
CONTENTS 

CHAPTER 6 

THE GALACTIC PLANE 

6.1 THE GALACTIC PLANE AT 2' RESOLUTION 

Absorption in the Galactic plane ............ 6.1 

The warp of the Galactic plane .............. 6.3 

6.2 GALACTIC PLANE AT THE FULL RESOLUTION 

Signal-to-noise ratio in the maps ........... 6.4 

The paucity of point sources towards 
the inner Galaxy ............................ 6.4 
Discrete absorptions in the 
Galactic plane .............................. 6.5 

6.3 DISCRETE ABSORPTIONS-A DISCUSSION 

Distances and the electron densities 
of the absorption features ................., 6.6 
Comparison with optical nebulosities ........ 6.9 

Galactic ridge recombination lines .......... 6.13 

Discrete absorptions seen at 34.5 MHz 
and their relation to GRRLs ................. 6.14 

What are the discrete absorptions ? ......... 6.16 

Conclusions ................................. 6.19 

REFERENCES ........................................ 6.21 



Chapter 6 

THE GALACTIC PLANE 

In this chapter we shall discuss the galactic plane within 

+lo0 of the galactic equator. Section 6.1 deals with some of the - 

large scale features seen on the map smoothed to 2O resolution; we 

shall also make a comparison with the 408 MHz map. The galactic 

plane maps at the full resolution of 26:33$ec( 6 -14O.1) are 

presented in section 6.2. In Section 6.3 we shall make some 

detailed comments about the discrete absorptions seen at 34.5 

MHz, their optical correspondences and their possible 

contribution to the galactic ridge recombination lines. 

6.1 THE GALACTIC PLANE AT 2O RESOLUTION 

The galactic plane from 1 = o0 to 1 = 260°and within I b l <  20° 

is shown in Fig. 6.1. In order to highlight the large angular 

scale structures we have smoothed our 34.5 MHz maps to 2O 

resolution. Figure 6.2 is the 408 MHz map at a similar 

resolution of the same region. The data for the 408 MHz map was 

obtained from the all-sky survey of Haslam et al. (1982). We 

indicate below some of the interesting features that we see in 

the 34.5 MHz map and the inferences one can draw when a 

comparison is made with the 408 MHz map. 

6.1.1 Absorption in the Galactic plane 

A comparison of the two maps shows that there is 

considerable absorption at 34.5 MHz in the inner Galaxy. Although 

for I bl> 5' the density of contours is about the same in both the 

maps, the ridge of emission, around b = oOseen prominantly in the 



408 MHz map is absent at 34.5 MHz (This is an effect analogous to 

chopping off the top of the hill). No such effect is evident in 

the outer Galaxy. 

This qualitative picture is quantified in the figures 6.3 

and 6.4. Figure 6.3 shows the normalised brightness temperature 

at 408 MHz at 1 = looas a function of the galactic latitude 

(solid line). The crosses indicate the corresponding values at 

34.5 MHz. Both profiles agree around lblz320°for a temperature 
34.5 

spectral index between 408 MHz and 34.5 MHz, = -2.7 
408 

( temperature oc frequency A ) But for 1 b l < 5 O  it can be seen 

that there is considerable absorption at 34.5 MHz. Figure 6.4 
34- 5 

shows a similar exercise done at 1 = 180: The value of Ij used 
408 

here to scale the 408 MHz temperatures is -2.55. It can be seen 

that in these directions there is no significant absorption at 

34.5 MHz. 

A more detailed picture is borne out by the temperature 

spectral index map obtained between 34.5 MHz and 408 MHz. In the 
34.5 

longitude range oO< 1 < 30° ,%8> -2.5 for Ibl < 3', and becomes 

34.5 
steeper ( p  = -2.7) as one moves away from the plane. From 1 = 

408 

30' to 1 = 50°, the width of the region of flatter temperature 

spectral index narrows down to Ibl < lo . Beyond 1 = 50°, no such 

effect is apparent - i.e. there is no systematic change in the 

temperature spectral index as a function of the Galactic 

latitude. Reich and Reich (1988) have obtained a temperature 

spectral index map of the Galaxy between 1420 MHz and 408 MHz. 

In the longitude range oO< 1 < 90: the temperature spectral 

40 8 
index, p , is very close to -2.7 and does not have any 

1420 

systematic variation with the Galactic latitude. This compared 



Fig. 6.3: Absorption of the galactic background a t  low frequencies in the  inner Galaxy. 
The solid curve represents  the  norrnalised brightness temperature profi le  
a t  408 MHz obtained from the  2' convolved map. The crosses  represent  the  
brightness temperoature profi le  at 34.5 MHz. Both the  profi les roughly match 
around l b (  5X 20 with a temperature spec t ra l  index of -20.7 between 408 
MHz and 34.5 MHz. Both the profi les were obtained a t  1 = 10 . 
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with our results is indicative of absorption at low frequencies 

in the plane of the Galaxy. 
408 

Towards the Galactic anticentre direction, q4- = -2.7 but 

p34'5= 408 -2.5. However, in this direction there is no systematic 
34.5 

latitude variation of P and hence seems difficult to interpret 
40 8 

the flatter spectral index at lower frequencies as due to 

absorption. One is thus forced to interpret this in terms of a 

break in the spectrum of the background radiation in the 

anticentre direction. 

6.1.2 The Warp of the Galactic plane 

Figure 6.1 also shows that the 'plane of the Galaxy' as 
0 

defined by the centroid of emission does not always lie at b = 0, 

but wanders. Between 1 = 75O and 1 = 90° , the centroid deviates 

from b = o0 by as much as +50 Between 1 = 165O and 1 = 195: 

the galactic plane is again not coincident with b = oO; here the 

centroid shifts to b = -5O. This 'warp' can also be seen clearly 

in the 408 MHz map shown in Fig. 6.2 (Salter C.J.; personal 

communication). Since most of the emission in these longitude 

ranges is presumably from the External (Perseus) arm, it is 

tempting to suggest that perhaps the External arm is tilted with 

respect to the rest of the disc of the Galaxy. The warping of 

the disk of our own Galaxy and of external galaxies is also well 

known from neutral hydrogen observations (Kerr 1957; Sancisi 

1976). Further studies correlating both the neutral hydrogen 

distribution and the non-thermal emission should throw more 

light on the nature ofthe warp. 



6.2 GALACTIC PLANE AT THE FULL RESOLUTION 
0 

This section contains maps of the Galactic plane (510 ) at 

the full resolution of GEETEE. Alongside each 34.5 MHz map, the 

corresponding 408 MHz map is also given for easy comparison. 

Contour levels and labelling are as explained in chapter 4. The 

part of the galactic plane lying between 1 = 105' and 1 = 135O is 

not included since the presence of the residual sidelobes of 

Cas A in that region have rendered the map unusable. 
) 

The resolution of the 34.5 MHz maps is 21' x 33sec( 6 -16 1) 

and the point sources display this elliptic beam. In addition, as 

one moves along the plane, the orientation of the beam changes as 

' 
expected. The 408 MHz maps have a resolution of 51 x 51 . 

6 .2 .1  Signal-to-noise ratio in the maps 

To estimate the signal to noise ratio (S/N) in the two maps 

(34.5 MHz and 408 MHz) of the same region, consider, for example, 
0 

the map centered at 1 = 150. The value of the background at b = 
4 

+lo0 is =! 2.3xlOKat34.5MHzandS40K at 408 MHz. The 

system noise in the 34.5 MHz map issl.6Jy (or z 700 K) implying 

a S/N ofs30. Convolution of the 34.5 MHz map to the resolution 

of the 408 MHz map improves the S/N from 30 to 40. In the 408 MHz 

map, the system noise is e 0.7K (C.J. Salter, personal 

communication) implying a S/N of = 60. Thus, there is no 

significant difference in the S/N ratios in the two maps; this is 

confirmed by the similar appearence of the two maps when 

I J 
convolved to the same resolution of 51 x 51. 

6.2.2 The paucity of point sources towards the inner Galaxy 

Point sources can be recognised on the 34.5 MHz maps by the 
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orientation and size of the antenna beam they display. In this 

context 'point sources' are those whose angular sizes are small 

compared to the full width at half maximum of the main beam of 

the telescope. Most of the point sources on the maps are extra- 

galactic sources (these are marked in pink colour on the maps 
0 0 

centered at 1=240 and 1=30 ) .  As one moves from the outer Galaxy 

to the inner Galaxy the number density of sources seen within the 

+lo0 latitude range decreases dramatically. Compare, for - 

example, the map centered at 1 = 240° with that centered at 1 = 

30°. There are z50 point sources in the map shown centered at 1 = 

240' while there are only 2 point sources in the map centered at 
0 

1 = 30 . Even after allowing for the slightly increased noise 

towards the Galactic plane, the difference is very large. This is 

again indicative of the absorption in the disc of the 'Galaxy. 

6.2.3 Discrete absorptions in the Galactic plane 

As may be seen from the 34.5 MHz maps the equivalent black- 

body temperature of the non-thermal background ranges from 20,000 

K towards the Galactic anticentre direction to 100,000 K towards 

the Galactic centre direction. The typical temperatures of HI1 

regions lie in the range of 5000 K - 10000 K. Thus, under 

suitable circumstances (as will be described in the next section) 

the cooler HI1 regions appear in absorption against the hotter 

background. This phenomenon occurs predominantly at low 

frequencies. For example, an HI1 region with an electron 

temperature of 5000 K and an emission measure of 1000 ci6 pc has 

an optical depth of 1 at 34.5 MHz. As one moves to higher 

frequencies, the background temperature falls very rapidly and 



the HI1 regions are seen in emission, At 408 MHz, for example, 

the galactic background varies from 40K to 400K and the HI1 

regions appear in emission. 

Several discrete absorption features can be seen in the 34.5 

MHz maps - predominantly in the longitude ranges of 345O< 1 < 50° 

and 200°< 1 < 250°. They can be recognised by the contour labels 

or arrows going clockwise (these are highlighted in yellow for 

easy recognition). The same sources can be seen in emission in 

the 408 MHz maps. The inner Galaxy is characterised by deep 

absorption features, while the outer Galaxy has only weaker 

ones. The absorption features towards the inner Galaxy are 

discussed in detail in the next section. 

6.3 DISCRETE ABSORPTIONS - A DISCUSSION 

We would like to focuss our attention here on the prominant 
0 

absorption features that are seen in the longitude range 345 < 1 

< 40°, and in the latitude range I bl < 50. Table 6.1 gives the 

observed parameters for all these absorption regions. Table 6.2 

gives their associated optical nebulosities and their distance 

estimates. 

6.3.1 Distances and the electron densities of the absorption 
features 

One can estimate the limits to the electron densities and to 

the distances of the sources that produce the discrete 

absorption features from the fractional absorptions that we see 

against them, Consider the following two equations: 



Table 6.1 Observed angular sizes (corrected for beam broadening) and 
average fractional absorptions of the discrete absorption 
features seen in the inner Galaxy. Sizes arg as measured 
along r.a. x dec.. The size in dec. of 0.8 is only an 
upper limit as in these cases there is no significant beam 
broadening. Galactic coordinates refer to the centroid of 
the absorption feature. 

1 b size Twf (AT ) 
4 

(deg. (deg. (deg. (10'~) (10 K) 



Where, 

Toff is the observed brightness temperature outside the 
source (absorption feature or the HI1 region), 

To, is the observed brightness temperature on the source, 

T b  is the contribution from behind the HI1 region, 

T f  is the contribution from the near side of the HI1 
region, 

7 is the free-free optical depth of the HI1 region, and 

T, is the electron temperature of the HI1 region. 

From equations 6.1 and 6.2 we find, 

Assuming uniform emissivity for the galactic non-thermal 

background, we get, T,,q = K x L where, K is the non-thermal 

-1 emissivity of the galactic background (in, say, K pc ) and L is 

the total length of the Galaxy along the line of sight (in pc).If 

the distance to the HI1 region is d, then, 

If the solid angle subtended by the HI1 region is Rs and that 

of the beam is flbeam, then, 

f o r  lls > nbam ( 6 . 6 )  



The f r e e- f r e e  o p t i c a l  dep th  is g iven  by (Altenhoff  et al. 1960),  

where, 

T, is t h e  e l e c t r o n  tempera ture  i n  K ,  

V is t h e  frequency of  obse rva t ion  i n  GHz, 

-3 
n, is t h e  e l e c t r o n  d e n s i t y  i n  c m ,  and 

1 is t h e  th i ckness  of  t h e  gas  i n  pc. 

Thus, given a c e r t a i n  l i n e a r  s i z e  of t h e  HI1 reg ion  and its 

d i s t a n c e ,  A T  can be c a l c u l a t e d  f o r  a g iven  To++, T, and n,  . I t  

f o l lows  from eqs.  ( 6 . 4 ) ,  ( 6 . 5 )  and ( 6 . 6 )  t h a t  t h e  p r e s e n t  survey 

w i l l  be  more s e n s i t i v e  t o  t h e  nearby b igge r  HI1 reg ions ,  

s i n c e  t h e  e f f e c t s  of beam d i l u t i o n  and foreground emission w i l l  

be  less important  f o r  t hese .  

F igures  6 .5 ,6 .6  and 6 .7  show curves  of  c o n s t a n t  ( A T ) o b s / T o ~  

as a func t ion  of t h e  s i z e  of t h e  HI1 reg ion  and its d i s t a n c e  from 

-3 -3 
t h e  sun f o r  t h r e e  d i f f e r e n t  e l e c t r o n  d e n s i t i e s  - n,= 4 cm , 8 cm 

-3 
and 16 cm . An e l e c t r o n  temperature of  8000 K has  been assumed 

5 
i n  a l l  t h e s e .  These curves  a r e  drawn f o r  a To# = 10 K and a r e  

a p p r o p r i a t e  f o r  most of t h e  HI1 r eg ions  l i s t e d  here .  I f  t h e  

e l e c t r o n  d e n s i t y  is increased  f u r t h e r ,  excep t  f o r  a crowding of 

t h e  curves  near  t h e  bottom l e f t  hand co rne r  of  t h e  p l o t ,  it 

remains e s s e n t i a l l y  una l t e r ed .  The t h r e e  broken l i n e s  r ep re sen t  

t h e  r e l a t i o n  between t h e  l i n e a r  s i z e  and t h e  d i s t a n c e  f o r  t h r e e  

angu la r  d iameters  of 6 5 ,  and 2O . I t  can be seen  from Table 

6 .1  t h a t  most of  t h e  H I 1  r eg ions  have angu la r  d i ame te r s  i n  t h i s  

range. 



3 0 0  
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Fig. 6.5:  Curves of fractional absorption (computed on the  basis  
of the  eqs.  6 .5  and 6 . 6 )  a s  a function of the  distance 
to the  HI1 region and i t s  l inear si3e. These curves 
a r e  appropr ia te j  for  a T f f  = 10 K .  Te = 8000 K 
and n = 4 cm' . The b ro t en  l ines represent  the 
l imi ts  eon the  s i z e s  and distances a s  implied by the  
observed angular s i zes  of the  d i sc re te  absorptions 
seen on our map. Most of these  absorptions a r e  also 
within 3 kpc from the  sun a s  implied by t he i r  
correspondences with t he  H 4: nebulosities. 
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- 3 
Fig .  6 .6 :  Same as Fig. 6.5 but f o r  an ne = 8 crn 
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- 3 Fig. 6.7:  Same a s  Fig.  6.5 but for an ne = 16 cm 



An examination of the last colouan of Table 6.1 shows that 

in the majority of cases the observed value of < A T>/T,ff is 

greater than 0 . 4 .  Using these as constraints one can conclude 

that the electron densities in most of these HI1 regions must be 

> 8 ci3 (see figures 6 . 5  - 6 . 7 ) .  These figures also show that the 

HI1 regions with <AT>/TOH > 0 . 6  must be within 6 kpc from us. 
5 

In making the above estimates we have assumed Tog= 1 0  K .  If 

4 
To+-$ is smaller (ex. 2 - 5  x 10 K) then it follws that even the 

HI1 regions with smaller values of <bT>/TOff ( > 0 . 3  ) must be 

within 6  kpc. 

6.3.2 Comparison with optical nebulosities 

Table 6.2 lists the optical nebulosities that are most 

likely associated with the HI1 regions seen in the 3 4 . 5  MHz maps. 

Rodgers, Campbell and Whiteoak (RCW) have published a catalogue 

of the emission regions in the southern milky way (Rodgers et al. 

1 9 6 0 ) .  The RCW numbers refer to the source numbers in that 

catalogue. About half the number of the HI1 regions seen by us 

have associated RCW sources. The positional coincidence in 

almost all cases is better than 0q5 . The distances to several 

of these RCW sources are known through the work of Georgelin and 

Georgelin ( 1 9 7 0 ) ,  who have estimated the distances to the 

exciting stars associated Gith the RCW sources. These distances 

are also quoted in Table 6 . 2 .  It will be seen that wherever the 

distance estimate is available it is less than 3  kpc. This is to 

be expected since extinction due to dust precludes our seeing 

diffuse optical nebulosities far away. Apart from the formal 

coincidences of the RCW sources that are quoted in Table 6.2, a 



Table  6.2 O p t i c a l  co r respondences  o f  t h e  d i s c r e t e  a b s o r p t i o n s  obse rved  
a t  34.5 MHz. RCW r e f e r e s  t o  Rodgers e t  a1 . (1960)  and S i v a n  
r e f e r s  t o  S ivan  ( 1 9 7 4 ) .  D i s t a n c e s  a r e  from George l in  and 
George l in  (1970) .  The g a l a c i t c  c o o r d i n a t e s  r e f e r  t o  t h e  
c e n t r o i d  of t h e  d i s c r e t e  a b s o r p t i o n  observed a t  34.5 MHz. 

1 b  RCW no. o p t i c a l  s i z e  d i s t a n c e  S ivan  
(deg .  1 (deg .  (min. of  a r c )  ( kpc 



general statement can be made regarding the HI1 regions in the 

'34.5 MHz map and the RCW sources. There are a total of 50 RCW 

sources in the longitude range 345O< 1 < 40°. Out of these 40 

of them fall well within the boundaries of the absorptions. 

Furthermore, every discrete absorption at 34.5 MHz has at least 

one RCW source in it. While we are aware that not all RCW 

sources need be HI1 regions (some of them, like RCW 86, for 

example, are supernova remnants) their positional coincidence 

with the absorption features can be taken to indicate that the 

majority of the RCW sources are HI1 regions, and that these are 

fairly nearby. Ten of the RCW sources which do not have any 

I 
associated absorption have angular diameters of 2 1 0  and are not 

expected to produce any detectable absorption. 

Sivan (1974)  has made a very-wide-field photographic H a  

survey of the milky way. This survey has detected many new 

extended areas of faint diffuse emission associated with the 

local and the Sagittarius arms. Assuming the temperature of the 

emitting gas to be 6000 K and making no extinction correction, 

Sivan estimates the limiting emission measure of his survey to be 

less than 30 cm6 pc. The distances to several of these bright H a  

emission regions are known. If a correspondence between the Ha 

emission patches and the 34.5 MHz absorptions is made firmer we 

will be able to get distance limits to more of the discrete 

absorptions than was possible with the RCW sources. 

0 

A comparison of the 2 resolution maps at 34.5 MHz and 408 

MHz shows that the emission seen at 1 = 173O and b = - 2 O  on the 

408 MHz map is absent on the 34.5 MHz map (Fig. 6.3 and 6.4) 

indicating that it is a region of flat spectrum (compared to the 



background emission). The higher resolution maps at 34.5 MHz 

show absorptions in this region. The HOcphotograph of Sivan 

shows a bright Haemission patch at the same position with very 

little H a  emission outside of this region. This agreement is 

unlikely to be a coincidence. 

In addition, we reproduce in Table 6.3 the coordinates, 

sizes and distances of the newly discovered regions of faint H a  

emission (Table 2 of Sivan 1974). The H a  emission regions in 

this table with numbers 1,8,9 and 11 are clearly seen as 

absorption regions in the 34.5 MHz maps (see maps in Chapter 4 

for regions 8 and 9). The regions 3,4 and 10 show an indication 

of absorption in the 34.5 MHz maps (see maps in Chapter 4). 

Region 2 falls in the disturbed region due to Cas A.  Regions 5,6 

and 7 do not show indications of absorption. The trend is clear. 
' 
Only the three smallest regions have not been seen in the 34.5 

MHz maps as absorptions. This, of course, is a question of 

sensitivity. The rest have been seen. In addition, in all those 

cases where the distances are available to the faint HOLemission 

regions, they are all less than 2 kpc (Table 6.3). 

With this background, we have made a comparison between 

Sivan's H maps and our 34.5 MHz maps in the inner Galaxy (oO< 1 

< 40' , I bl< 5O ) . We find a good agreement between the bright 

patches of emission in the H E  pictures and the 34.5 MHz 

absorptions. This is shown in Table 6.2 (Y indicates coincidence 

and N indicates no enhanced HOLemission - see last coloumn). 

Wherever we see emission regions in our 34.5 MHz maps there is 

very little Haemission. While there is a practical difficulty 



Table 6.3 Coordinates, sizes and distances of the newly 
discvered regions of Ha emission [ reproduced 
from Sivan (197411. The equatorial coordinates 
were computed by us for easy reference to the 
present survey maps. 

No. Galactic coordinates Equatorial Angular Distance 
of the apprpximate coordinates size 
centre (1950) (arc min) (PC) 



in quantifying the agreement in the positions of the 34.5 MHz 

absorptions and the HOcemissions due to the diffuse nature of 

the latter, the similarity of patterns in the two maps is quite 

evident. From Table 6.2 it seems reasonable to conclude that 

almost all of the HI1 regions in our map have optical 

counterparts. This suggests that these HI1 regions are not too 

far from the Sun ( <  3 kpc). 
0 

It is interesting to note that in the longitude range 1 = 22 

to 32' where we see several absorption features there are no 
0 

optical nebulosities over extended regions (say, 1 ) like those 

commonly found in the longitude range 345O < 1 < 20: On the basis 

of the discussions in 6 . 3 . 1  we think that the absorption features 

seen in the range 22'< 1 < 32Oare also close by ( < 6 kpc) and 

that the poor optical correspondence might be due to severe 

extinction in this direction. It is interesting to note that the 

0 0 

molecular cloud known as 'Acquila Rift' extends from 18 < 1 < 44 

and -6O < b < t10~and is 200 pc from us (Dame et al. 1987). 

The above conclusion, namely that most of the HI1 regions we 

see in absorption are within 3 kpc of the sun, can be used to 

further constrain their linear sizes and electron densities. 

Most of the HI1 regions seen in our maps will have to be inside 

the triangle bounded by the line corresponding to 3 kpc distance 

and the two lines for the two angular diameter limits (Figures 

6.5, 6.6 and 6.7). It can beseen fromFig. 6.6 that an 

-3 
electron density of 8 cm is consistent with the observed range of 

<AT>/T,ffof 0.4 to 0.8 allowing for a range in the distances to 

the HI1 regions of < 3  kpc. A larger electron density of 16 ci3 

(Fig. 6.7) will be consistent only if the HI1 regions are in a 



narrow range of distances - between 0.5 kpc and 1 kpc. Given a 

distance range of < 3 kpc and angular sizes of 0O.5 to 2O it 

follows that most of these HI1 regions have linear sizes of 20 - 
-6 

80 pc and emission measures from 2000 - 8000 pc cm . 
6.3.3 Galactic ridge recombination lines (GRRL) 

Radio recombination lines of hydrogen from directions in the 

galactic plane which are free of discrete continuum sources were 

observed more than 20 years ago by Gottesman and Gordon (1970). 

Since then a number of observations have been made mainly at 

centimetre wavelengths (Jackson and Kerr 1971; Gordon and Cato 

1972; Mathews, Pedlar and Davies 1973; Jackson and Kerr 1975; 

Mebold et al. 1976; Lockman 1976; Hart and Pedlar 1976b). More 

recently recombinaton line has been observed at metre wavelengths 

(Anantharamaiah 1985a; 1985b). There appears to be a consensus 

that these lines originate from warm ionised gas in weak or 

evolved HI1 regions or in the outer envelopes of normal HI1 

regions (Mathews, Pedler and Davies 1973; Jackson and Kerr 1975; 

Hart and Pedlar 1975a; Shaver 1976; Lockman 1980). 'Normal' HI1 

regions, in the present context, are those thermal sources which 

can be identified as discrete sources in the continuum surveys of 

the galactic plane like, for example, the 5 GHz survey of 

Altenhoff et a1 (1978). Based on the H272W survey (at 325 KHz) 

of the galactic plane (Anantharamaiah 1985a,b) and the surveys in 

H166CL (Hart and Pedlar 1976a,b; Lockman 1976) and H109Cc (Downes 

et al. 1980), the following five points were made by 

Anantharamaiah (1986) for the origin of the GRRLs: 



1) In the first quadrant of the Galaxy, in the longitude range 1 

< 40°, the H272Kline is detected in every direction observed - 
9 against SNRs, 6 in blank regions (i.e. no normal HI1 region in 

the observing beam) and 25 against normal HI1 regions. Beyond 1 

= 40; the lines have been detected only towards two strong 

sources W49 and W51 (there were a total of 8 directions in the 

range 40' < 1 < 60°centred around b = 0* ). 

2) The gas responsible for the GRRL has electron temperatures of 

5000 - 8000 K, emission measures of 3000 pc ci6and path lengths 

of 50 - 200 pc. 

3) There is a general agreement between the longitude-velocity 

diagrams constructed with H2720C, H166Cc and H109OL lines. 

4 5 
4) The high emission measure (10 -10 pc cm6 ) , small diameter 

(few arc min) H109a sources cannot produce any appreciable 

H2720C emission due to the large optical depth, pressure 

broadening and beam dilution effects at 325 MHz (the beam size 

0 
was 6 x 2 in the observations by Anantharamaiah 1985a,b) 

5) Most of the GRRLs arise in low density envelopes of 

conventional HI1 regions, whose compact cores give rise to 

H109CL. 

6.3.4 Discrete absorptions seen at 34.5 MHz and 

their relation to GRRLs 

In this section we would like to explore a different 

viewpoint viz., how much of the GRRLs can be accounted for by the 

discrete absorptions that we have observed. We.would like to 



relate our observations to the H2720C, H1660c and HI096 

observations of the galactic plane. 

The following common points between 34.5 MHz absorptions and the 

GRRLs are worth noting: 

1) In the first quadrant of the Galaxy both the absorptions and 

the GRRLs are seen only in the range of 0' < 1 < 40°. 

2) For an assumed electron temperature of 8000 K, the emission 

measures and the sizes of the HI1 regions as implied by the 34.5 

MHz absorptions are similar to those derived from the GRRLs. 

3) There is a qualitative agreement between the intensity of the 

H166a line as a function of the Galactic longitude and the 

presence or absence of deep absorptions seen at 34.5 MHz. : The 

HI66 surveys done by Lockman (1976) and Hart and Pedlar (1976b) 

J J ) 
have half power beamwidths of 21 and 31 x 33 respectively. This 

is very close to'the resolution of the present survey. A look at 

figure 6.8 shows maxima in the intensity of the H166a line at 

longitudes of 70, 14; 25: 31°, 38Oand minima at longitudes of 20' 

and 36: As can be seen from our maps, these positions correspond 

to deep and shallow absorptions. 

Both at 1 = 358' and 1 = 2O there is very little H166a 

emission (Lockman 1976). These two regions are seen in emission 

on the 34.5 MHz map separated by a deep absorption at 1 = o0 where 

strong H1660c emission is seen. 

4) Most of the directions in which the H 272Cclines have been 

detected also coincide with the direction of one or more of the 

discrete absorptions seen at 34.5 MHz. 



GALAC T lC LONGITUDE 

Fig. 6.8:  The intensity of the  HI66 & l ine,  ' /T d 9 , a s  a 
function of galactic longitude derived %om spectra  
seperated by lo along the  galactic plane (reproduced 
from Hart and Pedlar (1976b) ) .  



Based on these points we wish to suggest that most of the 

GRRLs originate in the ionised gas that is seen in absorption at 

34.5 MHz. Since the considerations outlined before suggest that 

the gas responsible for the absorption at 34.5 MHz is nearby (63 

kpc), this implies that most of the GRRLs also originate in this 

nearby gas. 

But do all the GRRLs originate in the nearby HI1 regions? 

It does not appear so. A close look at the 1-V diagram (Fig. 

6.9) reveals that except for the 100 km s1 feature in the 
-1 

longitude range of 25O to 35O, most others are 4 50 km s. The 

Schmidt model of galactic rotation implies a 'near' distance of 

4 kpc for the lower velocity branch of the 1-V diagram. Thus 

most of the lower velocity branch can be explained by the 

absorptions seen in the present survey. But the higher velocity 

gas has to have a different explanation. 

Gas at 100 km &'has been seen in the longitude range 2z0< 1 

< 32O in the H1090L, H166Cc and H272CC line observations. The 

Schmidt model'of galactic rotation puts this gas at around 8 kpc 

from us. In these longitude ranges one is looking along the 

length of the Scutum arm and picking up several discrete HI1 

regions and diffuse gas in the spiral arm present along the line 

of sight. Due to its distance we don't expect to see this gas in 

absorption in the low frequency observation. 

6.3.5 What are the discrete absorptions ? 

We would like to briefly discuss here the discrete 

absorptions that we see at 34.5 MHz in relation to the compact 

HI1 regions of the kind found in the high frequency continuum 



surveys like for example the 5 GHz survey by Altenhoff et al. 

(1978). This survey covered the Galactic longitude range of o O <  

1 < 60°and lbl< 00.5. Most of the HI1 regions identified in this 

1 
survey are compact with angular sizes ofZ5. These compact HI1 

regions can not produce any significant absorption on our 34.5 

MHz maps due to the large beam dilution they suffer. 

If all of these compact HI1 regions have envelopes around 

them as has been postulated by Lockman (1980) and Anantharamaiah 

(1986) then such extended HI1 regions may not suffer from beam 

dilution in our observations. Further, they would produce 

absorptions at 34.5 MHz provided there is not too much foreground 

emission, i.e. if they are sufficiently near by. Let us see 

whether there is any observational evidence to this. 

Recently Lockman (1989) has made an extensive survey of 

radio recombination lines from nearly 500 continuum sources in 

the longitude range 350°< 1 < 250: He was able to detect the 

H850L, H870cand H880c recombination lines from 462 sources. 

(a) '390 of these sources are in the longitude range o0 to 90: 

Most of these are in the latitude range Jbl lo. Let us assume 

that these compact HI1 regions have extended envelopes around 

them ( =: 50 - 200 pc) as has been postulated in the literature. 

As was argued above one would expect the near by ones ( ,< 3 kpc) 

to produce significant absorption. Unfortunately, there are no 

reliable distance estimates to these HI1 regions; because of the 

distance ambiguity in this quadrant there is an estimate of the 

'near' distance and the 'far' distance. If most of these HI1 

regions are at the 'far' distance (i.e. =: 11 to 15 kpc) then one 



would not expect to see them in absorption. However, this is 

unreasonable because in this case many of these HI1 regions would 

have to be ~ 2 5 0  pc from the plane. Hence, at least some of 

these sources have to be at their 'near' distance ( ~ 3  kpc), and 

hence produce discrete absorption features. However, as can be 

seen from our maps there is very little absorption beyond 1 = 32O 

(in this quadrant). Hence it is difficult to reconcile with the 

picture in which all of the sources have extended envelopes. 

(b) Let us continue with the comparison with Lockman's 

observations (1989) beyond 1 = go0. Unfortunately, in the range 

1= 90' to 150° meaningful comparison is made difficult due to the 

residual sidelobes of Cas A. Beyond this region (150°< 1 < 250° ) 

and \bl < 10~Lockman (1989) has detected H87a line from 18 

sources. Of these, only 3 are in the directions where we see 

absorption. That still leaves 15 directions in which we do not 

see absorptions. This could in principle be reconciled if & of 

these are well beyond 3 kpc. Even if one grants this there is an 

additional difficulty. In this longitude range there are 6 

discrete absorption features in the 34.5 MHz map and there are no 

H87Cc sources in these directions. 

We have just seen that there are directions in which both 

H87a line emitting gas and discrete absorptions at low 

frequencies are seen. If one accepts the hypothesis that these 

absorption features are in fact produced by the envelopes of 

compact HI1 regions then one can get limits on the sizes of these 

envelopes. Most of these discrete absorption features are ~ 1 9  

Since the gas producing this absorption will have to be located 

within r;: 3 kpc it followS that if this gas has to be associated 



with the envelopes of HI1 regions then these envelopes can not be 

much bigger than 50 pc. However, as was mentioned before the 

model in which the H1660cand the H272Uline emitting gas is 

identified with the envelopes, the linear sizes of these 

envelopes have to be in the range of 50 - 300 pc (Lockman 1980; 
Anantharamaiah 1986). Even a conservative size o f ~ 1 5 0  pc for the 

envelope will imply an angular size of z 3 O  for the absorption 

features. Such extended absorption features are not present in 

our maps. 

Faced with these difficulties, we have looked for an 

alternative picture to account for the discrete absorptions seen 

by us. We feel that these may be due to old and evolved HI1 

regions and may not be related to the general population of 

compact HI1 regions. At first sight this might be in conflict 

with the apparent agreement between the velocities of H109Cc, 

H166CX and H2720c lines (Fig. 6.9). In our opinion this may not 

be a serious problem. As has been pointed out by Lockman (1976) 

and Anantharamaiah (1985a), the H166Kand H272alines are broad, 

weak and may have multiple velocity components. Thus, it is not 

at all clear how much of H1660c and H272a line source is 

associated with the H1090Cline source. It is conceivable that a 

nearby, diffuse gas can give rise to H166CLand H272fXlines while 

not contributing to HlO9OLline. 

6.3.6 Conclusions 

1. Discrete absorptions seen at 34.5 MHz must be due to nearby 

( <  3 kpc) , extended (20 - 100 pc) and low density ( 10 c i 3  ) HI1 

regions. It should be noted that even the upper limit to the 



lo" 

Radial Velocity (krns-'1 

Fig. 6.9: Longitude - velocity diagram of the recombination 
lines HZ72 d (horizontal l i ne s ) ,  HI66 (contours) 
and H l l O  a ( dots ) . The horizontal lines indicate 
the observed half-power width of the H272 CY, lines. 
The data for the three lines a r e  taken from 
Anantharamaiah (1985a), Lockman (1976 ) and Downes 
e t  a l .  (1980) respectively. This figure is reproduced 
from Anantharamaiah (1986). 



linear sizes of these regions is less than that proposed by 

Anantharamaiah (1986). 

2. The low velocity ( I 50 kn s1 ) Hl66OL and H272 0L recombination 

lines can easily be accounted for by such HI1 regions. 

3. Our interpretation of the discrete absorptions observed at 

34.5 MHz has thrown considerable doubt on the core-envelope 

picture of the HI1 regions at least as applied to the origin of 

the GRRLs. In our opinion the GRRLs may originate in old, 

evolved HI1 regions. 
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