NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



e
:
i
%
i
v
\
J
LY
i
¢
I
}, I
3 )
‘ |
1?
f
1%
; H =
B
o
-
fs
\
//,.}
S .
- 1
y
4 =
€
(¢
¥
.'3’ 3
ke
'
£
¥
e » “
[ s
l}

(NASA-TN~82041)
%AHHA“RAY (NASA)

5

R

\

)

FUTURE PROSPECTS FOR
20 p HC AO2/MF AO1 .
CSCL 03a

,‘
N’\S’\ “
g

)
f ,/»,//

A
Y

Future Prospects for

- Gamma—-Ray Astronomy

C. E. FICHTEL .

NOVEMBER 1980

Invited paper presented at

N81-12959

Unclas

63789 39819
" / . //(
~’ Technical Memorandum 82041

The Royal Society discussion meeting

on Gamma-Ray Astronén;y. Nov. 27,28,

\

4

1

o

National Aeronautics and
Space Administration

Goddard Space Flight Center -
Greenbelt, Maryland 20771 It

v

1980

s v oS it A s W s Bt e e i e




=

T e T

Ll

R

v T i MR :

i

ol

A}

FUTURE PROSPECTS FOR GAMMA-RAY ASTRONOMY

BY: Carl Fichtel:
NASA/Goddard Space Flight Center, Greenbelt, Maryland U.S. A,
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As y~-ray astronomy moves from the discovery phase to the exploratory

ph@séﬁ the promise of y-ray astrophysics noted by theorists in the 1até 1940's

2

7 '
}(&nd 1950's is beginning to be realized. In the years to come, satellites

should carry instruments which will have over an‘crder of magnitude greater
4

sengitivity than those flown thus far, and, for at least/SOme portions of 'the

/
y-ray energy range, these detectors will also have subscantially improved 9;

H

enexrgy and angular resolution. The information to be obtained from these

experiments should greatly enhance our knowledge of several astrophysical

¢

phenomena including: the very energetic and nuclear processes assoclated with

cbmpact objects, astrophysical nucleosynthesis, solar particle acceleration,

[4

the chemical cowmposition of the planets and other bodies of the solar system,

the structure of our galaxy, the origin and dynamic pressure effects of the
cosmic rays, high-energy particles and energetic processes in other galaxies

especially active ones, and the degree of matter—antimatter symmetry of the

universe. The y-ray results of the forthcoming programs such as GAMMA-I, the

Gamma Ray Observatory, the y-ray burst network, Solar Polar, and very  high
,//{// Ny
enexrgy y-ray telescopes on the ground will almost cerLain\g provide justifi~

carion for more sophilsticated telescopes. These advanced instruments night be

N\
p& ced 6n the Space Platform currently under study by NASA. m

N

b, PO S

J

/

7
/u

\\\

N

b}

vy
v
o

T o
S gk y

R




B

T

7]

1. INTRODUCTION
=

This meeting has provided an excellent oppértunity to review and summarize §

the curcent status of y-ray astrophysics from the lowest to the highest
observed frequencies in the y-ray region of the electromagnetic spectrum., It

has come at a very opportune time in that the results of the satellite and

~other experiments of the 1970's which have formed the foundation for this

Eield/;ay now be examined berga the major advances which should be
forthcoming in the 1980's withuGANMA~I, the planned Gamma Ray Obsarvacory, o
improved high energy ground instruments, and other experiments to bm carried
on balloons, Spncelab and other gpace ‘vehicles. The 1nCQrpretatiou and
understanding of the existing réaults is being alded by the substantial
theoretical work nhat has already been performed in fhis fisl “hecria%@
have been stimulated to examlne processes 1nv01Nih\\Y~rays in astrophysics,
since these photons permit the direct study of the 1atg%at transfexs of energy
occurring in astrOphysicalzprocesaea. These include rnpg&ﬁexpanaion processes,
axpf%sioua,'high~energy particle acceieration, gravitational accretion onto
superdense obhjects, the fundamental processas“of the building of the elements,
nnd}even particle-antiparticle annihilation should antimatter by sufficientl§
abundant anywhere. LV /,jﬁ
Another attractive feature of y~ray astronsmy is that tg; Universe is

p
largely transparxent to y-rays. They can reach the solar system £lom the

galactiec center, distant parts of the Universe, and dense regions near the

17w

centers of activg galaxies, reglons which*cannoL be viewed in the optical ox
low-energy X-ray regien. This rvemarkable window extends from a few himes,107
eV, below which it bggins to close slowly as the. energy decreases, to<1015 aV
at which<point 5hé%ﬁ_begins a one to two decade reglon in energy wherein y-ray

interactions with the black-body radiation are fmportant. v

4
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The high aﬂhtay y~ray talaescopes carried on SAS-2 (e.g. Fichtel et al.
1975 and Bignami, Fichtel, Hartman, and Thompson 1979) and COS-B (a.g. Mayer-
Hasselwander et al, 1979 a;d Wills et _al, 1980) took high energy y-ray
astronomy from the discovery phase to the exploratory phase providing a
general piuturm of npe galactic plane in y-rays identifying sources and
general structura, the general character of the extragalactic diffuse
radiation, and the first results for y-ray emission [rom a quasar. Solar
nuclgar y-vay lines have been detected, by Chupp et al. (1973) from the large
solar flafés of August 4 and Zg 1972 with an instzument flown on 0S0~7 and
more recently with the SMM satellite from three other flares (Chupp 1980).
Successful measurements of y-ray emissions from the Moon, Mars;=and Venus have
been ecarried out during héth Unired States and Sovist spa*efligh
Also, in the low enargy y-ray reglon of the spectrum, there has been the
disgovary of the low energy y=-ray bursts (Klebesadel, Strong, and Qlsen
1973), THhé nature of thaaahv~ray burst sources remains a pugzle. In the very
high enargy regilon of the y-ray spectrum, ground based Cerenkov light
r:flactor telescopes have good evidence of y-ray emission from the Crab Nebula
pulsar 0331+21 (Helwken, Grindlay, and Weekeq 1975 and Gupta et al. 1978), gfhe
Vela pulsar PSR 083345 (Bhat et al. 1980), Cygnus X-3 (Vladiminsky et al. /
1975), and Centaurius A (Grindlay et al. 1975) above'10ll ev.

 These astronomical y-ray observations and the many othevs obtained during

the last decade or more give us a more certaln basis For considering the

possible results which may be forthcoming during the 1980's and the impact

- that they may have on astrvophysics than existed a decade ago when one had only

the uncertain predictions of the theorists and a few early results. Theo
synergistic nature of astrvophysics strongly suggest that the anticipated y-ray

results will have a mujor/impacc on all of the other ascronamicﬁixdisciplines
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from the radio to the X-ray realm. Tﬁés fmpact should be parc;eularly strong
in view nﬁ§§hn unique nature of y=-rays in thelr direct velationship to the
high anergy processes of the Universe. ‘ &

In the next sacti¢n, some of tha scientific returns that might ba expacted
Ffrom the larger im&%bvcd y-ray instruments of tha forthcoming decade will be
considered. This discussion will be followad by a consideration of the y~ray
telescopes and missions that ave anticipated during the forthecoming decade and

what they may achiave.

~

2, THRB SGIE&TIFI&;POTENTIAL OF GAMMA RAY ASTROPHYSICS

The potential for y=-ray astronemy is high in the study of ouf solar
system, our galaxy, and the objects in it, and the radiation coming from
bayond our galaxy. In each case, specific av¢as of major anticipated <
advancement can be identified. However, it should also be rvemembared that

advances in astronomical instruments in the past have brought unexpected

discoveries. Whareas, it caanot be pradiccad what they will bamjib seams very

likely that many surprises ave ahead for y=-ray astronomy both because it is a

young field and bacause it is so directly related to puclear phenomena, high

energy parvtisle physics, and very energetic phaan&na.
@

. Q
(a) The Solar System N

It has often been noted chaﬁjtha proximity of the sun makes it of great
astrophysical interest because it is a star that can be studied in great
datail;‘ One of the speciflc objectives of solar y-ray astronomy is the stugdy

of the high energy processes that oceur in the outer veglon of the Sun's

© atmosphere and the relationship of these pﬁan&ména to the basic problems of

golar activity. A measuvement of the intensities of discrete y-ray line

R
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amisaslons will reveal the detailed dynamies and time structure of solar flares
and anergetic particle accelaration. Further, such data should yield

qualitative, and in some cases quantitative, information on the composition of

- gpacific amblent ov transient nuclides in the outer regions of the Sun's

atwosphere. )

An fmportant napaet of the origin and evolution of the solar system is tha
determination of the chemical compoaition of the surfaces of cha planata,
moons, comets, and astaroids. MNeasurements of discrete line X-ray and y-ray
emission from condensed bodies in space can be used to obtain both qualitative

and quantitative alemental eo&position information., Durding tha Apollo 15 and

- Apolla 16 flights in 1971 and 1972, approximately 20 percent of the lunav

surface was mapped for wagnesium, aluminum, thorium,”DOCa&sium, uraniqm,
silicon, stitantium, and oxygen (Metzger et al. 1973; Adler et al. 1975}
Bjorkholm gt al, 1973). A y-ray spectrometer aboard the Sovien‘MnramS orbiter
obtained several hours of data, from an altitude of about 2300 km, indicating
that the average potassium, uranium, and thorium content of the wegions

surveyed corresponds to that of terrestrial vocks like oceanic basalts (Surkov

ot al. 1976). Thrde Soviet spacecraft, Venera 8, 9, and 10 havée carried a

o Q o
Y=ray spectrometer to weasuve potassium, uranium, and thorium, at the surface

of Venus by detecting thorium decay of these naturaiiy vadiocactive elements

°

(Surkov 1977). Direct comparisons of the results obtained Erom the lunar
samples cellected duving the Apello program show that this “chemistry at a

distance” approach leads to quite reliable results.

(b) The Galaxy

The existing knowledge on both the diffuse emissfon and source ewmission

[}

from galactic sources suggest. that the next steps in galactic y-ray astronomy

|
I




N

N

e

may be particularly réwarding. A number of higﬁ—enargy y-ray palactic point
sources have been established, and there have bean over two-dozen localized
excesses ldentified by COS-B (Willé et al, 1980), Many of the latter can
raaaanabiy be expected to be point sources, and, therefore, instruments to be
flown in the future with graacar sensitivity and angular. resolution should
reap a signifiecant crop of y~ruy pu‘ﬁa gournes. By measuring their
properties, the nature of the machanisms“capable of gener&ting 103% to over
1030 erg sl for sources such as PSK 0531421, PSR 0832-45, and Cygnus X-3

-

(e.g. Kniffen et al. 1974; Bennet et al. 1977; Thompson, et al., 1977; Lamb et

al. 1977) in the form of high energy y-rays can be determined, Ian the next

decade, there should be the chance of studying nautron stars, black‘yoléa,
pulsars, and supernovae in the y-ray ragion whg:a the high energy processes
associated wiﬁh these objactgrshould very likely be most clearly ravealed. o
The detailed study of the gamma ray pulse profile and the variation of the
gn#ﬁa ray spactv/g with pulse phase should contribute to the understnndigé of
particle acﬁeleration and interagtion in the magnetosphere of rotating neutron
stars. \

As another example, there afa now thought to be several ways that the
presence of a black hole ;ight be revealéd, and much of the predicted
radiation falls in the raunge of y-rays. In addition to several different
predictions of continuous y-radiation from a black hole, there is also the
prediction of auvery unlque y=ray burst at the death of a small black hole;
some of these bursis should be detectable with a large high energy y-ray

{ingtrument. -

Further, there is the possibility based on theoretical calculations ¢f the

observation of y=ray llnes particularly perhaps from superunovae aund, hence,

the establishment of the sites of nucleosyathesis. Various theories have also

N
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predicted lines, most commonly the half MeV line from slectron-pooitron
annihilation, fro&&pompnct objects. 5
The high enexgy diffuse radiation from the galactic plane resulting from

the interaction of the cosmic rays with ilnterstellar matter and photons

provides the opportunity to study the forces of change in the:Galaxy, the

origin #nd expansion of the« cosmic~ray gas, and the galactic structure
including galactic arms and molecular clouds. Improved angular resolution and
sensitivity compared to that which has been achieved thus far in space are
required to study the spatial distribution, and better energy resolution is
needed to understand more clearly which mechanisms nré dominate for the origin
of the high y~radiation. In addition to the diffuse y~ray continuum existing
in our ngyfy, it is possible for distinct y-ray lines to be fo;mmd in the
interg{igﬁcic medium. mThese iines may be urent§§ in several of the following
ways: (&) The interaction of low-gsnergy cosmié rays with both interstellar
gas and dust grains, (ii) the annihilation of positrons, which have been
slowed down, with interstellar electrons, and (iii) the decay of ndélei which
in turn emit y-rays. These are interesting possibilities for the 1980's.

The origin of the low energy y-vay bursts is unknown, as noted, but they
will be included -here in the discussion of the Galaxy to make certain they are
discussed and tokc;nform with the wore conservative current theories. - In
order to solve)the mystery of the nature of the low energy y-ray bursts, their
locations must be established. With the exception of the March 54 1979 event
(Barat gt al. 1979; Cline et al. 1980; Evans et al. 1980) which seens unique
in many ré&pects, no known eray”or*v~ray “steady"” s;hrces are included in the
few well known positions, noxr any other known example of exceptional claéses

. of astronomical objécts, such as a pulsal or hiew supernova. It will be
important to ioc;te a 1a§ge number of y-ray bursts accurately over the next

decade if progress is to be made in understanding these bursts.
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(c) Extragalactic Radiation =

Several types of galaxies such as BL Lactaral objects; Heyfert galﬁ&ien,
and quasars emit more energy by orders of magnitude than our own galaxy or
other galaxies similar to it. The mere existence of these very energetic

o

galaxies together with their proposed explanations seem inevitably to suggest

very high energy phenomena, implying that y~ray astronomy should ultimately

make a very important contribution to the understanding of the nature of these
galaxiéa. Since y-ray astronomy has now moved below the threshold forv
detection of external galaxies with the observation of NGC 6) 51, 3C 273, and
CEN-A, the next generation of experiments should provid[ an excellent
opportunity to scudy the high energy aspects of these extraordinary

galaxies, Furthex, straightforward calculations based on the emission from
our own galaxy show that about a half dozen normal galaxies should be

o

detectable with y-ray instruments an order o» magnitude more sensitive than

_ those already flown.

o

A diffuse celestial radiation, which is isotropic at least-on a coarse
scale, has been measured from the soft X~ray region to about 150 MeV, at which
energy the intensity falls below that of the galactic emission, for most
galactic latitudes. The Bpec?ral shape, the intensity, and the established

degree of isotropy (alnhnwgh data related to this latter property Is very

limited) already place severe constraints on the possible axplanationa for

this radiation. For example, these considerations make a galactic halo model
interpretation very unlikely.

=Among thé extragalactic theories for this radiation, the more promising

o

explanations appear to be radiation from exceptional galaxies (e.g., Strong,
Wolfendale, and Worrall 1976; Bignami, Fichtel, Hartman, and Thompson 1979) or

the y—ray emission (Stecker, Morgan, Bredekamp 1971; Stecker 1978) from

-~
]
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matter-antimatter annihilation at the boundnrias of superclusters of galaxies

matter and antimatter, in bnryonm;ymmnntic\big bang models (Hnr#&ian 1967;

A

Omues 1969; Brown and Stecker 1979). Definitive measuvements whick could
clearly discinguiah batwsen thesa two theories are of major sclentific
interest. The measurements on thn diffua& y-radiation may, for example, be
the only way to d&cnrmin? if the Universe has baryen~antibaryon symmetry,

i

3. THE MISSION PROSPECTS FOR THE 1980'S ’

A slgnificant portion of the hopes Eor y-ray astronomy in the 1980's are
tied t§ the Gamma Ray Cbservitory proposad by NASA for an FY81 new start.
Other satellite missions devoted to y~ray astrotnomy or carrying y=-ray
instruments include GAMMA~I,,:he”pair of Solar Polar satellites, the Vaera
series, possible planetary and cometavy &1ssiona, other satellites carvying
burst dacactoéa, and possibly an adwgﬂgad solarhabsarvatory and the Space

Platform later in the decade. xc“is also hoped that there will be improved
g
ground level telescopes for the very high epergy y-rays.

, ‘ /i

©

(a) GAMMA I
Ipe next y-ray satellite expected to fly is GAMMA I, which is a joint
effort of four Soviet and two French laboratories and is to be launched in the

early 1980's on a Soviet satellita. It is similar to SAS-2 and COS-B in the

sense that its central element is a multilayer spark chamber system, triggated

by a directional counter telescope, and surrounded on the upper end by an
&

anticoincidence system. The sensitive area is about 1600 cn? ot about 2 2/3

times SAS~2 or COS-B; the area solid angla factor is about the same because

[

ghe viewing angle is smaller. It has an energy-measuriug calorimeter which

ﬁnhan the

i
Ji

should be ahle to measure energies with siguificantly better accuracy

i
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energy~measuring element oﬁ COS-B. The y~ray arrival direction will also be

"measured with greater accuracy. The upper gpavk shifbar syatem 1s a :wolva»y

level wide gap Vidicon system. The divuctionali:yvaf the electrons is
determined by a time-of~flight system rather than a dircctional Cerenkov
counter. The time-of-flight system approach to the directional measurement,
which will also be used in the high-energy y-ray caigkcope"co be flown on the
GRO, has proved to be an order of magnitude more efficlent in rejecting
undaairqdlévmnts than the previouslyl used directional CarankoQ systens.
Because of the space. & )uired, it could not have been 1ncorporntad in the
earlier nissions, even if the low power spacefligh qunlity electronics had

been developed.

Thn improved senaitlvity »mg y-ray directional accuracy should allow

better definition of the ch{/act ristics of the galactic plane and provida
bathar position information >ny or most of the 1oc?1ized excasses already
observed, as well a8 possibly add ng to the number npﬁobaarved extragalactic

é&ﬂtcea.

(b)\ Gamma Ray Observatory
\ A=A

The Gamma Ray Obaervatary\is a mission planned by NASA for a ueﬁ‘start in
1981, if approved, and a launch in the mid-1980's. There would be several
large y-ray experiments which together would study six decades of energy
ranging from 0.03 MeV to 3x10% MeV, with a major increase in sensitivity over
previous satellite experimeats. The scieﬁfific goals of this mission can be

summarized as follows:

i.. A study of the dynamic, evolutionary forceés in compact objects such
-.as neutron stars and black holes, as well as y-ray emitting objects
* whose nature is yet to be understood.

4
ii

ii. A search for evidence of nuclaosynthesis ~ the fundamental building
process in nature - particularly in the environment of supernovae.

1L )
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The exploration of our galaxy in the y~ray range particularly with
regard to raglons difficult to observe at other wavelengths, the
origin sid dynamic pressure effects of the cosmic rays, and
structural features particularly related to high-&nergy particles.

iﬁa study of the nature of other galaxiégﬁln the high~-energy vealm
and especially the sxtraordinary ones such as radio galaxiaes,
Seyfert galaxies, and Q80'a. ‘

The study of cosmological affects througii' the datailed examination
of the diffuse radiation and the search for primordial black hole
emission.

These scientific goals necessarily require a set of large ihdividual

experiments since several instruments are required to cover the entire energy

range and all must have a significant incresse in size over earlier satellite

experiments to achieve the desired increase in sensitivity, It is advanta-

geous to combine the required instruments into one mission not only because

they place aimilar requirements on a apa¢ecré§c, but also because of the very

great sclentific value of studying the entire spectrum of any object at the

game time to examine in detail the nature of time wvariations.

The combined compliment of instruments to be incorporated into the Gamma

Ray Observatory is expected to have the capability to carry out the following:

L

i1.

1ii.

iv.

A survey of high energy y-ray sources and diffuse emission with a
poilnt-source sensitivity of 10~/ photon em™2 sec™! or better,
angular resolution of about 0.1° for strong_sources, and energy
resolution around 15° at energles above "~10“ MeV.

A survey of y-ray aour%es and diffuse emission with sensitivities
around 1072 photon em™% gec™! and energy resolution around 10
precent at energies between 0.1 and 30 MeV.

Detection and identification of nuclear gamma lines with an energy
resolution of <0,4 percent and gensitivity of the order of. 5x10~

photon cm~2 see™t, The initial subjects of observation will be the
interstellar mgdium and supernova shells.

Observations of y-ray bursts, including studies of their spectral
and temporal behavior.

The technology to tuild the appropriate instruments exists, and a set of

. instruments has already been selected for the study phase by NASA.

R K. PR SRR S S
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Although the Bpaciﬁic spacecraft for the GRO has nqéyyat been selected,
its capabilities are dictated by the mission sclentific requirements. The
spacecraft must be cnpag}u of accommodating approximately 6500 kilograms of
instruments and must sdbply about 400 watts of experiment power. The 32
kilobit data rate will be nupportedl%hrough NASA's Tracking and Data Relay
Satellite System. Celestial pointing to any location on the sky will be
maintained to an accurrcy of 0,5 with the kﬁSwledge of the pointing direction
datermined to an nccuE;cy of two arc minutes. Absolute time will be accurate
to 0.1 milliseconds. The attitude and timing data together with orhital

position will be encoded into the telemetry data.

(c) Gamma Ray Burst Detectors

The two Solar Polar missions of ESA and NASA to be launched in the wid-
1980's when combined with the ggtcllitas cloge to the Earth, including GRO,
will provide a powerful long bﬁaelina network :ov the a&curnte location of the
low energy y~ray bursts. The Venera sevils and poasiblgsplanetury, cometary,
¢r aptrold satellites can contribute to this network in an important way. The
long baselines available in this network together with the already existing
accurate (iming should provide gubstantially improved position determinations,
which should clearly identify the objects fromfwhiéﬁjthesevﬁursts come if they
are in fact clearly geen at other wavelengths.

In addition te the excellent positional determination to be ohtained‘by
this network, the preseatly planned GRO burst detector will be able to observe
time vériations down £6°0,1 ms for strong spurces and to detect épectral
&Qriationa on relatively short n&merscalaa, These~obsarvations will allow the
study of models of emission mechanisms and source geometry in detail, For

example, models based .on radioactive decay, cooling of a hot plasma, and

synchrotron emission follgwing sudden injections of relativistic electrons

IO
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into a strpug magnetic field would each predict different gpectral variatioﬁ;
during a burst. The GRO instrument will also contribute in another way. The
detectors on interplanetary spacecraft are, of necessity, small and relatively
insensitive. As a rgfult, only the strongest bursts can be located by the
netwo;k being discussed. However,{pumerous additiona), bursts that aﬁg too i
weak to be detected by the interplahetary network will be detectablé);ich the

large area monitors aboard GRO. Their positions may be determined to about

one degree or better by comparing the responses of individual detectors

B

pointed in different directions. The detection of hundreds of y-ray bursts in
the two year lifetime of GRO will allow an accurate determination of the

distribution of these sources.

(dﬁ* Solar’ System Studies

o

Although several solar, planetary, and cometary m%gbiogf have beeﬁ
disdussed, the two Solar Polar satellites are currently the only ones approved
in the NASA and ESA programs beyond those already in space. Each will carry a
scintillation detector to measure the time history of solar Y~{%ys and four-

channel energy resolution in the range from 15 to 150 keV. The energy

- spectral information will be obtained every 12 seconds, The results should

aild markédiy;in the study of tﬁg fundamental nature of the acceleration,
storage, and escape processes of energetic electrons in,solar flares. 1In
addigin&‘ the possibility of an Advanced Solar Observatory is being
cozgidered, aad 1t would hOpefully include a discrete y-ray line detector,

which would augment the results currently coming from the Solar Maximum

Mission.:
A

{e) Very High Energies
As mentioned earlier, at extremely high energies (above about 10° MeV),

photons can be detected by instruments at sea level which record the Cerenkov
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light produced in the atwosphere from a series of interactions initiated by a

single incident y ray. These taelescopes are able to scan a reglon of tha sky

SN
where a source is suspected, and make an attempt to detect a dlrectional

anisotropy awong the air ghowers which ils statisticially significant, Saveral

techniques have been uged to enhance the sensitivity primarily by improving
the signal to noisa rxatid (Porter and Weaks 1977), and others may be
implemented in the future at a relatively modest cepst. A technique using two

parallel large reflectors, each equipped with multiple detector channals to

provide two images of the shower in Cereukov light, appears to be one of th¢{>

more promising approaches for the future (Weekes and Tuvver 1977).
The search for additional verﬁ high energy y=ray soyvces and the

measurenment of their properties including the time history and at least gome

spectral information is of fundamental importance in undevstanding the -
Lo

processes in nature which can lead to 10+ ev ¥y rays. Their mere existence b

has been a surprise to some astrophysicists.

J (£) Space Platform

Curront NASA concepts for the Space Pintform‘enviaiau free-flying
structures, designed forcaifetim@s of at least a décade, congigting of a
central module (containing control-moment gyroscopes and conmunications
equipment) attachad to a substantial solar-power unit. Appropriate docking
fixturas would permit the simple attachwent of a aumber of pallats |
functionally similar to, LEf not identical to, those used for Spacelab
experiments. Platform extension arms would be used to(}educa interference
between experviments, most of ;hich,would/carry their owa pointing systems for

the requisite precision. Shuttle f£lights, most scheduled for othar reasons,

o
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would be able to visit the platform several times a year to reprovision
axpandable wmaterials, provide vepair ox-weplacement ofexperimental hardware,
and boost the platform to higher orbit as necessary. Typlcally a large

“instrument could be brought to the space platform, operate there for the order
of six months, and then be vetriaved.

Whereas this program is not approved, being only in the study phase,
thare clearly exist areas of space astrdénomy with requirements for long, low-
cost exposuras of large ﬁﬁylonds qu which accessibility for replenishment of
expendable materials, repair or raslacam&nt of componentg, and xeturn to Basth
for reconfiguration is very desicable if not requived, Gamma ray astronomy
will be among these areas of space m:t:x:mmxm,vz.,:9 With the y-ray sky surveyed in
some depth with the GRO, for example, it wlll be pog;ible to concentrate on
the detailed features of discrete sources and to study carefully limived
voglons such ag clouds, galactic arms, and nearby gaiaxias. The charactey of
the expansion forces, high-energy processes, anucleosynthesls, and coswic
relativistic particles should then be revealed in fine detail, The full
solution of problems related to galactic dynamics, compact objects,
gupernovac, and the nature of radio galaxies quasars, and other truly
exceptional objects will be accomplished by combining these unique y-ray
astronomy results wlth fnformation from other wavelengths.

Thus subsequent to the GRO, a very large high—energy telescope will be
needed that will concentrate fox long perlods of time on particular sources
and limited veglons of the sky of special interest:. This Is necessary to
aéeumulaté the statistical volume of data required to vesolve spatial and
spectral features of the sources in great detall and to study tewporal
variations continuously over periods adequate to decipher complex dynamic )

behavior. A large high-vesolutlion nuclear Y-ray spectrometex will algo be

(NN
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roquived for in-depth study of the y=ray lines f{rom such processes as ’

vadionctivity in suparnowa remnants, positron aunihilation in the galactic

s

i

|

: . I

disk ov aextragalactic lntaractions, lower-anergy cosmic rays passing through ﬁ

£

‘ dense matter, and nucleosynthesis in violant events in distant galaxies, In %
é/\

view of the major potential of y-ray astxgﬁ%ng\gnr contributlons to a wide : E

( DN o
« range of astrophysical problems and the ulfﬁnvﬁ&fnémd for avan move sensitiye

7

(4? jnstruments of improved angular and energy vesolution, the development ol new ¥

) ,
» and lmproved detector systoms ahould be a key part of the y-ray astronomy

HI

R A . sl

program over the next decade.

3

A SUMNARY /

'

Colestial y~rays have now been seen from the sun, the meon and planets,

compact obJects, the tnterstellar wmedium, and active galaxies, Also detected ;
has bheen a diffuse rvadiation of poasible exceptional cosmological |
gignificance, low energy y=ray bursts of usknown orvigin, and & high euergy y=

f ray source with no obviocus counterpart at other wavelengtha.  Still y=-vay
agtronomy ls a young, growing science, and the potential for fundamental
contributiong to astvonomy and astrophysics in the near futuve ia vary
lavges.  With the study of coswie vwrayé, the forces of change, the formative
process in the Galaxy and Tnterstellar clouds, vapid expansion ﬁro&easés,

. oexplogions, the largest energy tr&ﬁﬁf&rs, very high evevgy purtiéla
accelevation, and even the fundamental provess of the creatlon ol elements are
all dirvectly exwmined. If the mission opportunitles that have been Aiacu&aﬁd
here come inte being, the results that will be obtained, particularly in .

. (
combination with those from other areas of astronowmy, will prqy&da an entively

! aew look ab our solar system, the Galaxy, snd the Universe, giving wuch better

tngight intt thedr creation and evolution than is currantly available.
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