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ABSTRACT

The purpose of this paper is to review and discuss observa-

tionel facts and related arguments concerning x-reys and y-rays of

cosmic origin which have become availeble in the .past few years.

First, obsefvational methods will be summarized briefly. Next, a
review of the many unexpected results of observational facts of cosmic
x-rays in the 1 /A/10 kev range is presented. 'Physical procerses

of x-ray gen;aration in discrete x-rey sources are briefly d:iscﬁssed.
While the discovered discrete x-ray sources &re in the galactic plane, |
an isotropic component which is likely of extragalactic origin seems

to exist. %thiona of radiation.from several tens of kev up to
7-ray energies will be reviewed. ‘l‘hough no 7y-rays of proven cosmic
origin have been detected, upper limits set for various suspected
discrete sources end the isotropic component have considerable physical

significance.



,j[ Introduction
0

Studies of cosmic y-rays and x-rays have opened & new field of
astrophysics and provided new tools to explore the universe. In
particular, observations of cosmic x-rays have provided a continuing
source of signif_’icant information simce their discovery. In the case
of 7-rays (> seversl Mev), no y-rays of proven cosmic origin have been
detected so far. There is; however, some evidence for & general back-
ground and even the upperlimits of intensities given to various astrono-
micel objects have considersble astrophysical significence.

Since any possible physical processes of y-ray and x-ray generation
a&re deeply related to the physical nature of the source, it is clear
that 7-ray and x-ray astronomy will plsy fundsmentel roles in under-
standing various astroncmical problems.

Various mechaniem for the production of 7-rays and x-rays through
the interaction of energetic protons or eleétrons with the interstellar
medium or photons are. smmrized schematically in Pig. 1. In the figure,
relations are indicated for various generation mechanisms along the
generating media (indicated by circles), the input protons and electrons
and the generation outputs (1ndicated by squeres).

As the generation mechanism of y-rays, we consider ‘bremastrahlung
in the mferactions of energetic electrons with interstellar matter agd
the decay of neutral pions produced in collisiohs between cosmic ray
particles and matter or photons. Compton scattering of low energy

photons by energetic electrons (inverse-Compton effect) was discussed
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for the generation of x-rays. (Felton end M‘orrison 1963) The

frequency range of synchrotron radistion emitted by electrons moving in
magnetic fields may extend to the x-ray bend if the emergy of the

. electrons is sufficiently high Thermel radiation of a very hot body of
temperature 107N 8% 18 in X-ray band. Characteristic x-rays are
produced after a shell electron of en atom 1s knocked out by a high
energy paz;ticle.

Several review articles are available for physical processes for
x-rays end 7-ray production (Gould and Burbidge 1965, Ginzburg and
Syrovatsky 1964, HW and Matsuoka 1965)§ There are also reviews
uﬁich include experimental aspects. (Germire and Kraushesr 1965,
Giacconi and Gursky 1965, Friedmen 1965, Hayskewa et al 1965 b). .

Whether one or more of these physical processes cen be compatible
with ‘the vobservation and with various astrophysical parameters or not
is the main point of the interpretation of observational facts. Success-
ful interpretsation of the facts, together with further progress in obser-

vations will lead us to a deeper understanding of astronomy.

Atmospheric and Interstellar Absogption of Electromagnetic Radiation:
. Fig. 2 shows the atmospheric absorption of electromagnetic radiation.
Curves represent atmospheric levels where the mténsities of the radiaton
of various energies are reduced to 1/2, 1/10 and 1/100 of initial values.
It is obviocus that except for the optical and radio bands the electro-

magnetic spectrum is observable only outside of the atmosphere.

\
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. Outside of the atmosphere, the radiation is atoorbed by the ‘mtei_'-
steller medium and starlight photons.
The curves in Fig. 3 represent the range of exploration in the
space with radiation of verious wavelengths. The curve determines
the density of the interstellar matter (in atams/c.c.) times the |
distence (in 1light years) to reduce the intensity of'fadiation to 1/e
of initial value. Assuming the average density of the matter to be
0.3 stams/c.c., the galactic center and the Crab Nebula are indicated
on the figure. Interstellar space 1s essentielly opague in the region
from 912 & (13.5 e.v.) to about 50 £ because of the absorption due to
the process of ionizing interstellar hydrogen, helium and other gases.
In the 7-réy energy region, the absorption or the attenuation of .
the radiatién, due to pair production in collision with chargedAparticlés
ax{d Compton scattering is very little and the 7-rays can pass through
the inter-galactic space as long es the Hubble distence (1.3 . 1028 cm).
The absorption of energetic Y-rays of energy > 10]2 e.v. by pair
production in photon-photon collisions may have & mean free path comparaple
to the Hubble radius. For the extremely high energy range of gemma-rays,
> 1017 e.v. it may be necessary ﬁo take into account the sbsorption
by collisions with photons of véry long wévelength. {coldreichand
and Morrison 196k4).

N %
T ” Method of Observetion: (1)
Thus far, most x-ray observations have been mede with sounding
rockets (Aerobee) which reech a maximum altitude of about 200 km ellowing

observations above 80 Im for about 5 minutes. The rockets have carried

# PMurther details will be described by Giacconi et al on the Proceedings
of Varenns Summer School on High Energy Astrophysics (1965).
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various detectors of sensitive areé from 10 cm2 up to about 1000 ana.
| The techniques used to scan the celestial sphere with a rocket
' borne detector are illustrated in the following three typical cases.

a) Repidly Spinning Rocket

The rocket is spun et a spinning frequency of about two revolutions
per second and approximetely maintains the frequency until it-re-enters
the atmosphere which reduces the frequency through atmospheric drag.
The motion of the rocket while it is outside of the atmosphere can be
treated as a freely spinning rigid bedy as a first spproximation. The
motion consists of a spin with constant angular velocity ercund the minor
. 8xis of inertia and.a precession of the spin axis around an axis fixed
in the space and perallel to the total angular momentum (precession axis).
The half epex angle of the precession cone in this case usually is
less than 15°. Suppose thet the detector has & rectenguler field of
vievw in the rocket frame of reference as is shown on the celestial
sphere in Fig. 4. A bend of sky is scanned by the fleld of view by
the spinning of the rocket. While the spinning axis precess; an éven
broader region of the sky is scamnned &s is indicated in the figure. The
celestial source ic seen whenever the field of view transit the source.
The source is seen periodically provided thet it is kept in the band
which the field of view scans. The period between successive tran_sits
of the source is essentially equal to the spin period, vhich is subject
. to a slight secular veristion and & small periodical veriation produced

by the precession of the rocket.



-5-

The number of counts per passage of the source across the field
of view is usually small and delicate superposition or "synchronization"
of the counts as a function of the azimmth of the detector exis with
respect to the revolution is necessary in the course of analysis of °
data in order to obtain significant results. This is the typical
method of enalysis which ASE-MIT group adopted.
| b) Slowly Spinning Rocket 7

In some experiments; the rocket was despun or the. spin velchi_ty
was reduced by weans of gas jets after it reached a sufficiently high
eltitude. Then the apex of the precession cone grestly increases and
the frocket starts to tumble. Thus, & larger portion of the sky may
be scanned. Alth@ the source is seen much fewer times, the sky is
scanned much more slowly end the counts during ‘one revolution may have
considerable significance. For example, Friedman et.al., (rm.-grouia)
covered most of the celestial hemlsphere above the horizon by a detector
vith nearly & circular field of view of 14° in diemeter with a scanning
speed of one revolution/6 ~~ 8 sec.

c) Attitude-Controlled Rocket:

Thus fer, the attitude coatrol system (ACS) is based on the use
of gyroscopes & sensing devices and the control is provided by gas

Jets. Gas jets cause the spin exis to point to & prescribed direction.

R. Gilacconi and the group of physicists at American Science and
Engineering, Inc. and B. Rossi and other physicists et M.I.T. will be .
referred as ASE or ASE-MIT group. K. Ffiedman's group at Naval Resea.rgh )
Leboratory, P. Fisher's group at Lockheed and S. Hayakewa's group at

Ragoye University will be referred to as NRL, Lockheed and Nagoya respectively.



It is then possible to keep the .axis of a given detector pointing

'to a given direction within a degree or so or to make it sweep at a

prescribed speed over & certain angular interval. This type of rocket
vas used by HRL group for the obsgrvations of the lunar occultation of
the Cradb Nebula and by Lockheed group to sct;.n the galactic plane.

Several satellites have been used for the observétiqn of cosmic
7-rays. Kraushear and Clark (Kraushear and Clark 1962, Kraushaer et. al.
1965) first used Explorer XI with a gaxmia- ray detector of effective
area of asbout 45 cu®. The Explorer may provide an observation time
of the order of 3000 hours. Also, thez_'e are experiments planned on
the QA0 which may provide an observation time of about 3000 hours and
with an effective detector area of ebout 1000 cu°.

L. Petersan (1965) used the 080;1 satellite to £ly his 50-150 kev
photon directional scintillation detector and & "Compton telescope” for
the 0.3 Av 3 Mev range. Afnold et. al. (1962) measured photon fluxes
wvith an isotropic counter Qa & boam on the Ranger III. |

Also, balloons have been used for the observation of x-rays and
gema-rays. In order,'to distinguish the radiation of extraterrestial
origin from the ambient background of secondary radiation in the atmosphere
only highly directive radiation is looked for.

Observational Methods: (2)

Detectors
a) G. M. counters and proportional counters
The G. M. counters which have been used for x-ray observations of the

sky are sensitive to radiation in the range 1.~ 10 £ The long wave-

~ length limit is set by the window material and the short wavelength limit

by the £illing gas used.
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Berylium vindowa of thickness -“%Wm inches have been success-
fully used. This thickness corresponds to the sbsorption length of
x-rays of 8 &, end it is essentially trensparent for x-rays of shorter
vavelengths. Possibilities of using even thinner window of Aluminum
or hydro-carbon are under study and it will soon become pogsible to
extend the observable range to 20 £ or even 30 R. |

The efficiency of the counter starts to decrease for incréasing

energy of x-ray. quantum when the gas of the counter becames transparent.

Argon gas of one atmospheric pressure and 5 cm deep begins to be semi-

transparent et sbout 22 £. Using & heavier gas such as Xenon one can
easily meke the‘ counter sensitive up to say 50 kev. An effective comﬁ:er
area of about 100 cm2 is now very common. Proportional counters may be
very useful for spectral observations. Pulse height distributions of
a Xe-filled propcrtiénal comnter for various monochramatic sources are
shown in Fig. 5.

b) Scintillation Counters |

Scintillation counters have been used for observation of both 7-rays
and x-rsys. The output pulse height is proporticnal to the energy of
the x-r@ Quantum with fairly good accuracy. The 'average energy per
photoelectron fof, a typical scintillation counter is 1000 ev whereas
the average energy per ion pair produced in the proportional counter is
the order of 30 ev. Thus, the scintillation counter may be suitable

for camparatively higher energy regions of x-ray, say > 10 kev, vhere

the proportional counter looses efficiency and resolution.
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The Explorer XI experiment (Kraushear snd Clark) Kraushaar et. al.
for detecting gemma-rays relied upon the directivity of the electron-
positron pair produced by the @nm—rw in & CsI-Kal counter in
combination with scintillation counters and a Cerenkov counter.

An axrangement of scintillation counters in coincidence called
as "Compton teiescope" (Peterson et. al.) was used for 0SO-1 experiment.

c) Photoelectric Devices

A photoelectric detector is essentially made by a combination of
& large photocathode 'and anelectromultiplier in such a way that
Photoelectrons ejected fram the photocathode are led to the first
dynode of the multiplier. The effieiency of the photoelectric effect

‘et the solid surface for incldent x-rays of 1~ 10 R 1s typically a
fraction of percent. It increases to the order of & percent for grazing
incidence. Also, there is evidence that for longer wavelengths (10 R

~~ 30 8) the efficiency is higher.

A group of Rusaien scientists discovered (1960) thet some alkali
_halide, like CsI, SrF, have anomalously high efficiency for x-ray
photons emounting to the order of 20% or more.

"~ The ASE group made succéssful use of this detector on & rocket with

a sensitive ares of 40 cu and sensitlive wvavelength up to 12 £. The

virtue of this detector is that it can be made sensitive to x-rays of
long wevelength because a strong window i1s not necessary.

d) Spark Chambers
The virtue of this tecﬁnique is the combination of its directiomality

(say, 1° for 1 Bev gemme rsy) and its broad acceptance solid angle.



«Q-

Thus, tﬁis fits the purpose of surveying discrete source of gamms
rays. Because of its directivity it gsins in signal to noise ratio
for £inding a discrete source egeinst a high background cver a sinple
counter system. This ensbles Greisen end hie Cormell group and K. plen
and the Rochester g-oup'to design experiments (Greisen et. al. 1965)
for balloon borne detectors in spite of & high background of secondery

origin at the balloon altitude.

a) In order to resolve Xx-r&y sources and to obtein accurate
information on the lccation and the angulsr sizes of sources, it is
necessary to limit the field of view of the detectors. A collimator
of a honeycamb type structure was used by the NRL group to provide
epproximately 8 circular field of view of 14° diemeter. Cellular type
collimators were used by ASE to get a typical field of view of 3°
wide by 40° long.

b) The canbination of high resolution and broed field of view
wes achieved by/e-\"modulation collimator” developed by the ASE-MIT group.

The principle of this conmfoﬁr 1s schematically shown in Fig. 6.
Depending upon whether the angular size of the source 1is st.lér or larger
than -%- radian, the coilimtor produce or does not produce the
t"lnocmlm::I.ox:x" of the flux vhile the ctriexitation pf the collimator with

respect to the direction of the source changes. Thus, the size can dbe
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estimated by the magnitude of the modulation. An exsmple of observationél

‘results is shown together with expected curve (dashed line) for a size

<< 0.5°. |
A col.lﬁm.tor of 7' resolving angle was used to determine the size
of the SCO-X-1 source. It will be feasible to design & rocket-bourne
mlliné.tor , of, say 1/ arc minute resolution with a broad field of view.
With this collimator , one cen also determine the location of a
sowrce on & group of lines proJectéd on the celestial sphere according
to the angular response of the collimstor. It will be posAsible to

limit the possible location on few lines.

Tmage Forming Telescopes
Image forming telescopes heve been constructed and used for solar

¥-ray astroncamy by ASE. This instrument consists of two reflecting
surfaces which provide total fef'lection of x-rays wnder grazing incidence.
This instrument may present an image of a source with an angulzar
regsolution of perheps & few arc second when it ie well pointed towards

the source.

Observational Facts (x-rays)

The existence of extre solar x-ray was first discovered by Giacconi,

Cursky, Paolini of ASE and Rosei of M.I.T. (1962) with a spinning rocket
launched in June 1962. Geiger counters with & wide field of view were

used and & strong source in the vicinity of the CGalactic center, however,
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off the center slightly, and & possible weeker source in the Cygrus
constellation were detected. Also a diffuse backgrcund of probably
celestial origin was observed. Two additionel rocket experiments by
the same group (Oct. 1962, June 1963) (Cursky et &l 1963) with similsr
instrumentation confirmed the results and gave an indication of
another source in the direction of the Credb Nebula. Friedmen and the
group at the Naval Reseerch Laboratory (NRL), in the meentime, flew &
collimated detector in April 1963 which scanned the general region of
thé Scorpio consfellation with an engular resolution of 14°. (Bowyer
et al 1964 a b). They detected & strong source which was definitely
off the Galactic center since the flight was mede while the Galactic
center was below the harizon. This flight also revealed the source in |
Teurus vhich is ebout 1/10 as strong es the first sourée.

In July 1964, the NRL group (Bowyer et el 1964 c) succeecied in
flying an attitude-controlled rocket at the moment when the moon occulted
the center region of the Crab Nebula. This experiment clearly showed
that the Taurus x-ray source was indeed the Crab Nebula and hsd &
finite enguler diameter of ebout 2 erc minutes.

In 1964, five rocket flights were carried out. ASE & MIT group
(Giacconi et al, 1964 &, Oda et al 1964, Giacconi et al, 1965, Clark

et a1 1965) with tvo rapidly spinning rockets (Aug. 1964 end Oct. 1964)

resolved the Scorpio x-ray source and a source regioh in the vicinity
of the Galactic center which extends along the Galactic plane. Two

discrete sources in this source region were identified and located.
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The NRL group (Friedman 1965, Bowyer et al 1965) with a despun
slowly spinning rocket launched in July 1964 and Nov. 1964, scanned most
of the narthern sky above declination -57° and observed the source region
along the galactic disc extending for about 60° of galactic longitude in
Serpens, Segittarius and Scorpio, two‘sources in Cygius and the Crab
Nebm. The souwrce region was concluded to be composed of probebly
severél sources whose locations and intensities were tentatively given.

Fischer et al (1965) scanned along the galactie plane from 1., 7% 320°
to 1. 2 160° and determined the gelactic longitude of several sources.

Clark of M.I.T. succeeded in 1964 (Clark 1965) in detecting x-rays
from the Credb Nebula with & belloon-borne 1natr\meﬁt in the energy
region > 15 kev.

Fig. 7 shows the part of the sky which has been scanned by the KRL
survey of July and Hovember 1964. Regions of the sky studies by ASE-MIT
are also indicated. |

Locations of sources discovered so far are summarized in Fig. T and 8.
The strongest sowrce in Scorpio (SC0-X-1) was observed and located by
thé ASE-MIT, NRL and Lockheed groups. Intensities of the 5C0-X-1 estimsted
by these groups are in reasonably good agreement. Typical figures may
be listed as follows aefter Giacconi, Gursky and Waters (1965).
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Counting Rate Integrated Power Integrated Flux

Energy Range Counts/m2 sec ergs/cm2 gec Photons/cm2 .pgcm
1A 10kev 16,8 + 0.6 (1.6 + 0.4) . 1077 R +6
8 kev 1.2 + 0.3 (3.3 +0.8) . 1078 1.8 + 0.4

* Counts for 1 ~ 10 kevaobtained with Argon-filled GM counter with a
Be-window of 9.0 mg/cm” thickness. Counts for > 8 kev were obtained

with the Nal counter.

¥

Integrated over the energy range.

4t Considering the spectral response of the counter and based upon the
assumed energy spectrum of ))“/ .

The upper Mimit of the intensity of discrete sources which might
have escaped the obgervation is about 1/20 o 1/30 of the intensity of
8C0-Z-1 socurce for most of the indicated region of the sky.



Fig. 8 summarizes the observations by ASE-MIT, NRL and Lockheed groups.

The existence of the camplex source raglon near the Galactic center

is agreed on by ASE-MIT, NRL and Lockheed, though details are somevhat

contradictory. Results of ASE-MIT observations are sumnarized as follows:
1) The location of the source in Scorpio (5C0-X-1) is either

one of the following two locations:

16 h 12m 16 h 19a
-15.6° or l14.0°

The exror in this locetion is about + 1/2°

2) The source region between lII = 340° and 1. = 15° 4s limited

IX
in & narrov box of the width 6° as indicsted. This box is slightly off
the galacticplane and the Calactic center, therefore, Sagittarius A‘
is not likely to be & strong x-ray source, though the possibility of Seg. A
being in this box cennot: be completely ruled out.
3) fhe integral intensity of this box region is ebout 1/2.5 of
SCO-X~1. " |
4) The region may be composed of several discrete sources,
though @ possibility of a diffuse background cannot be ruled out. The
intenaity of the composite discrete sources camht be larger than 1/12
of SCO-X-1. At least two discrete sources in this box are clearly located.
5) The rement of lsolgxé%%:fé' gg ’a source or at lesst its in-

tensity is less than 1/30 of SCO-X-1.
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6) There is an indication of a wesk source in a2 nerrcw region
bel&w the galactic plane as indicated.

The NRIL, @'oup concluded that at least several discrete sources
are resolved in the source region which extends from 1y = 340° to
1,; = 20° end that configuration of the region can be best explained by
e group of possible sources indicated in the Figureé Ty 8, 9. The
intensities assigned for the sources in the unit of the intemsity of
S5C0-X-1 &re indicated in Fig. 8. The intensity of the Crsb Nebula
is concluded to sbout 1/T of that of 8C0-X-1 in the same wavelength
range. Two sources were located in the constellation Cygnus but neither
of these coincide with the Cygnus loop or Cygnus A.

The Lockheed group resolved six sources by scanning along the
galacticplane 28 shown in Fig. 8, 9. This group concluded the location
of SCO-X-1, as 168 168, -15° 36° with an accuracy of 15 arc minutes.
One of the two Cygnus scources located‘ by NRL was confirmed.

As described before, x-rays from Taurus were observed by the NRL
group vhile the ¥oon occulted the Crab Nebula end cleerly were shown to
come from & region of engulaer dlemeter of 2° near the center of the Cred
Nebula. This is the only x-ray source, thus far, vhich has been
identified with any astroncmical object observed with radio or optical means.

In sumery, one may conclude as follows:

1) There is an x-ray source in the Crab Nebula that iéatypical
supernova remment.

2) There are at least seven or eight discrete sourcee which are
located within 5° of the galactic plane but with & scattering
- of ebout 3°. They show & icose clustering towards the gelactic center. |
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3) ScO-X-1 is an exception being more than about ten times
stronger than any other sources and lccated at somewhat high galactic
latitude (250) though its direction is still in the general direction
of the Gelactic center.

L) There is no evidence for the identification of x-ray sources
with any astronomical objects which are observeble with radic or visible
light except for the x-rgy source im the Creb Nebula.

5) Anguwlar sizes of discrete sources are small. Most of the
sources in the complex region near the galactic center are smeller than
30's The sowrce 5C0-X-1 18 maller then 7'

6) None of the following objects show the evidence of x-ray
emission of mtensity larger than 1/20 of SCO-X-1; Orion complex;

Cyg. A., Quasers, SN remnants except the Crad Rebulas (SN1054).

T) It has been agreed that there may be a diffuse, probebly isotropic
background. This will be discuseed later in more detail.-

The informaticn on the spectra of x-rey sources is still very meagre.
So far, the information is aveilsdble only for the epectral region of
1~240 kev with very limited accuracy. A tentative spectrum for the
SCO-X-1 is synthesized in Fig. 10 from various pleces of resulte. '
Giecconi et al (1965) concluded the following parameters respectively

for assumed spectral functions in 1 A~ 10 kev range from the comperison
- of counting rates of (M counters with no filter and filters of different

thicknesses:
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a) power law 3 a = 1.1 + 0.3

T= (308 : 108)9 1°7°K

T = (9.1 + 0.9) .10%%

b) exponential law

Yo

¢) Planck's law

%0

A power iaw is typicel for synchrotron radisticn and inverse Campton
effect. An exponential lay is the chsracteristic spescirum of radiation
by free-free transiior in a hot and optically thin ion cloud of témperatm*e o
The spectrum beyond 10 kev obtained by the pulse hight analysis
of peintiliation counters and proportional counters séems to rule out
the PLanckwlaVatm;e agpectra. Furthsr discussions on the shape of the
spectrum must be reserved until more data are availuble.
There is an indication suggested by ASE and also by MRL (Friedmsn
1965) that the spectrum of the source region near the galactic center
msy be harder then that of 8C0-X-1. '
The importance of the spectra in the longer wavelength region has
to be emphasized. Depending upon the distence to the scurce, the spectra
should show & cutoff at different wevelengths, typically from 15 X to 30 &
would be sbsorbed and the Creb Rebule mey show & cutoff around 204-30 .

Generation Mechanisme of X-Rays

1t should be emphasized that intensities of the discrete sources
(lo"sfv 1077 ergs/cmaaec) are very high. 8o, they must be sstroncmical
object in which a very efficient generation mechenlism of x-rays is at
work but at the same time; they do not emit substantial radio end optical

radiation except in the case of the source in the Crab Febula. Various
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Physical processes have been digcuasede (See Fig. 1 and review articles
of theories)

1) Synchrotron radiation of electrons in the 10°* ev range in a

magnetic field of 10" 107" gauss provides the redistion in the x-ray
band. However, since electroms in this circumstance lose their enaergiles
very rapidly (within & year), some mecheniem Of injecting electrons with
this energy very quickly must exist in the source.

2) The bremsstrehlung of an electron of energy of about 10 kev
in an impsct with a proton (and probsbly an electron) gives radiation in
the x-rgy band. Rossi (1964) pointed out that the configuration of cold
Plasma in vhich non-thermal electroms generate x-rays by bramsstrahlung
15 unlikely to be a strong x-ray source and suggested a "hot" plasma as
& possible source. In a plesma of temperature 107~ 10°°K, thermal
energice of electrone is the order of 10 kev and the bremsstrablung of
thermal electrons (free-free transition) is in the x-ray bend. If this
is the case, the question is then how the plasma is heated to this' tempera~
ture and kept confined for & long period. If we consider the. free-bound
redition in the plasme in addition to the free-free rediation, the necessary
tempersture can be reduced by some factor. (Bayekswe et al 1965 d).

We may calculste verious physical parameters of the source for
essumed physical processes end see 1f they ere reasoﬁablea 'As en example,
. in teble I the electron density, the energy density, the-total enexrgy
and the mm:im\m totel megs of the sowrce are calculated in order to explain

the SCO-X-1 for assumed distances to the source end size of the source

for typleal processes. .
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For exsmple, 1f the source were & supernova remént, the total energy
is smaller than .'mée ev. and the massis smaller than 5 solar masses.
Then; for this table we argue that, if the Compton effect is the
process, the‘ sowrce must be nearbyff&xe hot plasma is energeticelly

possible as a source at a distence of kilo par sec.

X-Ray Sources and Supernova

Cne of the x-ray sources was clearly identified with the Crab
Fehula which is a remmant of 1054 mzpeénova (SN) by the NRL group
_ (Bowyer et al 1964 ¢). No positive evidence of x-ray sources has
- been found for other SH remments such as Cass A, Xepler SN, Tycho SN
or Cysnus loop. This mey not be too surprising, however, if we teke
into secount the fact that 105k SN may be the nearest supernova which
has been identified. -

The Creb Nebula radiates an x-ray flux of about 10"8 erg/c:m2 sec
in the 2-v8 { band from its centrel region of ebout 2 arc minutes
diemeter. Considering the distance to the Creb Nebuls, we get 2.105°
ergs/sec as the x-ray ener@'leaect'ed. Pig. 11 is a summrized spectrum
~ of electromagnetic radiation from the Crad Febula. It is well known that
the spectrum up to the opfical region can be explsined by means of the®

synchrotron radietion of energetic electrons. Fram various physical
considerations of the structure of the Crgb Hebula, it hes been main-

teined that the energy of existing electrons may not exceed much beyond

12

10™" ev &nd spectrum of the electromsgnetic radiation may have e cutoff

not far beyond the opticel region. On the contrary, the spectrum seems
to extend quite far. It would be crucisl to know 1if this is the continmus-



-

tion of the spectrum from the optical region or this x-ray band has

different physical origin.
Various physical processes have been considered to explain this

rd

x-ray band -of the spectrum.

Synchrotron radistion of energetic electrons of the band 10V ev.,
in & megnetic fleld of 10"3~~ 10™" gauss provides the x-rays.

However, if the synchrotron radistion is the mechanism far x-ray genera-
tion, as discussed previously , there must be same rapid provess ( <1
vear) by vhich 10°% ey electrons ere continucusly produced in the Crab
Nebula.

It may be easily seen from teble I that the free-free emission of
the "hot" plaama cloud of temperature 10~,10°K 1s possibly the source
in the Creb Nebula though the ergument is tight. It was pointed out that,
if ve essume the relative abundance of elements, the 'free-bmmd transition
can‘be calculated and it is likely to be as importent &s the free-fx.'ee
transition. |

Hayakewa, Matsucka, and Yemashite (1965) assumed a similiarity
betueen the hot ionize cloud in the Crad Netula and hot condensations
in the solar corona which were considersd as the origin of enhanced
soler x-rays and applied the results of the calculation done by Kewebatae
and Elwert to the y;roblem of the Crab Nebula. They showed that essuming
the chemicel composition of the hot cloud to be similar to the camposition
of coamic rays, the temperature of the plasma can be reduced somewhat.

-The question of how the energy was pumpted im;c; a hot pla.m

ocould is snother matter. Gould and Burbidge (1965) showed that the ges



motions of the Crad Nebula e not able to keep the temperature as high

aé lO&)K for a period to be compatible with the observatiocn.

Morrison and Sartori (1955) ;;royosed & model for the history of the
supernova remnant. This model describes the source as e hot, opticelly
thin gas cloud with very rich abunda'nce of high-g elements. The high -

& elements are comiﬁered to be formed by the r-process (repid-process)

in the explosion. Redio-active elements formed in reprocess decay thro@
fiseion end the fission fregments may keep supplying the radicective
energy for an extended period of time, vhich is enough to heat the gas
cloud‘up to the temperature of 108 %K. The process of this radioactive
heating is basically similer to the "Cf-hypothesis of SN remmant"
(Burbidge et al 1957) but as & mucleus of longer lived C 20

m
e:@np}.e, is considered here. This model provides a long-lasting X-ray

s for

source vhich is compatible with the idea of all x-ray sources being SH-
remnants, though the model may be questioned because of its generous
sssumption on the relative @dmce of high-8 elements.

The group at Rice University (Cleyton and Craddok 1965) estimated
fluxes of x-rays or gamme-rays emitted as line spectra based upon the
Cf-hypothesis of SH. The lines distribute between 30 kev and 2 Mev
end the flux of strongest line (390 kev from cf22*9) is estimated to be
about 20”* photons/ca® sec. Experiments to detect the lines are proposed.

Neutron sters were proposed as an abtractive possibility of explaining
the x-ray emission from the sources, immedietely (Chiu 1964; eée review
articles an theories) after the SCO-X-1 and the source in the Crab
Febula were discovered. The neutron star is the hypothetical final state



of stellsxr evolution left after the SN explositicn. It is supposed that
the density of this ster is extremely high (107 g/cmd) end it is
. composed of neutrons vhich are in & degenerate state. After formation of |
the neutrcﬁ star; because of enormous gravitational energy released to
the heat, it remaing extremely hot (typically 107°K) for some timet
(ssy 1000 yrs) and it emits the blackbody radiation which 18 in the x-ray
band at this temperature. It was shown thet & neutron star at typical
distance may be a detectable x-ray source. However, the size of the
source determined by the RRL group and the spectrum > 10 kev region by
Clark made the neutron ster hard to be the direct mechenism of x-ray
source in the Creb Nebula. Thearetical studies of the neutron star have
been continued and {is verious possible reiaticms to the x-roy source
are discussed (c@rm 1965) .

A question may naturally arise. Are all discrete sowrce supernova
remnants? Recall the fact thatf\:;dm'ity of the sources in the galactic

plane cluster within approximately 20° of 1 This indicatos that

ey
the sources are mainly located in the vicinity of the galactic center,
within sgy 1 kpc, and, hence, the distance to these sources from us is
typically 8 kpc. | Then, if ell x-ray sources arc Supernova rements,
ve are lead to the' following arguments by statistical considerations:

1) Since the distances are the seme order of megnitude, the sources

#. The life of a neutron star is quite uncertain because of obscurity
in‘ the cooling process in this hot and highly compressed matter. (See
‘Pgurutz and Cameron 1965).



vhich ere even more than 20 times stronger than tﬁe Crab Nebula have to
be explained. o
2) TNot all of supernovae leaves strong x-ray remnants.
That 1s, only limited cases of supernovee leaves strong x-ray emitting
renﬁmtsg Thus, in order to exp]a:i.n the number of observed x-ray sources,
ve must admit numercus supernovee in the vicinity of the galactic center.
In order that this number of supernovee is compatible with the
generally accepted occurrence frequency of supernovee in the galaxy,
we must assumz very long life for the "x-ray remment”, such as > 102* yrs.
3) Most of supernovee must clusﬁer in the vicinity of the gmlactic
center. This is not likely the case because known remments or suspected
radio and optical remnonts do not show this tendency at all.
Thus, in mny case, the hypothesis that all x-ray sources ere

supernova remnents strees peculisr features of the supernove remnant

- and the x-rgy source.

SC0-X=1 Source

The fact that the SCO-X-1 is the strongest source add is located

at comparatively high galactic latitude (+25°) may suggest that it
belongs to,pby&ca.lw,\sm kind of object as the other sources only

being located nearby. However, if it 1s similar to the source in the

Creb Nebule, it must be very close (like 500 pc) and the following question
has to be answered: wvhy such & near remmsnt cannotbereéognizedby
radio or optical cbservationt” : |

# There 1s a small diffuse object seen in the error circle on the Falomar
Observatory Sky Swrvey. Also the radio astronemy group of Bologna indiceted
a radio source in the circle., But there is no evidence that they are
peculiar. .
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It is not likely that the 8C0-X-1 1s similar in kind to the sources in
the vicinity of the ga:acué center. Thus, the question of wbat is SCO-X-1
is entirely unsolved. It is extremely impoxtent to improve the accuracy
of its location s0 that more thorough seexrch for radio and optical objects
is possible.

Suppose that the physical process in the SCO-X-1 sowrce is either
synchrdtrm radiation or free-free transition by a "hot" dilute gas
regardless wvhich estropamical ocbject it is. Then, the energy flux in
the opticael band is most likely larger then that of x-ray band; f.e.,
10" org/fca® sec. This optical flux corresponds to megnitude 12 end
nder more reasoneble condition it should be brighter. Therefore, unless
it 1s a diffuse source of larger anguler size thsn two arc minutes so
that the surface brightness is diluted down to 22 or 23rd magnitude per
square arc‘eeconds or it is smaller than a fev arc seconds, it should
be clearly distinguished from stars in the field as a bright and diffuse
s ource. Since we know that the size of the sowrce is smaller than T erc
minutes, the enguler size of the source must be in a limited range (2A-T°)
or it must be so emall that it cannot de distinguished from a star.

ﬁmrding the location of the SCO-X-1, the following features mzy
bte worth keeping in mind. 1) Although it is located at a relatively
high galactic latitude, 1t is spproximstely on "L, = 0" line in the
galactic coordinate. This is the source of & suggestion (Marrison) that
the SCO-X-1 may be a Mmm of galectic scale and located on the
galazctic axis in the halo. 2) SCO-X-1 is in the general region of the
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complex composed of O-B stars associetion and interstellar clouds which
extend in Scorpio and Ssgittarius comstellation at a distence of 70O

pc.  3) Relétive locations of the "north poler rsdio spur” to the SCO-X-1
suggests the possible relation between the two. This geometric relation
ia consistent with the following picture. We may essume SN exploded
nearby end thst its expanding relativistic gas cloud compressing the
1nte}°stellar medium, form & well defined boundary which is recognized

a8 the Radio Spur. 4And, the x-ray-source was left in the middle of the
cloud as in the case of the Creb Hebula. Difference of this picture

fram the case of the Crab Neﬁula is that the relativistic ges cloud 18
emphasized here snd the Craed Hebula-type rezmmant somehow has not

/ developed to be visible optically. Consideration on the possible age

of this "SK" and the expansion speed of thé boundery leads to an estimate
of the distance as, sgy, 100~ 1000 l.y.

X-Rey Intensity of Our Galexy

If we admit the clusterimg of sources towards the galactic center,
it can be shoun that the sources near the galactic center bear the most
of the radiative power of the galexy provided that contributiocn of the
isotropic component of galectic origin is minor. Therefore, the ebsolute
intensity of the galaxy is, as the order of megnitude, 10 quanta,{cma sec
1 ~~ 10 kev rangeh X 4T xn@{f ‘o ml‘7quta/@ec o 1 ~~10 kev range -
galaxy)where R, 15 the distence to the galactic center. o

If the Andromeda nebule 18 similar to owr galsxy, its x-ray intensity

is predicted to be sbout -g%gw—-qumta/cma sec. If our galaxy is en average
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gelaxy, the Virgo cluster which is ccmposed of 3000 galavies at & distens
of T000 kpc may have the intensity of about O.1 quants/cm® sec.

Z Background Component of Celestial X-rays and Extragalactic X-ray Sources
Since the earliest observation of ASE the existence of ﬁxe isotropic

x-ray background hes been indicated. Information on the background flux
is summerized in Fig. 12. The ratio, ? » Of the counting rate of the
isotropic camponent to the pesk counting rate of the SCO-X-1 source for
verious experiments are presented for the field of view JZ of respective
measurements. This ratio is insensitive to the experimental conditioms
pmvided the spectra of 80(;?-»1 and the background ere essentially

/é_s’co vhere ¢B is the background flux
for unit solid angle end fg., is the flux density of the SCO-X-1 that

Bimilar. The ratio is:

Ais, sgy 17 coxmts/cma sec in 2 ~¥ 8 § bend. Results of ASE show that
7 is roughly proportional to ﬂ ac 15 expected 1f the background
is truly x-reys coming from outside, except for one result which is sus-
Pected to be in error becsuse of & partial feilure of the‘ veto-counter
vhich rejected cosmic rey perticles. All other 'data were obtained without
the veto-counter and, hence, it is understandedble that they show slightly
higher background fluxes. An estimate of the flux by HRL is based on the
difference of the counts when the counter was locking upwards and downvards
indicated as the lover limit of NRL values of 77  1s comsistent with
ASE. Thus, the background component vhich ié proportional to the field
Of view of the detector is estimated as gbout 6 count/ (c."xn2 gec ster) for
2~ 8 § band. If ve consider the spectrel response of the detector and
the energy spectrum, the flux may be @8 much as 10. qumta/(cma sec 'atere).
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Tha:re' is no evidence for anisotropy for eny specﬁ’ic diraction of
Gmtic coardinate: e.go- 88y the direction of the Milky Way. Also
there is no.pbsitive indicetion to show a bright atmospheric horizon or
any mferential local azimath. All information indicates that the back-
sréxmd flux from outeide truly exists though it is not absolutely
certain that the flux comes from outside of the Ven Allen belt. If it
is extraterrestial, it 1s likely extragelactic. If it is extragalactic,
ve may expect @ dip along the gelsctic dise in say, the 10,-20 R band provided
the interstellar sbsorption of extragalactic flux ie more then the comtri-.
bution of a number of wesk sources which mey possibly exist in the plane.

- There are two typical ways of explaining the extragalactic component.
One is to sttribute it to the superposition of galactic x-rays (Gould
and Burbidge 1665). The other is to consider the gemeration of X-rays
in the intergalactic space.” The inverse-Compton effect of intergalactic
photons vith intergelactic electrons hes been considered.

Suppose the background flwx is & superposition of x-rays from
galaxies in the universe up to the Hubble distance, RHo The backgrovnd

flux, Y, per unit solid angle 1s expressed by

B
T= /7? Fr kﬁ |
vhere ng is the density of galaxy and pg is the emissivity of the average

galaxy. If our gelaxy is one of the average galaxies snd the x-ray sources
sre localized near the center of the galaxy, the intensity of the source

' 2
near the Galectic cemter would have to be -;}:» = E& Aﬂrf?ec vhere

R, is the distance to the Gelactic cemter. Tms: -}: I/Mf . sz’ Res

G

¥ ihe X-ray background may have an importent besring in cosmology, but
. we will not come into these problems here. See Gould and Burbidge 1965,
Sciame 1965 for exsmple.




=26~

. There is no evidence for anisotropy for any specific directi_qn of
Galactic cocrdinate: e.g. say the direction of the Mﬂlw Way. Also
there 18 no positive indicetion to show & bright atmospheric horizon or
any preferential local azimuth. All information indicates that the back-
ground flux fram outside truly exists though it is not absolutely
certain that the flux comes from outside of the Ven Allen belt. If it
is extraterrestial, it is likely extragelactic. If it is extragalactic,
we may expect & dip along the gelactic disc in say, the 1020 R band providea
the interstellar aebsorption of extragalactic flux is more then the contri-
bution. of a mmber of weak sources which mey possibly exist in -the plsne.

There are tvwo typicel ways of explaining the extragalactic cmponent.
Coe is to sttribute it to the superposition of galactic x-rays (Gould
and Burbidge 1965). The other is to consider the generation of x-rays
in the intergalactic space.” The inverse-Campton effect of intergalactic
photons with intergalectic electrons hes been consi@eredo |
) Suppose the background flux is a superposition of x-rays from
galaxies in the universe up to the Hubble distance; Rao The backgrount
flwx, I, per unit solid sngle is expressed by |

=My -%.— Ry
vhere 1:1g is the density of gelaxy ancl.p8 is the emissivity of the aversge
galexy. If our galaxy is one of the averege galaxies and the x-ray sources
are localized nesr the center of the galay,; the intensity of the source
near the Galactic center would have to be :{-‘:%/ﬁmﬁé vhere
‘B, 16 the distance %o the Galactic center. Thus: ,_;_,_, I/"f 1.2+ lem

¥ The x-rsy packground may have an important bearing in cosmology, but
. we will not come into these problems here. See Gould and Burbidge 1965,
Scisma 1965 for exsmple. :
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Putting figures in the formule
(n, = 3,10 /xpe3, Ry % 3.10%pc, Ry 2 10 kpe
and I 4/ 10 quanta/cme gsec ster per 2 ~ 8 ) we get £ 700 qumta/ana gsec
foi' 2~ 88. This is sbout 100 times greater than the observed intensity.
That is, the superposition of the galaxies explains only one percent of the
obgerved isotropic flux. |

If out galaxy is not typical and the emissivity of the average galaxy
is 100 times of our galexy, the isotropic component can be explained by the
superposition. If so, it can be shown that the Virgo cluster would provide
the intensity of about 2/mn2 sec which may be observabie. |

If, on the average, one out of m galaxies has the x-ray emissivity 100
n times of our galaxy, the superposition of x-rgy flux from these galaxies
also explains the background. In this case, the typicel distance to the
nearest galaxy of this kind and its x-rey intensity can be figured out as
epproximstely 2m 3 (MPC) &nd 3.10°2 (m)ll 3 counts/cu® sec per 2 8 &
respectively. If m is typically 100, the expected intensity is 0‘,.'l./o::xn2 sec.
Th:lz; figure indicates that by improving the sensitivity of detection technics
by a factor of 10, we may resolve the background to the camposit extragslactic
source if this model is true. The background component of intergelactic

origin will be discussed later.

XI Cosmic X-rays - y-rays

- _ Observations are summarized in Teble II. In Fig. 13, results of
obaer\;ations on discrete sourceé .a.ré summarized. No positivé evidence
.fcm any astronamical objects being x-ray or gemma-ray source except those

X-ray svurces which were discussed before has been found.
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Consider a radio source fehere the radio emission 1s caused by
the symchrotren radistion of emergetic electrons in a megnetic
field and assume that the electrons are produced by the decay
of pions and not post-eccelerated. Becsuse epproximately the same
amount of energy goea'to cherged pions and neutral pions which decay
into gamma-reays, energy'fluxes of synchrotron radiation in a certain
frequency range and geamma-rays of a corresponding energy, vwhich is a
function of the megnetic field, eare approximately equal. Thus, the
expected energy spectrum of gamma-r&ys can be derived fram the spectrum
of synchrotron radiation if the megnetic field is given.

From the Creb Hebuls the spectrum of synchrotron radistion is
known for a wide frequency renge, from radio to optical region. For

assumed magnetic field (:m“’l”

gauss) the energy spectrum of game~roays is
thus derived as indicated in the ;‘ijsureo As another example, the gpectrum
is estimated for Virgo A. The spectrum of synchrotron redistion in this
cage is not knovn beyond radio region. So the calculstion wes made for
~ various assumed frequency limit to which & power law spectrum holds.
Although experimental results only show the upper limits for
verious suspected sources, it is seen that these upper limits are already
Physically mesningful and further improvement of experiments will be very
important.
Experiments by Chudekov et al (1962) and Fruin et el (1964) seem
to show the electrons in the Crab Nebula are not simple decay products
of pions end are probebly post-accelerated if tt;e synchrotron spectrum

of the Crab Nebula extends beyond opticel region as shown in Fig. 1ll.
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In Fig. .ll&, observational results on the isotropic component are
summarized. _ASE, Tegoye and Arneold et al indicate that the obtad.ned.
fluxes are real though it is not ebsolutely certain thsat they are
 extrsterrestial. There are some indications that Kraushser and Clexk's
upper limit may be real also. |

The isotropic component mey be produced in our galexy or more likely
outside of owr galaxy. The estimated gemma-rey energy spectrum for ‘77'9 -
decay in our gelaxy is indicated in the figure after Garmire and Kreushasr.
Fezio, Stecker and Wright (1965) showed that, if the 3.5° black. body
rediation field of Penzias-Wilsn (1965) 1s co@ractA;xbataatis.:. contribution
ia expected by inverse Compton scatiering of photons of this universsl
fadiation field by galactic electrons.

As for the isotropic component of extragalactic origin, one nay
consider two &riginse One is the superposition of unresolved galaxies.

As in the case for 1 10 kev range, the superpositicm of galaxies
may not explain the observed igotropic flux of gamns-ray range if owr
galaxy is "typical". If sources in our galaxy distribut mifm in

& sphere or a plane and our galexy is “typical”, it can be showun that

the contribution from our galaxy predominate the superposition of galexies
'up to the Hubble distance. Thus, the superposition is not likely to be

the explanat‘iono
Ancther possible place for generatlion of the isotropic component

is in intergalactic space. One possibility is the inverase-Compton effect
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in intergelectic space. If we asm that the electron spectrum in
mtergainctic space is similer to what Hayakawa et al. (1964)assumed

for galactic electrons“ end use the star light photon density warked

out by Carmire, we get an expected spectrum as shown in the figure.

If the electron spéctr\m should keep a constant power to lower energy

a8 indicated by Cline‘’s expérimnt, we expect the spectrum indicated

by a dsshed line. Of course, this sssumption of similarity of electron
density in the Cslaxy and in the intergslactlic space is made only for

the convenience of discussion. We expect even seversl orders of ma@:ltude
higher fltm of inverse-Compton x-rays end y-rays than ectually is observed,
1f we teke this electron spectrun and the Pengiss-Wilson's ficld in
intergalactic space. )

Gemma-reys of higher energy mgy be produced by the deéay of newtral
pions produced by the collieion of intergalactic cosmic rays end inter-
galactic gas. Also, they may be produced by the bremsstrehlund of inter-
gaaactic electrons. Estimated spectre for thése processes are shown in '
Fig. 15 after Garmire end Kraushear. The uncertein nature of varicus
estimates of the isotropic coamponent must be mizedo

% fhe galectic electron spectrum 18 not well kmown, Di
s Direct measurements
by Earl (1961), Meyer and Vogt (1961), L'Heureux end Meyer, (1965), and
Agrinier et al. (1964) are in remsonsble agreements with theoretical
eetimate of the spectrum from the radio nofse done by Hayskewa et al.
Heesurement, by Cline et al. (1964) provides information for low energy
range vhich is in dissgreement with the above.



ZZZ Conclusion

In conclusion, I wish to emphesize the fact that obtained results
in this new bianch of astronomy in the past few years have already revealed
quite wnexpect:d features of the universe and there is no doubt that this
will continue to be a strong tool to explore the universe.

The suthos would like to thank Prof. Carmire with whom he worked
out most of thi: axrticle. Also the author owes to those who helped him
by sending inforamtion and by discussions specificai]y to Prof. Creisen
and Prof. Hayekeyz who informed the suthor of unpublished results and to
Prof. Morrison for criticel discussions.

For the most part, this article hes its origin in ldiscussions with
Prof. Rossi end Prof. Clark of M.I.T- end Dr. Giacconi and Dr. Guraky
Of A.8.E. | |
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TABLE *

Calculated physical parameters of SCO X-1 for various assumed

processes and distances.

. R (distance 1.y.) 30 300 3000 3.10"
1) Synchrotron rediation (B, is assumed to be 1.5 # 1073 gauss)
Ne(lol3 e.v.)(electron density) 2.10'13/d3 2.10‘1l/d3 2.10’9/d3 Re/d3
C.C.
N_. E e.v./c.c.(eﬁergy density) 2/d3 200/d3 ’2.10u/d3 32/d3
NEV e.v. (total energy) losh 1056 1058 _ R
ii) Compton effect (starlight density is assumed to be 1 e.v./c.c.)
N (3.107 e.v.)/c.e.  60/a3  6000/a> 6.107/3 6.107/a3 /3
NE_ e.v./c.c. 10723 10*t/a3 1013743 10%%/43 re/a3
NEV e.v. 6.10%2  6.10%" 6.10%0 6.10%8 R
M/Ma >0.05 >5 >500 >5.1oh R
1i1)  Hot Plasma (T ~ 107%)
N_ %N /e.c. v0/a3/®  woosad/? booo/ad2  1.10%7a3/2 | gyad/?
3/2 11,,3/2 3/2
NE_e.v./c.c. h.lo%h;yé 4.109/a32 4102074 h.107/a R/a
59,3/2
NEVewv. 5.10°843/2 5-1077a 5.10043/2  5.106%43/2 | g/q3/2
M/M, 0.03.a3/2 0.333/2 3.03/2 30 a3/2 &/ a3/2

Flux density = F = . P 1077 erg/cm?sec. 1 ~ 10 kev

Vv
IR Re
Volume = V = TT a3
. —

d = diemeter of source in l.y.



TABLE IX

(n-les)

Obsgerver Vehicle Detecter Energy Uuservation
1) Hayakeva et al rocket Seinti. 5 A 20 kev isctropic
(1965) {Lambaa
2) Clark ballcon " 15 ~~ 60 kev Tau A
3) Cyg.
4) SCO-X
S} Arnold et al Ranger 111 Scinti. 50 kev A1 Mev isotropic {Upper
, on boom . limit)
6) Peterson 0S0-1 Compton 0.5 ~r 5 Mev Upper Limit of
Telescope isotrovic
7) Duthie et al balloon Scinti. > 50 Mev Upper limit (%)
of disceeta
8} Frye and Smith balloon Sparkchamber A~ 100 Mev Upper Limit of
{1965) discrete
9} Ki'aushaar and Expl. XI gama-teles- > 100 Mev Upper Limit of
Clark cope discrete and
. isotrople source.
10)Greisen et al balloon sperkchamber > 1 Bev Upper Limit of
. discrete sources.
11} Fruin et al EAS Upper Limit of
> 50101.2 e.v. discrgte gources.
12} Chudakov et al {Cerenkov
light)
13) BASJE EAS > 107 e.v.



Fig. 2

Fig. 3

Fig. 5

Fig. 8

CAPTIONS

Various Processes for generation of x-rays and Y-rays.

The sbsorption of the radiations in the atmosphere.
Altitudes vhere the radiations attenu.été to indicated
fraction are shown as the function of wavelengths.

The ebsorption of the radiations in the interstellar space.
The motion of the detector’s field of view on the celestial
sphere . in the precession freme of reference. Zs in the
spin axis and Zp is the precession axis. Dark shadows
indicate the field of viev. Shadowed band is the region
which is scanned by the field of view per revolution. The
region between desbed lines is scanned per precession cycle.
X is the direction of the source.

Enexrgy response of a proportional counter. Radicactive
sources are used as indicated.

Principle and an exsmple of experimental results of the
modulation collimator. |

The regions of the sky scanned since 1964 by NRL and ASE
are indicated by the light and dark shadows respectively.
Cn most of the region meximm intensity of the source
vhich might have esceped the detection is sbout 1/30 of
the intensity of the SCO X-l. O(bserved discrete sources
of x-ray are indicated by X.

Observed discrete x-rgy sources in the gé.lactic coordipate.



Fig.
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CAPTIONS (cont.)

X-ray sources ziear Sagittarius observad by ASE—MIT, NRL
and Lockheed groups. (see the text).
Tentative energy spectrum of SCO X<l. The spectrum is

still very uncertain.

Energy spectrum of the Crab Nebﬁlao

Relation of background counts and the solid angle of detectors.
Lowver point of NRL wes obtained from the difference of counts
when the detector was locking upwerds and towards the earth.

When d and e vere taken, the veto-counter was not working
properly.

Sumary of information for verious suspected discrete sources

of cosmic y-rays. Theoretically expected curves under certain
assumptions are shown. Energy spectrum for Teu A in x-ray region
is shown. '

Swummary on isotropic camponent of cosmic photons.

Expected spectra of photons produced in the intergalactic or
galactic space by various physical processes under assumptions on
densities of energetic electrons and protons; and protons in- the’
space &are indicated. Star _light density in the intergalecfic -
gpace wvas calculated by Garmire. Radio meassurements of Penzias
and Wilson suggested a poésibility that the uniyerse in immersed
in & background blagk body radiation of a few degreesKelvin.
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FRACTION OF ATMOSPHERE

ATTENUATION OF RADIATION IN THE ATMOSPHERE
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INTERSTELLAR ABSORPTION
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MOTION OF DETECTOR FIELD OF
VIEW ON THE CELESTIAL SPHERE

FIG 4



MOTION OF DETECTOR FIELD OF
VIEW IN THE PRECESSION
FRAME OF REFERENCE
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RESPONSE OF PROPORTIONAL COUNTERS

TO MONOENERGETIC X-RAYS
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" PRINCIPLE OF MODULATION COLLIMATOR
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X-RAY SOURCES NEAR SAGITTARIUS
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