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GANIMA-RAY A5TRoi'lIYS1C5—A NEW LOOK AT THE UNIVERSE

Jacob Tronibka, Carl Fichtel

Jonathan Grindlay, and Robert lfofstadtcr

A new window on the universe is being opened at the high energy end of the

electromagnetic spect.r.im an 'y-ray astronomy' has finally come of age with the

detection of sources, observation of the general galactic emission, .uid the

j 

	

	
measurement of a diffuse background. Gamma-ray astronomy hermits investi-

gation of the most energetic photons originating in our galaxy and beyond. These

observations provide the most direct means of studying the largest transfers of

energy occurring; in astrophysical processes. Of all the electromagnetic spec-

trum, high-energy y -ray astronomy measures most directly the pres ,̂ nce and

dynainic effects of the energetic charged cosmic ray particles, element synthe-

sis, and particle acceleration. fAirther, y rays suffer negligible absorption

or scatterings as they travel in straight Laths; hence they may survive billions of

years and still reveal their source. Studies of the spatial, temporal and energy

distribution of cotimic y rays will, therefore, provide fundamental new infor-

i

	

	 mation for resolving some of the major problems in astrophysics today. The

high energy processes in stellar objects (including our min), the dynamics of the

costn;c-ray gas, the formation cf clouds and nebulae, galactic evolution and
F	 I

• y-ray astnmmmy rray ;,e defined to include the spectral region from above — 100 keV to >1000 GeV.
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even certain aspects of cosmology and the origin of the universe may be explored

by -1-ray ol ►scrvations.

Progress in this field of astronomy has, however, been slower thru ► in some

other fields such as x-ray astrophysics because 7-ray production cross-sections

are smaller %kith corresponding lo%%cr fluxes. Relatively large sophisticated

instruments are therefore required. In the lower energy portion of the 'Y-ray

spectrum, nuclear activation with subsequent 7-ray decay further complicate

the detector design.

Except for observations at energies greater than 100 GeV which can be

performed on the Earth's surface, must of this %%-ork must be carried out above

the terrestrial atmosphere and outside the trapped radiation belts. First order

Information on differential energy spectra (both discrete and continuous) and

angular distributions from solar, planetary, and galactic sources have already

been obtained largely from satellite experiments. There is also evidence that

extragalactic radiation possibl y of cosmological origin may have been detected.

The progress within the last seven years has been particuLirly encouraging.

The first detailed results for the extended 't-ray emission from the galactic

plane are now available and great interest is developing in the interrclationship

between galactic structure, cosmic ray origin, the cosmic: ray distribution in

the galaxy and ti-ray emission. Point sources of cosmic -f-rays with energies

above l00 RIcV rind even up to 1000 GeV have been detected with one of the great

surprises being the identification of several -y-ray pu:sars with their radio

2
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counterparts. Emission from at galaxy other than our own, Cenf -rus A, has

been detected at lx,th the lowest (-1 MvV) and highest (-:too GeV) y-ray energies.

The differentOl energy spectrum of a possible diffuse cosmic background y- ray

flux has been observed over five decades in energy, from to kcV to 100 NteV.

I!
	 'rhe first evidence of y-ray lure emission associated with solar fluxes has becil

obtained. Discrete line -y-ray emission from the Moon has also becil

observed and used to infer the elemental composition over about 2(ylo of the lunar

r

	

	

typical duration of several seconds and photon energies of approximately 1 MeV.

surface. Finall), there has twen the exciting discovery of -r-ray bursts with a

The observed bursts generally have complex teirporad behavior and often contain

what appear to be multiple emission peaks. None of the observed bursts have
i

liven associate: with any luimm celestial objects.

The results obtained thus far are Important not only because of their astro-

physical siolitirance. but also twe:iuse of the impact that they have had on

development of the next generation of instrumentation, the technology for Mhigh

now exists. Futu ► -e missions currying detectors of significantly improved

sensitivity wili permit -y-ray a?tronomy to makc its potentially significant

cont ribution to our understanding of the nature of our universe.

Some of the resulte already obtained in -y-ray astronomy from observations

made of our own solar system. of other y-ray sources in our uwn (;ala ► xy, and

of objectb beyond our Galaxy atry described in the following sections.

F .
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Mamma-itny observation of ol,.r %War tiystvm
I'
► 	 In the last two decades, significant observational data have Iven obtained

from IK ► th space flight programs and meteorite studies allowing certain con-

str:tuits to be imposed on the theoretical models foe the origin and evolution of

the solar system. hirthet• , various theoretical approaches can ► u ►w be evaluated

Ili terms of their observation:il tests, ;utd more rigorous nu ► dcls eon 1W devel-

oped. 1Gith chronology and present clay dYn:unics of the Stm mid solar sYstem

can he t- vurnined c • riticallY with Y-ray astronomical observations. Vi ► • st lct us

consider the study of the Ain %%hick, in addition to appo ,ling to our natural

interest in its formation :111(1 d.N • n: ► n ► ics, is the only star that an astronomer has

reason:ihle hole of studying in detail.

Gamma-ray astronomy, as ;ipplicd to the observation of the Sim. has the

spvc • ific objective of considering high energy processes that t:tkc place in the

	

j	
~tin's atmosphere and the relation of these plit- nomena to the basic problems of

9
solar activity. To illustra "- the nature of the infornimion that (-: ► n be obtained

Isom )-ray spet. • troseopic• observations during solar flares, three prol ► Ieu ► s %%ill

he L.rictly described.

The y -ray lines at 0.51 Niv\ in Solar flares result from either the

free annihilation of positrons with electrons or from the formation :md decay of

positronhim. In the case of free annihilation, the formation of the o. 51 NleV

	

-i	 line dc, ends on the suurce of the positrons, on the propagntion of the positrons

ittthesolar;ttmoshhere, and on the density and temieratureoftile an ► hient medium

,r
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in which the positrons decelerate. Next. 7-ray line t,ntlssion is evidt-nev

that the particular r►uelear species '.%ith :t curreeei ► e ►nding nuclear level hue I ►een

excited by particles with t,nl,rgies alxwve they excitation threshold. h'Ienuental

composition of excited sl ►ecies cm also be inCt-rred. rwo or more linen from

tilt , smile nuclear species provide information on the Spectrum of exciting	 I
p.IruvIvs. 1' 'or exa ►► Ova the relative intensities of the B. l Dlc'V Ay —rlty

ltnc to that of the 4. •1 WV 7-ray line fron ► tilt- exc nation and subst-yuent

I q
	

deexcitation of tilt- corresponding states of -C can be used to determine the

cipvvtr:d /distribution of the e11l,rgetic particles (1). Fit ► :tlk. 11,op lee . shifts in

selected 7-ray lines can lx% used to study the :mlmotropic propagation of charged

1+:11 • tieles during solar flares. Protons with envrgivs greater th:u1 10 NIt , V will

excite till , •I.•1 MIA' 1111d 1;. l 111eV 7-ray lines of 12 L, and 160, rt,spectivviy.

Sine.: 7 - rays are cnlittrd ill a time short Compared with the slowing dowl ti11 ► t,	
i I

of the nucleus, ally +iireetional :tvisotropy in tilt- primary cxeitong particles

would cause a Doppler shift in the central energy of the observed lines (2).

That such observations are indeed possible was (oufirilled Mien )-ray li11t,s

:tssoci:,ted with solar emission were obse[-vt,d during two flares in 1972 from

the OSO-7 satellite (3,41. There was evidence of significant e11h: ►nel,nel,nt of the

t ► . 5l NlvV mid :.. 2 N1vV spectral regions. Lilt- features at •1. •1 111e1' mlif t;. i

111eV were also evident. All the lines except the 2.2 MoV line from deuterium

formation are attrilnstahlo to interactions with energetic protons. The fact 01:1,

the 2. 2 111eV line was observed implies the presence of a si trnificant thernial

ncutt'on Ilex, rn ► t absorbed , ►y other Vrocesses.

5
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Gamma-ray astronomy observations also find importmit ;application fn

studying the development of tale planets out of the primitive solar nebula. For

those p1mets where the atmosphere and trapped radiation environment do not

interfere sigmfiemAly with the y-ray emission, orhital measurements can be

carried out. Some of the so-called terrestrial p1mets are examples of such

systems. Asteroids and comets can list) be studied. Element:! surface

composition can he inferred from observations of -t-ray title emission. This

emissiot, can NO attributed iiminly to natural radioactivity ('I'll, U, and Iii mid to

the primary and secondary cosmic-ray induced activity producing identifiable

emission from It, 0, Si, AI, Mg, Fe, and Ti.

in acquiring ;ut understanding of the geology of a planetary body, a knowl-

edge of the total chemicA composition and of the var. .ion of the surface

composition of the body are of fundamental importance. The overall composition

will 1w related to the mechanism of accretion and accumulation leading to

planetary formation. The di3trihution of elements also hats been affected by

geological processes which have been operative during planetary evolution.

A number of missions have been fluwn to the Moon and Mars from which

such information has been obtained, for example in the American space program,

Apollo 15 and Apollo 16 and in the Russian program, a nu Haber of lun;ir missions,

the ;Mars - ► and Uars 5 missions and the velle ra mission. The distribution ofthc

radioactive elements Th, U, and K measured by the -t -ray spectrometer during the

A 1 ,. ►110 15 ;old Apollo lt; i Fissions are sho%cn in Figure 1. The concentration

6
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increast- is ► ndic:tted by a darkening in the orbital {lath outlined tit the fipire.

I'he data from tilt- Apollo 15 and tilt , Al ►ollo ll;, x-ray and y -tar spectromote ► 's

Have liven most thoroughly :m:lly.ed ta. 6. i. K. M.	 I'lu • sl' Ittl`:IsIll't1111etIIS

indicate that till' 1llooll hat-+ a global Al or plagioclase rock crust a hose formation

%%.IN the major goochertlic• al elent of the hloon's geologic etolutlon after its

formation. !tY outlining varlatiotls of the distribution of urmitnit, thol • luilt. and

potassium. tilt , 7-ray information suggest that large basin-forming events wcru

callable of creatklut the gvochrntical provint'es b )' tilt , t'jvvtiotl from depths of
w

tell or Inure hilonicters. I'lic kleldetion of volatile materials relative to refrac-

tort' mAcrials was fotllld Ikk Ilold t file kill .1 glokil bases, sinct' tilt , K PI'h ratio

dt'termined from the Moon remained signifivantlY lo%wr over most of the Moon

ck/m11:11Yd to t-llat on Earth. 'l •he III0:lsut•etnent of radioactive elements 'I'h, l'.

and h obtained from Nl:lrs .1 and Wirs 5 (10) indicate th:lt the soil overrown on

the surface of m irs is basaltik' In n,itiire.

Stcllat ttb cc•ts

Gamnm-ray astronomy is dil'ei'tlY rt'latt'd to the most t,nel'l;etle {kt'oeesses

occurring tit stellar objects. :old Is thert, fore expcoctt,d to plad' a p. ► t•ticularl.%

t aluablt' rolt' lit the study of sul kerttovac and Compact ohyets suk• h :Is licutron

,tars and black holes, Of tilt , dor.cn {lotnt sources of y rays Identlfleki outside

our solar' ,vstellt. four :Ire associated %%itll radio pulsars and are Inllsing at tilt•

radio period. mlivreas onl)' one radio pulsar has been tieett lit the x-ray rani;e.

It was less tha'l a decade ago that tilt' discover .N of radio pulsars providvd the

E t
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,Irst observational e% idence for the existence of collapsed stellar objects. Theme

pulsars are now generally accepted as neutron tstat's primarily on the basics of

their short loulse periods, high period stability, and very large energy releasc.

'1'hc luminosities; of the )-ray pulsars already observed •c in the range

• r	 _

from 111' 3' to 10 .1 '' ergs ace	 above about :10 11e1' (11-19). tlecauese these

1 rays almost certainly owe their origin to extremely reiativistic particles

interacting with intense magnetic fields, the ohscr •vation of threw large

:unounts of energy being relcascd in the form of very high energy photons

implies that an cxtraordinarily efficient 1 ►;itKicic acceleration process exists

at tl>c pull:t.. Gamma-ray spectr..' • neasurements part.icularly at higher

energies would provide information about the particle acceleration process

and verb' possibly about the magnetic field configuration around the neutron

star. A variable spectral eoml ►oonent has already bevii observed from the

Crah pulsar above 800 (iet' (20). In at Icast unc case, that of PSlt 0833-45,

the y radiation is shifted in Altar! • by I : , from the radio pulse x,21). (h ►

the other hand for the Crah pulsar, il ►c pulses at the two energies are in

phase, suggesting that more than alit- radiation mechanism may be imolNcol

in Sonle cases. Further support for this concept is given by the diff,relice

in the emission character of the pulsed radiation between the radio and 'y-ray

regions for PS11	 As shown in figure 2, two pulses of nearly eclual

si,:c Separated by about h:slt• a 11cl-iod \\o • rc observed in the y- t•ay rcgiois \o ith

A
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thr SAS-2 y- ray telex: pe and subsequently by the COS- d satel I Re %% hr real only

a single pulse is Keen in the radio region for this same source.

'Thu most luminOus galactic y-rny mource observed thus far is Cygnus X-3

(22) with a flux above 30 hteV observed by Sv%ti-21 Implying a luminosity of snore

thmi 10 :17 ergs/sec if the radiation is confined to a cone of one stera(Win. 1'lse

y-ray emission is observed to have the .flame •1. 
sIt 

periodicity seen in the x-ray

and infrared regions. '1'his source is thought to be either a precessing; neutron

star or a neutron star in a binary system; further )-rav observations may

clarify this question.

Gamma-ray sources have also been observed by SAS-2 and COS-8 with no

apparont counterpart at other wavelcng;ths (22, 24, 25) sut;g;esti119 the I,ossibility

of a whole class of stellar objects not known previously. Further, it is certainly

expected that ) rays will grove to be a valuable probe of black holes since the

intense gravitational field near a black hole subjects in-falling; mattvr to extreme

conditions. Recent tlicory has also predicted the existence of relatively small

Primordial black holes which may signal the evaporation of their last 101.1 g

by emitting; -10'; of this rest mass energy in a short, 2 X 10 - s second, burst

of high energy y rays with energies of approximately 250 bleV (26).

Whereas musts %kith this short titne 1wriod have not been seen. low energy
a-	 I 

-y-ray bursts. whose origin remains a mystery, have been observed (cf., 27-31).

With the sensitivity of current detectors, these bursts are detected several

times a year n\ith photons whose energies appear to be concentrated below a few

F

1
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NICV. Tlu'y' generally last :r fe%%' seconds to It:rlf a minute alut some. such as the

one shown in Figure :1 (3o ant, :41), we observed to have substantial fine structur...

As yet file mourtA l s of these bursts have not even been precisely located on the

velestial sphere, but it is anticipated that some accurate sourer locations will

be forthcoming over the next two years. Recent results do indicate that these

bursts are of g:rlavUe origin (32).

The search for the origin of Cosmic ray• is :t prol,14 • 111 p:Irtiettlarly suited

to 1-ray astronomy. if the ac•eeleraUon of those parUcles3 should occur in

objects such as pulsars or sutx , t • novae, tlwy %%ill reveal their pre^cnre h^'

irrtrrarU14' ;th the sut• routxling matter. Sutx • rrtovar have been expected to be

one of 0, • ntot •r likely ) - ray cmittors, and Indeed the Crab nrhula was the first

individual )-ray source •ern.

A very inttic ..mit prospect for -ray astronomy is the detection of )-fay

spectral line, and tltr direct evidence they- provide on n114AeOsy lit hcsis through

tilt, decay of un-table nuclei. luclvos% uthesis hats long heen postulated to occur

in the outer cmclotws of supet •novac, and :t Ix.rt.icularly impot1:utt test that thr's

has occurred in these objects would he the detection of ) rays from the decay

of the nton . abutuiant sutstal,le resulting nuclei such as ` 6Ni, 56 Co, 48 V. and

.1.1 Sc (33). ldcntificat.ion of morn than one nucleus will provide a ctuantstAts\(1

test of the theory which woidd not be possible by anY other means. The first

tttempts to search for ) -ray lines with high- resolution spectrometers were

corxlucted by the Lockheed group (34); further searches will he pursued oft

ti•'i'MS-1 mid on IIEAO-C (35).

10
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Diffuse Gamma-Ray Emission from our Galaxy

When considering the interstellar medium of our Galcucy, the tenuous gas

consisting largely of atomic uixi molecular hydrogen and interstellar dust often

come to mind first. However, there are two other very important constituents

that are believed to account for about two-thirds of the expansive pressure of

the gtLI.uty; they are the cosmic rays and the magnetic fit.-Ids. It is now realized

that the density of the thermal gas in the galas tic disk is only marginally

capable of holding down the cosmic-ray gas and magnetic fields agaiuEt their

{	
dynamic pressures, and therefore that the latter play a very important role in

'I
	 the Galaxy.

Gamuna-ray astronomy can provide information on the density distributions

of both the galactic cosiuic-ray	 which contain the great !hulk of the

energy, .uid independently on the cosmic-ray electrons. The latter could be

combined with continuum radio measurements to obtain a much more quantitative

picture of the g:aactic magnetic fields than currently exists.

The most complete picture of the large sc,tle structure of the y-ray sky

which exists at present is that obtained by the SAS-2 high energy 7-ray telescope

(23, 36, 37). The most striking featu. •e of the celestial sphere when viewed in

the 100 MeV energy range is the emission from the galactic plane, which is

particularly intense in the galactic longitude region from ;almost 300° to 50°.

This enhwicenient corresponds in longitude extent to a region of extended 21 cm

radio emission, but compared to other regions of the galactic plane it is

11
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relatively murc trrtclisc. When exanrOtcd in Actail tilt' longitude and latitude
I

distrihutions al)l)ear to lx- generally correlated with galactic Structure ft'atures

:is shown in Figure 1. lu Imr-ticular, tilt- )-ray emission :Ippvars to he Issoci-

f
rated With spiral-at • nr SVglllVnts and the enhance-ment of nr:rtter • near fivc kilo-

lutr •secs I'rorn tilt' gahectic center: however, the sensitivity of the r-ray instru-

lira-tits show) than far 41ovs not yc, ,'m-wit it discussion of fill(- detail. Ilnalysis of

there data siloms that the cosmic , rave; :rre correlated %%ith the watter on tilt , scale

j	

of galactic arms, supporting the galactic n: ► ture of the cosmic rays. Itec;utse of

!	 this correlation between tilt- cosmic ra -vs and the matter, it vvey high contrast
f

i	 picturc o1' tilt- l'.al;txy should ultirrrately be fortheoming front y-rity studies. In

4 addition, future -Y -ray expwrinrcnts with irrrprovt'd sensitivity and .u ,gulat reso-
t

9	
lutron should, for exampIc, he able to answt'r the question of %dhetltcr cosmic

1	 ;^

r:ty^ Inlay a major role in cloud I'm-m rtion, since very dcfinite predictions can
i

I,c made about the rclativv y-ray intcusity cxpectcd from clouds compared to

the intcrcloud rel;ion for diffcivilt m "xlcls of the irntcrrclationship bt,ween

cosmic rays alKI clouds.

Wier Cialaxics awl Cos mology

At prescm, bevauac instrnnrcnt:, of sufficient scrrsitivity have not existed,

only the closcst active galaxy, Centartrs A (CEN-A), has bt'cn dctccted rn y rays

(•10). The stud), of other ga1:lxies in high cnorgy y rays is, howtwcr, of vx-

tremc interest in dcicrmining if other normal galxxies have cosmic- ray

densitics similar to our owl. hltinmtely the rcl:rtionship of the nueieonic

12
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ruatnit.-ray eiistribuUun in an rxte'rtvtl gulmxy may he compared with its optical

Mill r:olio ft,:ttures ThC t,lust,st };alWXirs to our oH •tt are expected to he emitting

y rays at a lt,vel such 911 their flu\t . s as n ► t,ahurt-d at the Farth would he easily

detectable with t he next gencratiun of -y-ray telcscolws.

elnc of tilt , outstanding prc ►ldentr+ in astrophysics tc ►tiay is tilt- nature of tilt-

compact central sources Uutt aplx-ar to power the ent-t-getic pht,nomena observed

in the nuclei of Itcuve g.11:cxies .110 t luasars. The intimate relationship between

y rays and dynamic high-01101y;y processes makes the extraortlinar .̂  gal :taxies,

such as Soyfert galaxies, radio l;ttl:txics, anti QSOs, I ► ritne candidates for -y-ray

studies. For ex:unple, coils it Iv ring Compton Scattering motIvls tut' tilt , very

high energy ( - 300 (kV) y rays anti combining tilt-se results \e'ith tilt- hard x-t•a.\•

through low en0rl;y y - 1,3 . spuc • t.-al ohsetI attt ► tts obt:titled on CUN-A, tilt- mah-

netic field and cosmic--ray slxtc'tt'tun in this jwculiar object has Been vsLablished

and lin ► its set.

I'ht, still), of Cosmology throu ►;h I-ray astronomy consists kirgel •y of tilt,

study of the diffuse y-ray background. This background is that part of tilt,

observed radiation which cannot t ►e :1NN0Ci atrd \t ith kaown galactic or extta-

galactic eourvvs. The intensity, energy spectrum, :uld tit-grec of Isotropy of

this 7-ray hac• kg,-ound :tr• measured to cute have already lr ► t r;: ►;nifiv:mt con-

stralnts on cosmological models. The intensity ohsct vcd A energies above

150 11t-1', for example, rules out the possibility of having the c • o tilt) in ;tttoll of

a closed univ ,. rite	 :',	 intel11ity A Hit` level seen at the

E artIt (41).

13
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In tt't • nls of six'vific cosmological rnoilels, the present results argue strongly

against the steady state matter-antinl;tttet' model which i ► redicts a y- ray nux ww

to :uulihilation which could be malty orders of magnitude . larger tit:ln that Mlich

is ol ► set •ved. The bat •yon-symmetric bit;- 1r, 1 .14,r mcxlel could avoid an over:tl ► tuul: ► nee

Of 1 ► hutons ronli ►:lre(l to nucleons, but only by postulating; a separation of the

matter from the :tut limit ter ;it a very early stale in the um ,rsc. 'This tyl)v of

m0414`1 l`ou!d prcxiuce tilt' observed -f -ray encrg;y spectrum (•12, •la) shown in Vig-

ure 5. t • lcarly. there ark . other measurements Much count he nlalie to further

tvmt this liossibility. A precise nu'asurenu`nt of flax isull •ophy is :ul example of

such a rne:lsurerneut. In allliition, snore earetul mcasllrem ents of the spectral

Shape of the ralli;rlion Spectrum would be of great value. Another cosmological

model in which cosmic rays and matter at a I:rri;e 1-cd drift are responsil ► le for

the diffuse speclrull ► would i ► rlxluce a similar • slx`t'tr • 1rnl at low cnergics, hurt :1

markedly diffcivilt one art high cM skies.

Future L'rospects

Gantnra-ray astronomy h:rs now emerged as one of the most pre nising and

slgnificailt arras of research in modet • n astrophysics. Perhaps till • most

dramatic and most inlnu.liate discoveries will be ► Halle in galactic 7-ray

astronomy — par;' -ularly the discovery of ntau ►y new point sources. In the past

few years the n,unlrer of point sources has increased from one (the ('rant uel ► ula

.111th pulsat) to art N ,l;4 tell, tt ith dic promise of more to come in data not yet fully

analy%c'll. 5l`Vetal of these Ik`11' solll'CCB art' idt`Ililill`d 1t'tth radio 11111•; 1 ;;:, illll

T,



r

Moffma -WORM"

•

s

1

I

r

many are unidentified. The number of sources is now roughly parallel to the

first few years of ro6.et-borne x-ray astronomy in terms of rate of discovery.

Ilom ever, whereas tliese first cosmic x-ray sources were bright enough to be

seen on short duration sourkling rocket flights, uatellite experiments have been	 t

required to detect the first 7-ray sources at -100 hiev. The actual detector

areas used have been small (less than 10 :1 em") and most of the newly discovered

sources have required exposures of several weeks.

Particularly exciting is the possibility that new classes of astronomical

sources will be found such as 7-ray and cosmic-ray production in the

ergusphert!s of rotating black holes or ganuna rays from very high temperature

accretion on massive black holes.	 ?'

With the expected dlseover+.es of many new sources Mid nu vasurcments of	 t
I

their spectra by instruments aboard the I-ray observatories now contcmpiated,

a much clearer view of the galactic structure of gas, magnetic fields, and
3: 

cosmic r, ;s will be forthcoming. The angular resolution will be improved so t

that We true extended emission can be separated clearly from the effects of

multiple point sources. A ritich snore complete picture of the cosnnic-rays, 	 1
'i

nucleon distribution in the g:tLcxy as well as a neap of magnetic welds aixi gas

density will then emerge. Mcasurornonts of the spatial distribution of the

diffuse ti-ray sky at high galactic latitudes with higher spatial and spectral

resolution will address problems of cloud formation, confinement of galactic

cosmic rays, the galactic aalo, :uul the studies of the diffuse cosmic 7-ray

background and its relationship to cosmological m.xiels.

:	 A-isy!a} su+^i	 a;..	 dam" :wont ,.wv.w.,,.ra"	 ,..a,....'.w .a. a...oww ..+..w ..+-1 ^..w• .....^r iwr.



With the development of high resolution -y-ray energy six-etrometcrs the
i'

i pros1wets for- developing; nuclear y-ray astronomy are most promising;. If

diseretc y-racy lines emitted during; electromagnetic deexcttaition of nuclei can

be detected, their observations kill confirm that excited states of nuclei are

heing; pl • cxiuced and dt,terimine nut,lear a )UMd:ulces. The nl:ig 1liludt , of tilt, fluxes

and sl-wetral distribution will allm- 'he identification of the specific nuclear

specks auul detCrniii ►ation of their rate of excitation. Because extreme physical

circumstances are rc-quireu for the pl-Muction of excited nuclei at low densities

whom , they can be seen, unique information about the source retiions Will be

1

obtainal1le. ()bsery ition of ?-ray line emission from supct •nova ejecta and in

the accumulated background of tilt , utliverse may make it possible to: prove

sulx,rnovae eject new nuclei and mca.sul'e the sllpernova yield, measure the

sulx-rnova structure by the profiles of the lines and their Compton tails, dis-

co%er galactic sulwrnova remnants, determine the average rate of nuclivosyn-

thesis and its possible present day occurrence, learn more about the average

density of the universe and help further evaluate evolving versus steady-state

cosmologies.

This rich promise of y-ray astronomy can be realized by a new generation

of satellite experiments. Long; exposures would permit detection of sources

much fainter than the Crab anywhere in our Galaxy, and greatly improved

statistics would enable point source positions to be determined to within -10

at c •min. 1'he greatly increased sensitivities and improved :IllgllL :lr resolution

I (i
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of such detector systems wotdd also, of course, allow tlu , Ix-Kiutting of

s,

extragalactic high-enerkry astronomy. The incredible cosmic ray accelerators

that must exist in giattt radio g:tla.Xies .11141 gLUSars may also pr0x1uee slxIetueul;tr

,y - ray  fluxes since particles are probably not accelerated without interactions

with matter on magnetic fields. It is entirely possible that tilt' sletectiot. and

me. ►surement of the spatial and six-etral distributions as well as the ternim-al

variations from compact sources will provide the crucial data for a tww under-

statuling of these objects.

i	 cannot he predicted but it is clear that y-ray astronomy is an open-ended spectral

The exact direction that the investil ,ations discussed ill 	 imper may lead

frontier that will provide neW ;nsights nrexied in the understanding; of astro-

physical phcnonxvna.
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35 MeV from the direction of PSR 0833-45 as
observed by SAS-2. Arrow R marks the position

of the radio pulse. The dashed line shows the
,y-ray  level expected from galactic and diffuse
radiation if no localized source were present.
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FIGURE CAPTIONS
r

Figure 1. Distr i bution of lunar activity in the ener* , 0.55-2.75 MeV over the

Apollo-15 and Alx)llo-16 ground tracks. The intensity of emission

is proportional to the darkness of the gray scale. The map was

provided by E. Eliason, U.S. (k-ologieal Survey, Flagstaff, Arizona.

Figure 2. Distribution of y-ray arrival times in fractions of a radio pulse

period for y -rays above 35 MeV from the direction of PSR 01333-45

as observed by SAS-2. Arrow It marks the position of the radio

pulse. The dashed line showb the y-ray love, expected from

	

galactic cued diffuse radiation if no localized source were present. 	 )

(reprinted from Ap. J. , ref. 21.)

Figure 3. Measured time profile of intensity of g-amma ray burst ubberved

during Apollo 16 trans-earth missiun April 27, 1972. (reprinted

from Ap. J. , ref. :30.)

	

Fifntre 4. Comparison of the calculated longitude distribution of y-rays with 	 ! '

energy above 100 MeV with the SAS-2 results (37), summed between

-10 0 and +10 0 . The calctilatkn assumes a correlation between the

cosmic rays and matter on the scale of galactic arms and uses the

hydrogen density deduced by Gordon and Burton (38) and the n ►attcr

model of Simonson (39).

Figure S. The energy spectrum of the diffuse radiation (44-58).

-^Rw.rr.^-may x:.,^..... ,wpar :.. 3̂ .. .: ... ^.i ..»,,.. ^...... ^,.^.. 	 _.^..... --^—...,^...... ..,..-^..._.^s...—... ...^.. _-..,...,......wr.,^„y1,r,rc^


	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A03_.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A05_.pdf
	0001A06.pdf
	0001A06_.pdf
	0001A07.pdf
	0001A07_.pdf
	0001A08.pdf
	0001A08_.pdf
	0001A09.pdf
	0001A09_.pdf
	0001A10.pdf
	0001A10_.pdf
	0001A11.pdf
	0001A11_.pdf
	0001A12.pdf
	0001A12_.pdf
	0001A13.pdf
	0001A13_.pdf
	0001A14.pdf
	0001A14_.pdf
	0001B01.pdf
	0001B01_.pdf
	0001B02.pdf
	0001B02_.pdf
	0001B03.pdf
	0001B03_.pdf
	0001B04.pdf
	0001B04_.pdf
	0001B05.pdf
	0001B05_.pdf
	0001B06.pdf
	0001B06_.pdf
	0001B07.pdf
	0001B07_.pdf
	0001B08.pdf
	0001B08_.pdf
	0001B09.pdf
	0001B09_.pdf
	0001B10.pdf
	0001B10_.pdf
	0001B11.pdf
	0001B11_.pdf
	0001B12.pdf
	0001B12_.pdf
	0001B13.pdf
	0001B13_.pdf
	0001B14.pdf
	0001B14_.pdf
	0001C01.pdf
	0001C01_.pdf
	0001C02.pdf
	0001C02_.pdf
	0001C03.pdf
	0001C03_.pdf
	0001C04.pdf
	0001C04_.pdf
	0001C05.pdf
	0001C05_.pdf



