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1. Introduction 

EGRET, the high-energy 7-ray telescope on the Compton Gamma-Ray 
Observatory, has the sensitivity, angular resolution, and background rejec-
tion necessary to study diffuse 7-ray emission from the interstellar medium 
(ISM). High-energy 7 rays produced in cosmic-ray (CR) interactions in the 
ISM can be used to determine the C R density and calibrate the C O line 
as a tracer of molecular mass. Dominant production mechanisms for 7 rays 
of energies ~30 MeV-30 GeV are the decay of pions produced in collisions 
of C R protons with ambient matter and Bremsstrahlung scattering of C R 
electrons. 

Studies of diffuse 7-ray emission with E G R E T are perhaps the best way 
to derive X = N(ll2)/Wco- Methods for determining X require indirect 
determinations of molecular column density, such as dust optical depth 
measurements or virial mass calculations. These methods require assump-
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tions, such as single, uniform dust temperatures, or virialized clouds, often 

of questionable validity. The assumptions involved in adopting 7-ray inten-

sity as a tracer of column density, that high-energy CRs uniformly penetrate 

atomic and molecular gas and that molecular clouds do not contain 7-ray 

sources distributed like the molecular gas, are less serious and more widely 

applicable. The validity of the latter assumption cannot be proved, but at 

the resolution of E G R E T , observational evidence indicates that embedded 

sources in nearby molecular clouds would have to be distributed like the 

gas on the scale of a few parsecs to be unresolved; such sources would be 

too numerous to be understood. 

Interstellar cloud complexes best suited for study with E G R E T are 

nearby, therefore subtending large solid angles, and either far from the 

plane or toward the outer Galaxy, limiting confusion from diffuse emission 

at greater distances. To date, the Ophiuchus (Hunter et al. 1994), Orion 

(Digel, Hunter, and Mukherjee 1995a), and Cepheus Flare complexes, as 

well as the complexes behind the Flare in the Perseus arm (Digel et al. 

1995b), have been studied. A summary of the findings is presented here; the 

reader is referred to the references cited for important details of the analysis, 

which is founded on maximum likelihood analyses of diffuse emission with 

COS-B (e.g., Bloemen et al. 1984; Strong et al. 1988; Grenier and Lebrun 

1990), and discussions of the 7-ray emissivities and C R densities. 

2. Results and Discussion 

Table 1 compares the values of X determined by various methods for the 

molecular clouds studied with EGRET. The E G R E T findings, all for ener-

gies Ε > 100 MeV, are in general agreement with non-7-ray determinations. 

The origin of the difference with the COS-B study of Orion by Bloemen et 

al. (1984) is not clear; however, the model used for COS-B's instrumental 

background had not been finalized at the time of that study. For COS-B 

it is an important consideration; the instrumental background intensity is 

at least as great as that due to the molecular gas, has structure on about 

the same angular scale, and if incompletely subtracted would increase the 

value of X derived. The disagreement with the COS-B study of Cepheus 

is less serious and may be due to the presence of two 7-ray point sources 

included in the E G R E T analysis that were not resolved by COS-B. The 

near-agreement of X for the three regions is remarkable on consideration of 

their large range of masses and different star-formation histories; the best 

average value for local clouds is X — (1.0 ± 0.2) χ 1 0 2 0 molecules c m - 2 (K 

km s ~ l ) - 1 , on scales of ~3 pc and larger. 

The E G R E T results suggest that X in the Perseus arm may be greater 

than at the Solar circle. A trend of increasing X with Galactocentric dis-
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Table 1. Determinations of the X-ratio 

Method Xa 

Ophiuchus Opt . extinction 1.1 ± 0 . 5 Lebrun & Huang (1984) 

Dust opt. depth > 0.5i°0;
5

2 de Geus & Burton (1991) 

E G R E T 1.1 ± 0.2 Hunter et al. (1994) 

Orion C O S - B 2.2 ± 0 . 6 Bioemen et al. (1984) 

1 3 C O / 1 2 C O L T E ~ 0 . 9 Maddalena et al. (1986) 

E G R E T 1.06 ± 0 . 1 4 Digel et al. (1995a) 

Cepheus C O S - B 1.9 ± 1 . 0 Grenier & Lebrun (1990) 

E G R E T 0.92 ± 0 . 1 4 Digel et al. (1995b) 

Outer Galaxy C O (R ~ 1 2 - 1 3 kpc) Mead & Kutner (1988) 

C O ( 1 2 - 1 3 kpc) 8 ± 4 Digel et al. (1990) 

C O ( - 1 1 kpc) 4 - 6 Sodroski (1991) 

E G R E T ( ~ 1 1 kpc) 2.5 ± 0 . 9 Digel et al. (1995b) 

a Units: 1 0 2 0 molecules cm 2 ( K km s l ) l ; scaled to the corrected C O radiation 

temperature scale of Bronfman et al. (1988) if necessary. 

tance in the outer Galaxy has been suggested by several CO-only studies 
(Table 1). The segment of the Perseus arm behind the Cepheus flare con-
tains the most massive molecular clouds in the Perseus arm, the complexes 
associated with Cas A and NGC 7538. That the 7-ray X-ratio is only 
marginally determined even there suggests that a far larger segment of the 
outer Galaxy will have to be studied in order to significantly reduce the 
uncertainty. 
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