mK. Many
weak features presented by the lowest contour may not be real.
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NRO 45-M 10 GHZ SURVEY 45°1 2 L 2 42°9, -1°5 < B < +1°5
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Fig. 9. See the caption of figure 3. The noise level of this map is about 25 mK. Many
weak features presented by the lowest contour may not be real.
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Fig. 10. See the caption of figure 3. The noise level of this map is about 25 mK. Many
weak features presented by the lowest contour may not be real.
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Fig. 11. See the caption of figure 3. The noise level of this map is about 20 mK. Many
weak features presented by the lowest contour may not be real.
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Fig. 12. See the caption of figure 3. The noise level of this map is about 25 mK. Many
weak features presented by the lowest contour may not be real.
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Fig. 13. See the caption of figure 3. The noise level of this map is about 20 mK. Many
weak features presented by the lowest contour may not be real.
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