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Abstract - ' ' 

An extended and fully sampled CO survey of the first galactic quadrant 
• * * 

together with an HI .survey i s compared with the COS-B càixaa-ray survey. As 

« f i r s t s tep , the study i s limited to the f i r s t galact ic quadrant and to 

the high-energy gamma rays (E>300 KeV). I t lis found that a very simple 

model, in which uniformly distributed cosmic rays interact with the inter

s te l lar gas, can account for almost a l l the observed gatana-ray emission. 

The analysis pennies calibration of the ratio between the H_ colur.n density 

«nd the integrated CO line intensity. 
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The Columbia CO survey and die Berkeley H. survey are compared with the 
• COS-B gamma-ray survey. As a first step, the study is limited to the first galactic 
quadrant and to the high-energy gamma rays (E > 300 MeV). It is found that a 
simple model, in which uniformly distributed cosmic rays interact with the 
interstellar gas, can account for the observed gamma-ray emission. Furthermore 
if the contribution from point sources to 'the gamma-ray flux is significant, these 
sources have to have a galactic distribution similar to that of the CO emission. 

I - INTRODUCTION 
The widely observed 2.6 mm line emitted by the CO molecule (J : 1 -» 0) is a 

tracer of molecular clouds which are believed to contain a significant (Cohen et 
aL 1980) or dominant. (Solomon and Sanders 1980) fraction of the interstellar gas, 
the remaining part being well depicted by the 21 cm line. The discovery of many 
gamma-ray sources such as. the Crab and Vela pulsars has. suggested that the 
interaction of ambient cosmic rays (CR) with the interstellar gas may not be the 
only significant source of galactic gamma rays» A detailed comparison of CO and 
gamma-ray surveys should shed some light on the galactic distribution of 
interstellar gas and CRs and on the gamma-ray point source contribution. 

The COS-B satellite has given a complete picture of the Milky Way in high-
energy gamma rays (Mayer-Hasselwander et aL 1982). The 1.2 m CO-survey 
telescope at Columbia University has provided a unique opportunity to perform a 
complete CO survey with a large latitude extent of the first quadrant of the 
galactic plane (Dame and Thaddeus 1982). The completeness of this CO survey 
allows for the first time a detailed comparison of the brightness of the 2.6 mm CO 
and 21 cm H. lines with the gamma-ray intensity. This contribution presents 
preliminary results of such a comparison performed on the first galactic quadrant 
and restricted to the high-energy gamma rays (E > 300 MeV). 
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II DATA AND ANALYSIS 
The CO survey of Dame and Thaddeus (1982) has an angular resolution of 1°, 

adequate for comparison with available gamma-ray data. This wide beam allows a 
fast and complete sampling over extended- regions of the sky. The observations 
have been made from* = 11.5* to 97.5* and from b-s -5«5* to 10.5°. The spectra 
have been integrated over all velocities, yielding a- quantity hereafter referred to 
as W C Q . The H. data have been taken'mainly-from .the-21 cm line survey of 
Weaver and Williams (1973) and in smaller part (for ] b J >10°) from the medium 
latitude survey of Heiles and Habing (197*). While a spin temperature of 135°K 
has been adopted in deriving the H. column densities from the Weaver and 
Williams survey ( J b J< 10*)* the 21 cm line has been assumed to be optically thin 
for |b | > 10*. The gamma-ray data used are described by Mayer-Hasselwander et 
ai. (1982) and refer to 36 COS-B observation periods of approximately one month 
duration each. These data cover the entire galactic plane with good statistics. In 
ocder to compare the COS-B gamma-ray- map withthe radio gas-tracer surveys it 
is necessary to reduce the latter to the same angular resolution by means of a 
convolution with the point spread function (PSF) of • the COS-B experiment. One 

• 
has to stress the importance of this step and the resulting limitations : for 
example, gamma rays actually coming from b up to 18* contribute to the gamma-
ray intensity measured by COS-B at b s 9* in the lowest energy range (70 to 150 
MeV) where the HWHM of the PSF is~3.8*. Noting that the CO survey does not 
extend beyond b s 10.5*, it seems then more appropriate as a first step to restrict 
our study to gamma rays in. the high-energy domain where the COS-B angular 
resolution is the highest (HWHM of the PSF" 1.15* for E> 300 MeV). 

Since the derivation of an rL column density involves many uncertainties 
(e.g. Lequeux, 19£1), a different approach was fallowed, independent of any 
interpretation. An attempt has been made to reproduce the. observed gamma-ray 
emission by finding the best.values of the parameters A, B and C in the 
expression 

I = N / Ot * A.NH * B.W C 0 + C (1) 

where I and M are the predicted gamma-ray intensity and count, 01 is the COS-
r r 

B exposure, factor and N.. and W c - refer to the quantities obtained after 
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convolving the' H. and CO data with the PSF for E>300 MeV. Values of the 
parameters A, B and C were obtained by maximizing'the probability of obtaining 
the observed gamma-ray sky given therpredicted one. In other words the likelihood 

i,j P o , 

(where N o is the observed gamma-ray count in bin (Lj) j.the product is extended to 
the whole available sky) has-been computed: and the fA*B,C) set which maximizes 
L has been chosen as the best estimate. This procedure is> similar to that followed 
by Lebrun et ai. (1982V allowing a straightforward-comparison of the results. 

TABLE 1 
BEST PARAMETER VALUES 

This work Lebrun et aL 1982 

-25 -1 2 -I A (10 P ph at * cm' s l sr ' ) 2.81 + ° ' W 

-0.33 
• 

2.1* ±0.27 

BdO^phsr^-K^km* 1) 1 75 + ° ' 1 9 
lm/* - 0.25 

C(10"* ph s"1 sr*1) 10.9 ±1.3 8 17 +0.59 

The maximum likelihood-estimates of parameters'A, B and C are given in 
Table. 1. The predicted gamma-ray-emission for these values can be compared with 
that actually observed to judge the agreement. This can be done by examining 
figures 1. and 2. Figure la shows clearly that it is Possible to reproduce 
simultaneously the gamma-ray intensity-in directions neat the galactic center and 

, mdl away from it without invoking a CR gradient. Figure lb illustrates the iact 
that this agreement in the plane -is- maintained- at medium latitudes in all 
directions. The agreement between the latitude distributions of the observed and 
predicted gamma-ray emission for various longitude ranges is apparent in 
figure 2. It should be noted that the width of these distributions is much larger 
than the COS-B PSF and that the asymmetries'around the plane are also 
reproduced. 
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Figure 1. Longitude profiles of the observed gamma-ray emission for 
E>300 MeV (error bars) compared with that expected from CO plus H. 
(solid line) and from H. alone (dotted line). The included background level 
B Is indicated by the interrupted line. 
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Figure 2. Latitude profiles of the observed gamma-ray emission for E>300 MeV (error bars) compared with 
the one expected from CO plus H. (heavy line) and from H, (dotted line). The light line shows the profile 
expected from emission at b = 0* normalized to the gas tracera expectations. 
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m DISCUSSION 
When-performing a multi-linear regression, one-has to ensure that the 

. variables are linearly independent. The advantage of^the likelihood-ratio method is 
that the uncertainties derived for each parameter take into account the degree of 
dependence of the variables. In the present context it appears that W__. and N u 

i A j r i -

are practically linearly independent. This-is illustrated in figure 1, where the 
gamma-ray emission expected from H. alone is shown as the dotted line. Clearly 
this curve is not similar to the one expected from both H. and CO. The good 

. agreement obtained between the gamma-ray intensity and the gas tracers might 
seem surprising bearing in mind that the interstellar-medium is transparent f^r 
gamma rays whereas the CO line is typically optically thick. However because of 
the differential galactic rotation, • dumpiness of the molecular clouds and the r 
typically narrow lines in the individual cloudlets, shadowing of one cloud by 
another is unlikely. W C Q can then be considered-as a' tracer of the number of CO 
clouds along the line of sight. From this point of view the similarity between the 
distribution of gamma rays and that of the clouds may suggest that, in first 
approximation, the gamma-ray emission per cloud is uniform. This likely means 
that the gas mass and the CR density- inside the clouds do not vary by large 
amount from cloud to clouoV Moreover the goodness of the fit indicates that if 
localized sources contribute significantly-to the gamma-ray emission, their global 
contribution is well represented by one of the right hand terms of eq.(l). Since the 
gamma-ray. sources distribution has . the same- characteristics as the young 
population of the galactic disk (Swanenburg et ai. 1981), their contribution is 
likely represented by that of the CO emission. 
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