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SUMMARY

A theonetical study has leen made of the diffuse gamma
rays produced through efectromagnetic and nuclean interactions
of cosmic rays with matter and radiation in the interstellan

medium of the Galaxy.

A detailed mathematical Lormulation has feen made Lonr
the different processes contributing to the rroduction of the
diffuse gamma Llux. The relevant processes wenre w° production
in high enengy ﬁucleaa inlenractions of cosmic ray nucled with
intenstellar matten, Aném44£4ahlung of cosmic ray electrons
as well as Invense Compton Scatterning of efectrons on photon
Lields in the Galaxy. The resulis Lor the new set of cale-
ulations for the emissivities using different interaction

models coven the enengy nrange 70_3 ¢ EY ¢ 709

GeV and arze
given as Lollows ¢

7) Foa w° emissivity al enengies EY ¥ 700 GeV, @ stnict
scaling model gives a diflerential emissivity peaking at
67.5 MeV corresponding to the energy of gamma rays when the
rions decay atl nest. The speclrum is symmeiric about this

energy and takes the asympiotic Lorm q“.(EY) ~ E-2°74.

Y

2) Fon enengies E, 2 100 GeV, thnree models have foeon used

1o desecnibe w° production in hadronic intenactions coanespon-
ding 2o strict scaling, complete scale breaking, and an inten-

mediate modef. The asymplotic Rehavioun of the emissinity

-u
y
£on the thaee moded.s; respectively, The [first model gives

takes the foam ¢ﬂ°(EY} * B with u Being 2.75, 3.0 and 2.86

the  highest emissinities, white Lthe second gives the
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othen exinreme with the inteamediate model in fAetween. These
resulls allow a deteamination of the degree of scaling viol-
ations in pp interactions at energies highea than those ofit-
ained Ly present acceleratorns., Also the focation of a possifle

break in the primary spectrum can fe determined in this way.

3) Bremsstnrahlung and Invense Compton Scatiening emissiv-
ities indicate the dominance of Lhese two processes in the
enengy aegiona'EY + 0.07 and EY 2 10 GeV respectively., The
nelalive contnifution of protons to the total emissivity is
Zound to Be about 50% Loz EY 2 35 MeV and alout 74% fon EY J
700 MeV,

The emissivity nesults and the olserped Y-ray emission
near the Galactic plane have feen used to seanch forn possibile
Spatial gradients of cosmic rays in the Galaxy. An unfolding
technique has Been developed and used to reconstiruct the nadial
distaibution of emissivities Arom the Longitude profife of
Y-rays. Estimates of the hydrogen gas densities ane then
used fo determine the nadial distrifutionas of cosmic rays.

The nesults oltained in this nespect ane as Lollows !

1) There are marked gradients for cosmic rays in the innen
Galaxy with the cosmic ray dinlensity in the region 3-7 Kpe

Leing 3-4 times that Locally.

2) Thenre ane indications fon a highea gradient Lorn Lowen
energy cosmic rays.
3) There is a minimum in Roth emissivity and cosmic nay

distrnibutions at R = 9 Kpe corresponding to a dip in the
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Longitude distrilution of Y-rays near § & 60°, This minimum
44 indicatlive of fong path Lengths through the intenanm region

between the Sagittarius and Orion arms.

4) The nesults point sirongly to a Galactic onigin Lo
cosmic rays of eneangies 1-10 GeV which could e neofated to

Supernova remenant (SNR) on pulsan distnibutions,

A quantitative theoretical Lreatment of cosmic aay
gradients in nefevance fo Y-ray emission has feen made to
identify the poAAi&lz_aounceA of cosmic rays in the Galaxy.
Forn this puapose, a modet has Been developed forn the Lange
scale Y-ray emission in the Galaxy assuming a Galactic origin
for cosmic nrays of enengies 1-10 GeV, The model takes into
account the various fLeatunes rreviously obtained fox Y- ray

rroduction in the intenstellan medium, The main results are ¢

1) A hydrostatic equilibrium treatment fon the Galactic
disk constituents has Leen developed and used #o oltain

theonetical distrifutions above the Galactie rlane,

2) From a falance feotween the outward pressune gradient
due Lo magnetic fLields, cosmic rays and gas motion on one side
and the gravitationaft Lorce excented on the gas By the Galaxy
on the other side, we obtain a hatlf thickness Zor the cosmic

rnay disk of Zaﬁ 856 pec.

3) 7The fLongitude and fatifude rroliles of gamma rays have
been denived on the fasis of the alove moded taking into
account panious Langet distnibutions, possille absorption

rrocesdses as welf as the angular nresolution and Latitude
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window of detectors. The mathematical Lormulation allows the
computation of gamma nay profifes fon diffenent cosmic ray

gradients,

The alove model has Been used in conjunction with pan-
‘tous cosmic nray distrilution modeds to calculate gamma ray
profiles comparnable with observations. 7The main resultis ane

as FLollows ;

(7) A unifoam cosmie zay radial distribution in the Galaxy
can fe excluded for proton eneagies 1-70 Gel, implying a

Galactic onigin in this enengy region.

(2) Molecutlan hydrogen densities in the Galaxy anrne afout
10 times the conventionalt estimates fLelow 2 Kpc, resuliing

in a mass of H, of alout 6.5x70° n.

(3) The predictions of present model agree with ol serpvations
on the fLasis of cosmic ray gradients cornelated with SNR on
with gas densities. Other modedas Based on total mattexn den-
4itly, Galactic magnetic £ield, arm structure on Large scale
acceleration are found to fe inadequatle fon describing cosmic

ray radial gradients,

(4) Radiatl gradients Zrom the SNR and gas density models
are in agreement with those obtained &y the unfolding method,
In Both cases, the gradients ane Lfound to decrease with ine-
reasing enengies and the cosmic ray distriBution ias POssLB LYy

guile uniform fon gamma energies above alout 1 Gel,

(5) 7The SNR nodel seems to e in betten agrneement with ofseny-
ations near the 3 Kpe ning. SNR  Shock waves are thus poss-

i8te mechanisms fon the production and accelenation of cosmic

rays in the Galaxy.
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