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This is the second paper of a series representing the results of

a 10 GHz radio continuum survey of the galactic plane region.We report here
out a large area(4°x4°)mapping of the galactic center region at 10.55 GHz
th a HPBW=2.6"'. The maps reveal a prominent off-plane radio lobe of diame-
ter 1x1.2° centered on 1=359°.7, b=0°.6 extending towards positive galactic

: itude. The lobe has a flat spectrum,indicating a thermal gas origin.
lobe may be an evidence for an explosion or a channelled exhaust of

ter from the galactic nucleus. We report also a discovery of two new

ernova remnants of shell type located at G359.1-0.5 and G359.0-0.9.

Words : Galactic center; Activity ; Radio continuum ;

ernova remnant.
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(| 1. Introduction E { B o vattons

4| di ti i i 3
1 Current studies of radio continuum esmision from the neclear regionm E 3 The observations were made on April 25, 1983 using the 45-m radio

f the G h ted inl i 3
3 Siignany Taye Deen conmenipeced Eninly g0 Trmann clunn fa Lhg galactiqf telescope at the Nobeyama Radio Observatory. The HPBW of the 45-m dish was

1 « Th i i
plane ermal emission from extended HII regions near the galactic center 2.57+0.03'at the center frequency of 10.55GHz. The first side lobe level

ta has been extensively studied by Mezger and Pauls (1979). However,.no
' was below -20 dB, which provided a high dynamic range measurmeat of such
systematic resesrch has been made of off-plane, more diffuse radio emission,
‘ a region involving strong radio sources like as the galactic center.
which is characterized by many radio ridges and spurs emerging from the

; We used a cooled parametric amplifier combined with a Dicke-switching
*ﬁ‘ galactic plane toward higher galactic latitudes.In this paper we represent

system referring a cooled dummy load at 20 K stage. The bandwidth was 500
a large area (4°x4°) and high resolution (HPBW=2.6") maps of the galactic

4 - MHz and the system noise temperature was approximately 100 K. We used a
il center region at 10.55 GHz with a large dynamic range. We describe prominent

: circularly polarized feed system and detected one polarization component.
- akl off-plane radio structures and discuss their physical characteristics.

Total intensity was obtained by assuming that circualr polarization of

1 ] This paper is the second of a series representig results of a 10 GHz
] the sources is neglibigle. The flux densities were calibrated using a refer-

gfi radio continuum survey being carried out at the Nobeyama Radio Observatory

4 ence noise source which was calibrated by the radio sources 3C123, 147 and
using the 45-m radio telescope. A part of the survey work has been reported

348, whose fluxes were taken from Tabara et al. (1984). The conversion
by Sofue et al (1983 ; 1984), and a brief report about a discovery of a

factqr between the brightness temperature and equivalent flux density per
large diameter radio lobe likely related to the galadtic nucleus activity :

‘beam area was taken as Tb/S = 0.47 £ 0,05 K/Jy.
has been given by Sofue and Handa (1984).
We! mapped a squared area of 4°x4° centered on the galactic. center at

RA(1950)=17h 42m 29.29s, Dec (1950)=-28° 59' 17."6. The area was scanned in

the direction perpendicular to the galactic plane with the spacing of 1.2' at
4 speed of 4°/50 sec. Total observing time was about 3.5 hours and the
‘ffective integration time per beam area was 1.4 sec. The two extreme sides
Of each scan at b= #2° were taken to be zero levels.
The data reduction was made using the radio astronomical reduction

System at the NRO, a part of which contains the NOD2 reduction package de-

Stribed by Haslam (1974). Scanning effects, which are mainly caused by
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weather condition, were removed by using the "pressing" method of Sofue

i S A AN A G ade L ix LN

and Reich (1979). The computations were made on a FACOM M200 at NRO. : " Column 1l: Galactic lomgitude

 Column 2: Galactic latitude

- Column 3: Peak flux density at 10.55 GHz, SP

olumn 4: Half maximum gaussian width of the apparent extension
3. Results of the source in the longitude direction, 61

Half maximum gaussian width in the latitude directionm, Bb

2

' : )] : lculated through S = S_6.6. /HPBW
Figure 1 shows a 10 GHz continuum map of the whole observed region R 6= Totgl flux densdcy galculs g t plb

lumn 7: Remarks.

of 4°x4° centered on the galctic center,where the map is smoothed to a

gaussian beam of HPBW=3.'6. Figure 2 shows detailed maps of the region devide .
: ) i also mean errors to the calculated quantities.
into 1%1x1%1areas with the original resultion of HPBW=2'6. The unit of the ] T throush 3 give

numbers on contours in both figures represents surface brightness in 4.0.

22 -1

0] m_zﬂz-lstr ) Table 1

mK Tb’ or equivalently 8.65 mJy/2!6 beam area (1.36x10

The rms noise in the map calculated for a quiet region is about 20 mK in Tb ;

The figure reveals a number of strong discrete sources including the Sgr A (ii) Two new supernova remnants:

and B . The majority of the sources are located near the galactic plane and In figure 1 we find two loop (arc) -shaped sources. A loop of

have been discussed so far by many authors. Below we give a source list of diameter about 21'is seen centered on ( 1,b )=( 35971-0?5 ), which we

the region and discuss off-plane, extended features found in the map. call hereafter as G359.1-0.5. The other is am arc at ( 1,b )=(359?2;-0?9)-

If we fit this arc with a loop, its center is at around ( 1,b )=( 359°0,

Fig.l “9?9 ) with adiameter of about 23'. We call this source as G359.0-0.9.

These two sources are recognized on the 5 GHz maps of the Bonn and Parkes

Surveys (Altenhoff et al.1978; Haynes 1980). Figure 3 is a close up of

(i) Source list: Table 1 gives the list of sources detected in the mapped
] he two SNR at 10 GHz to see their loop structures more clearly, where

area. The sources wérepicked up by applying a two dimensional gaussian fittin

\ the back i i eich 1979) has b
program, which detects relatively compact sources with clear peak enhancemel : ground filtering (BGF) method (Sofue and Reich 19 ) has beex

3 applied = ved.
Very extended sources with scale sizes greater than several HPBW are not CO¥ . et e it ba;kground i Tl T

pletely picked up. Below are instructions to the table .

e
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; F g - shaped radio loop , which we call hereafter as the Galactic Center
i Fig 3 -
‘ e - b = Lobe (6CL) . The geometrical center of the lobe is approximatley (1,b)=

(359f7,0?6)_1ts angular diameter ' in the longitude direction is approximatley

From a comparison of the brightness at 5 and 10 GHz both sources 1.1°, which corresponds to a linear diameter of D=185 pc at a 10 kpc distance.

are nonthermal: The spectral index of the brightest ridge of G359.1-0.5 The height of the lobe is about 1.2° from the galactic plane, or about

is ax -0.6, and that of G359.0-0.9 is ax~1.0. Judging from the shapes and B0 oc
210 pc.

a spectral indices, we may conclude that the two sources are supernova remnant{ Physical properties and possible origin of the GCL have been discussed

i 1 i © : ist SNRs.
of shell type,which have been not catalogued om any existing list of SNRs by Sofue and Handa ( 1984 ). The total flux density of the lobe integrated

‘fti . =0, =5, + i
.f[* The total flux demsity of G339.1-0.5 is calculated to be S=5.1 *1 Jy at at b >0.2°, after subtraction of the background smooth component, is about

- = 2 24 d
10GHz , and that for G359.0-0.9,5=11 * 2 Jy. The observed quantities are 132 + 10 Jy at 10 GHz. The spectrum between 5 and 10 GHz is as flat as a=

ummarized i 2 list i inear : L
sumiselced 16 Tablge, where axe dlso listed derived pacameters as the ldugg 1. The flat svpectrum indicates either its thermal gas origin or synchrotron

diameters, distances, ages and expansion velocities. Here w assumed spectral 5 ;i A s
4 » 38 B < 2 ; igin with energetic cosimc ray electrons continuously injected from the

ihdex Tor the WHOLE Sdod«lct.o aniasy U0 Bnd For6330,0-0.9 85 Byl alactic nucleus. Table 3 summarizes the derived parameters when the GCL

i -_ i i
i A I-D relation of Clark and Caswell (1979) at 5 GHz was used to derive the 7 [ ned to be composed of thermal gas. FPossible formation meéhanisms

. [ . . . . s
diameters. A sedov's (1959)similarity solution was applied to derive the B suspested by Bofus and Handa (1984)% (&) an explosion or & channelled

age and expansion velocity by taking the initial explosion energy of 1051

khaust of matter due to the galactic nucleus activity :(b) inflation of

X o =3
BEER dhd dwblent gaf decelty of no-l LT A e oop of magnetic tube from the nuclear disk with cosmic rays and thermal

i 1 Table 2 by a Parker type instability as in the case of a solar loop prominence.

| | (iii) An omega-shaped Radio Lobe _i__i_i

Many ridge-like radio spurs emerge from the galactic plane and extend

: ) = ° .2~1°) and 8 .
toward higher latitudes. Among them two spurs at (1,b)=(0.2°, 0.2~1°) and Similar off-plane radio lobes and jet structures have been observed

L ° ~1° ; by dio
at (-0.6°, 0.1~ 1°) are the most prominent structures in the off-plane rady BRI teplons of several sdgs-on: galafiss, Humndl et al (1987) Have

emission near the galactic center (figure 1).We note that both spurs are  that the edge-on galaxies NGC2292, 3079, 4388, 4438 and 6500 have

bendi i ter direction: ith respect . : . y
nding toward the galactic cen n: they are convex wi £ 7 ' Jets which extend from the nuclear regions almost perpendicularly to

it [ i = i i ted : y
: to the galactic nucleus. We emphasize that the two ridges are connec alactic plane. Duric et al. (1983) have shown that NGC3079 has a radio

R e e S | L ceR SRSl GRS ORI eRaes s i L €xtending from the galaxy center. They suggest that such an off-plane

i Ry
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radio lobe may be a result of an inflation of magnetic bubble from the

nuclear disk of the galaxy. It is likely that the presently found omega-

shaped radio lobe in our Galaxy is a similar phenomenon to the above References

mentioned radio lobes and jets in edge-on galaxies, although the scales

are much different: the scale of the GCL is about 200 pc, while the jets ;1 Altenhoff, W.J., Dowmes, D., Pauls, T.A., and Schraml, J, 1978, Astron
5 ? * ’ Lzt ] H ’ ’ -

in the edge-on galaxies are about 1 to 3 kpc. We suggest that a channelledAi Astrophys. Suppl. 35, 23
b = _’

exhaust of energetic materials from nuclear regions, more or less of cl
ark, D.H., and Caswell. J.L. 1976, Monthl
- J.L. 5 y Notices Roy. AStron. Soc.

various scales, is a common phenomenon in spiral galaxies including our 174. 267
oy

own Galaxy.
Duric, N., Seaquist, E.R., Crane, P.C., Bignell, R.C. and Davis, L.E. 1983

Astrophys. J, (Letters), 273, L1l

Haslam, C.G.T. 1974, Astron. AStrophys. 15, 333

Haynes,R.F., Caswell,J.L., and Simons,L.W.J., 1978, Austr.J.Phys.Suppl. 45,

4. Concluding Remarks
Hummel. E., Kotanyi,G.G., and van Gorkom. J.H.1983

Astrophys.J. (Letters), 267, LS

We have represented a large area (4x4°) radio continuum maps at
zger, P.G.and Pauls, T.1979, in The Large-Scale characteristics of

10.55 GHz of the galactic center region with a 2.6' HPBW resolution. The 4 7
the Galany, IAU. Symp No84, p357, ed. W.B.Burtonm.

maps reveal a number of interesting features extending toward high Milne, D.K. 1979, Australian J. oh 32. 83
g e , - phys. 32,

galactic latitudes. Among them the most interesting objects are the d . 15 » b
edov,L. 1959, in Similarity and Dimensional Methods in Mechanics

two prominent spurs composing a loop or a lobe over the galactic center, (Academy Press, N.Y.) Ghisg. &
] cla/, .

which we call as the galactic center lobe (GCL). The spectral index B e’ Y., and Handa.T. 1984. submitted to Nat
s Yo, s L » Subm ature.

of the lobe is as flat as ¥ =-0.1 which suggests its thermal gas origin. ofue, Y., and Reich, W. 1979. Astron Astrophys. Supple. 38, 251
;] - ’ - - ._,

The lobe may be an evidence for an explosion or a channelled exhaust of ofue, Y., Hirabayashi, H., Akabane, K., Inoue. M Handa, T.. and
3 -3 P .y 5 oy n

matter at the galactic nucleus. An inflation of magnetic tube filled Nakai, N. 1984, sufmitted to publ. Astron. Soc

bara, H., Kato, T

Japan.
with gas and cosmic rays from the magnetized nuclear disk may be an -» Inoue, M., Aizu, K. 1984, submitted to publ

alternative possible origin for such a lobe structure. We have also found Astron. Soc. Japan

two new supernova remnants of sﬁell type, G359.0-0.9 and G359.1-0.5.

Derived parameters for the SNRs are summarized in Table 2.

-8-
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|| Table 1: Source List at 10.55 GHz with S_3 0.2 Jy/beam 3 \ i
el ’ P E 2
i1 1 i
3' i r. . S : Bl |
3 1 ) I b Sp 91 Qb S Remarks il
I S ab e (continued) =
i1 . P i 48, ;
It 1 (v ey e Ry s o ; 8  -00 15 28 1.25 3,12 8.25 1.92 i
| { IR () 11 11 0.03  0.09 0.09 i
b 358 23 49 2 -pO SL B9 0,23  2.55 3.64  0.32 SO0 =00 S8 Bl T 0298 S 2R T - ReaR - B33 il
. ol :|1 i . !
] 20 15 0.04 . 0.47 0.68 e 12, (a0 Masac - Biee $.
4 o '
1 ' 47 -00 05 18  4.06 4.48  3.33 9.17 {8
; : 358 24 12 +01 47 54  0.20 559 - 250 10 L T agiee i il
Al 20 20 0.06 0,76 0.75 ik
il
| 358 29 52 400 04 13 0.44%  5.63 4.97  1.86 R ke UG L s p D SR L i
Al il
L 358 36 33 =00 03 13  0.73 5.35 5.38 1,03 e TELUR S s . e N e A I
f&i _iE 358 37 52 +00 04 gg 3.58 2.77% 2.80 .67 13 ~00 24 30 0.57 422 2.89 1.05
.;‘1 i “: 1 '05 0-26 0.26 hd L . -
Il -3Hﬂ: 12 L4 0.08 0.49 . 0.33
1 e B
43 1 50 -00 01 40  1.24 5.43  3.98 4.06
i [ e
R 358 40 59 -00 05 28 0.38 2:14°  3.98 1.19 12 12 0.06 0.37 - 0.56
jf w 15 20 ©.0% 0325 - B.6D
BE b 51 -0 D2 5%  43.81 3.55 3.60 84.77 Sgr.A
gg i 358 38 40 +01 Ol 54  0.20 3.61  6.64 0.73 11 11 1.01 0.11 0.11
LT 47 17 0.04 0.95 2.05
S 9 +00 02 50  4.31 5,31, - 5,50 19.37
1 ‘% 358 47 12 400 08 38 - 0.45  5.26¢ 2.53 0.56 27 - 23 0.69 .21 1.19
| | 12 15 0.06 0.48 Q.38
Ll 4 -00 28 08 1.02 2,86 b33 1599
el 358 57 47 -00 43 55 0.51 18T - Zie8 0.45 12 11 0.06 0.21  0.31
(I 12 12 0:05 0:23  0.34
i 358 57 35 -00 12 05  0.20 2,93 a.33 0.31 10 -00 24 22 0.41 3:88  3.44 1.31
23 20 © 9.40 Q.79 D.88 2 17 - 003 - 0.7% 1403
9 -00 47 09  1.07 9.7 3.95 173
358 57 18 =00 00 21 ©.3% 4,54 3.0  0.55 L 12 1 008 | (DZ& @37
0.064 ) )
\ i = 13 Rgion oy AT 27 Lpo 3L 51 BB . 5,89 . 4uB3 | 3.37
j ; 159 0 41 00 Q2 42 O.kA  6.59  5.3%  2.25 17 20 0411 083 Q90
i 2 20 27 0.08 1, x
A 32 =00 47 09  0.33 T G | 873
359 9 60  -00 02 10 0.67 3,45 3.59  1.76 = 20 0.04 .26 | 1068
12 12 0.05 ! A
933 | B34 43 ~01 O 12 0.2%  2.33  3.78  0.32
359 10 60 +00 01 36  0.25 3.22 2,29 0.28 23 &  0.04 Ued? -~ e
| 17 23 0.05 0.86 0.57
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Table 1 (continued)
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Table 1 (continued)
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Figure Captions

10.55 GHz radio continuum map of the 4°x 4° region centered on

Pig.1:  105GHz, NRO 45M

the galactic center. The map has been smoothed by a 3.6' HPBW
gaussian beam. Note a large lobe structure of diameter ™ 1°

centered on 1=35977, b=0.6° which we call as the Galactic Center

Lobe (see the text for discussion). The numbers on the contours 3. £ NG D T e G011 | R

represent surface brightness at 10.55 GHz in unit of 8.65 mJy/2.6'
22

beam area, equivalently in 1.36x10 ~° W m-ZHz_lstr_lor 4.0 mK T .

Fig.2 a-q : 10.55 GHz radio continuum maps with original resolutiom of

2.57' HPBW. The mapped region is devided into 16 sectionms.

=

The unit of the numbers on the contours is the same as in figure 1.

Fig.3: Close up of a region containing two new supernova remnants of

shell type, G359.1-0.5 and G359.0-0.9 with diameters of 21' and

23", respectively. The map has been smoothed with a 3.0' HPBW

oy n,

¢ f’J"""J ‘.r"-:;(—-' T ; .‘.
"}JL:; C{lg g Y

gaussian beam, and large-scale background structures have been remoVe

by applying the background filtering method. The unit of the numbers

£3

on contours is 2.7 mK T, (=9.1x10 " W m_ZHz-lstr—l= 5.77 mJy/beam

area of 2.6' HPBW).
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