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The purpose of this peper is to review and discuss observa-
tional facts and related arguments conceriu.ng x-rays and y-rays of
cosmic origin which have become aveilable in the past few years.
First, obaservational methods will be summerized 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. Fhysical procenses
of x-ray generation in discrete x-reay sources are briefly discussed.
While the discovered discrete x-rey sources are in the galactic plane,
an isotropic camponent which is likely of extragalactic origin seems
to exist. Observations of radiation from several tens of kev up to
7-ray energies will be reviewed. Though no 7-rays of proven cosmic
origin have been detected, upper limits set for various suspected

discrete sources and the isotropic camponent have considersble physical

significance.
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I zstrosuction

Studies of cosmic 7-reys and x-rays have opened & new field of
astrophysics and provided new tools to explore the universe. In
particulsr, observations of cosmic x-rays have provided a continuing
source of significant information since their discovery. In the case
of 7-rays (> several Mev), no 7-rays of proven cosmic origin have been
detected so fer. There is, however, some evidence for & general back-
ground end even the upperlimits of intensities given to various estrono-
mical objects have considerable astrophysical significance.

Since any possible physical processes of 7-ray and x-ray generation
are deeply related to the physical nature of the source, it is clear
that 7-ray and x-ray astronomy will plsy fundamental roles in under-
standing variocus astronamical problems.

Various mechanism for the production of 7-rays end x-rays through
the interaction of emergetic protons or electrons with the interstellar
medium or photons are summerized schematically in Fig. 1. In the figure,
relations are indicated for various generation mechanisms along the
generatirg media (indicated by circles), the input protons and electrons
and the generation outputs (indicated by squares).

As the generation mechanism of 7-rays, we consider bremsstrahlung
in the interactions of energetic electrons with interstellar matter and
the decay of neutral pions produced in collisioms between cosmic rey
particles and matter or photons. Compton scattering of low energy
photons by energetic electrons (inverse-Compton effect) wvas discussed
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for the generetion of x-rays. (Felton end Morrison 1963) The

- frequency reage of synchrotron radiation emitted by electrons moving in
magnetic fields may extend to the x-ray bend if the energy of the
electrons is sufficiently high. Thermal radiation of a very hot body of
temperature 10'/v 8K is in x-rey band. Characteristic x-rays ere
produced after a shell electron of an atom is knocked out by & high
energy particle.

Several review articles are available for physical processes for
x-rays and 7-ray production (Gould and Burbidge 1965, Ginzburg and
yrovatsky 1964, Hayakawe end Matsucka 1965). There are also reviews
vhich include experimental aspects. (Garmire and Kraushear 1965,
Giacconi and Gursky 1965, Friedmen 1965, Hayskawa et al 1965 b).

Whether one or more of these physical processes cen be compatidble
vith the observation and with various astrophysical peremeters or not
is the main point of the interpretation of cbservational facts. Succese-
ful interpretation of the facts, together with further progress in obser-

vations will lead us to a deeper understanding of astronomy.

T a c end Interstellar Absorption of ic Redistion:

Fig. 2 shows the atmospheric absorption of electramagnetic rediation.
Curves represent atmospheric levels where the intensities of the radiaton
of various energies sre reduced to 1/2, 1/10 and 1/100 of initial values.
It is ocbvious that except for the optical and radio bands the electro-

magaetic spectrum is cbservable only outside of the atmosphere.
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Outeide of the atmosphere, the rediation is abrorbed by the inter-
stellar medium and starlight photons.
The curves in Fig. 3 represent the range of exploration in the
space with radiation of various wavelengths. The curve determines
the density of the interstellar matter (in atoms/c.c.) timss the
distence (in light yesrs) to reduce the intensity of radiation to l/e
otm;tmm. Assuming the average density of the matter to be
0.3 atams/c.c., the galactic center and the Creb FHebula are indicated
on the figure. Interstellar space is essentially opeque in the region
from 922 & (13.5 e.v.) to about 50 R because of the sbsorption due to
the process of ionizing interstellar hydrogen, helium and other gases.
In the 7-ray energy region, the absorption or the attenuation of
the 1adiation, due to pair production in collision with charged particles
end Couwppton scattering is very little and the Y-rays can pass through
mmmicwumummum« (1.3 . 102 cm).
The absorption of energetic 7-rays of energy >1012 e.v. by peir
production in photon-photon collisions may have a meen free path camparable
to the Hubble radius. For the extremely high energy range of gemma-rays,
> 10*7 e.v. 1t may be necessary to teke into account the absorption
by collisions with photons of very long wavelength. (goldreichend
and Morrison 1964).

JL Method of Gbservation: (1)

Thus far, most x-ray cbservations have been made with sounding
rockets (Aerobee) which reech a meximum altitude of ebout 200 km allowing

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

¥ Further details will e described by Giacconi et &l on the
of Varenna Summer School on High Energy Astrophysics (1965).
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verious detectors of sensitive ares from 10 an’ up to about 1000 ca’.

The techniques used to scan the celestial sphere with a rocket
borne detector are illustrated in the following three typical cases.

a) Rapidly Spinning Rocket

‘mmiomatammmydmmmm
per second and spproximately meintains the freguency until it re-enters
the atmosphere which reduces the frequency through atmospheric dreg.
The motion of the rocket vhile it is ocutside of the atmosphere can be
treated as a freely spinning rigid boly as a first spproximetion. The
motion consists of & spin vith constant angular velocity around the minor
exis of inertia and & precession of the spin exis eround an exis fixed
in the space and perallel to the total angular momentums (precession axis).
The half apex angle of the precession come in this case usually is
less than 15°. Suppose that the detector has & rectanguler field of
view in the rocket frame of reference as is shown on the celestial
sphere in Fig. 4. A band of sky is scanned by the field of view by
the spinning of the rocket. While the spinning axis precess, an even
broader region of the sky is scanned a&s is indicated in the figure. The
celestial source is seen whenever the field of view transit the source.
The source is seen periodically provided that it is kept in the band
vhich the field of view scans. The period between successive transits
of the source is essentially equal to the spin period, which is subject
to e slight secular variation end a small periodical variation produced
by the precession of the rocket.

TS IR N e S et -
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The number of counts per passage of the source across the field
of view 1s usually small and delicate superposition or "synchronization"
of the counts as a function of the azimuth of the detector axis 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 analysis which ASE-MIT group adopted.
| b) Slowly Spinning Rocket

In some experiments, the rocket vas despun or the spin velocity
vas reduced by means of ges Jets after it reached a sufficiently high
altitude. Then the apex of the precession cone greatly increases and
the rocket stexrts to tumble. Thus, & lscrger portion of the sky may
be scanned. Although the source 18 seen mich fewer times, the sky is
scanned much more slowly and the counts during one revolution may have
considersble significance. For example, Friedman et.al., (NRI~-group)
covered most of the celestial hemisphere above the horizon by a detector
with nearly e circulsr field of view of 14° in diemeter with a scenning
speed of cne revolution/6 A 8 sec.

¢) Attitude-Controlled Rocket:

Thus far, the attitude control system (ACS) is besed on the use
of gyroscopes as scnsing devices and the control is provided by gas
Jets. QCas jJets cauee the spin exis to point to a prescribed direction.

R. Glacconi and the group of physicists at Americen Science and
Engineering, Inc. and B. Rossi and other physicists at M.I.T. will be
referred as ASE or ASE-MIT group. E. Friedman's group at Ravel Reseerch
Laboratory, P. Fisher's group at Lockheed and S. Hayakewva's group at
Negoya University will be referred to as NRL, Lockheed and Nagoya respectively.
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It is then possible to keep the axis of & given detector pointing
to a given directiocn within a degree or so or to make it sweep at &
prescribed speed over & certein angulsr interval. This type of rocket
vas used by HRL group for the observations of the lunar occultation of
the Cred Nebula and by Lockheed group to scen the galactic plane.

Seve.al satellites have been used for the cbservation of cosmic
7erays. Kraushear and Clark (Krasushesr end Clark 1962, Kraushear et. al.
1065) first used Explorer XI vith a gomme~ ray detector of effective
mtocraboubhscna. The Explorer may provide an cbservation time
of the order of 30CO hours. Also, there are experiments planned on
tke QA0 vhich may provide an observation time of about 3000 hours and
vith an effective detectar area of sbout 1000 cu.

L. Peterson (1965) used the 080-1 satellite to fly his 50-150 kev
photon directional scintillation detector and & "Coupton telescope” for
the 0.3 A~/ 3 Mev range. Arnold et. al. (1962) measured photon fluxes
vith an isotropic counter an @ boom on the Ranger III.

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

Gbservational Methods: (2)
Detectors
a) G. M. counters and propoarticnal counters

The G. M. counters which have been used for x-ray observations of the
sky are sensitive to radistion in the renge 1.~ 10 £. The long vave-
MMtuntwmm'mmmmmWMt
by the £illing gas used. |
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Berylium windows of thickness —-—yges== inches have been succoss-
fully used. This thickness correspends to the abscrption length of
x-reys of 8 £, end it 1s essentially trensparent for x-reys of shorter
vavelengths. Possibilities c using even thinner window of Aluminum
or hydro-carbon &re under study and it will soon become poesible .o
extend the cbservable range to 20 R or even 30 £.

The efficiency of the counter starts to decrease for increasing
energy of x-ray quantum when the ges of the counter becomes transperent.
Argon gas of one atmoepheric pressure and 5 cm deep begins to be semi-
tt‘-:.-mtutaboutiaﬂ.minQamm-whuMmm
easily meke the counter sensitive up to say 50 kev. An effective counter
area of about 100 cn” 18 now very camwon. Proportional counters mey be
very useful for spectral cbeervaticns. Pulse height distributions of
& Xe-filled propoartional comter for varicus monochromatic sources are
shown in Fig. 5.

b) Scintillation Counters

Scintillation counters have been used for observation of both 7-reys
and x-rays. The output pulse height is proportional to the energy of
the x~-ray quantum with fairl; good accuracy. The average energy per
photoelectron for & typical scintillation counter is 1000 ev vhereas
the aversge energy per ion pair produced in the peoportional counter is
the order of 30 ev. Thus, the scintillation counter may be suitable

for comperatively higher energy regions of x-ray, say ~> 10 kev, whare
the proportional counter looses efficiency and resolution.
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The Explorer XI experiment (Kreaushear and Clark) Kraushaar et. &l.
for detecting gemma~rays relied upon the directivity of the electron-
positron pair produced by the gemme~-ray in a Csl-NaXl counter in
combination with scintillation counters and a Cererkov counter.

An sxrangement of scintillation counters in colncidence called
as ':m telescope"” (Peterson et. al.) vas used for 0S0-1 experiment.

¢) PFPhotoelectric Devices

A photoelectric aetector is vsesentially made by a caubination of
a large photocathode ana anelectrommltiplier in such a way that
photoelectrons ejected fi-om the photocathode are led to the first
dynode of the multiplier. The effieiency of the photoelectric effect
at the solid surface for incident x-rays of 1.~ 10  4s typically a
fraction of percent. It increases to the order of a percent for grazing
incidence. Also, there 1s evidence that for longer wevelengths (10 &

~” 3 %) the efficiency is higher.

A group of Russien scientists discovered (1960) that some alkeli
halide, like CsX, SrF, have ancmplously high efficiency for x-rey
photons emounting to the arder of 20% or more.

The ASE group made successful use of this detector on a rocket with
a sensitive ares of 40 cu® and semsitive wavelength up to 12 £. The
virtue of this detector is that it can be made sensitive to x-rays of
long wavelength because a strong window is not necessary.

d) Spark Chsmbers

The virtue of this technique is the combination of its directiommality

(ssy, 1° for 1 Bev gamma rey) end its broed acceptance solid angle.
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Thus, this fits the purpose of surveying discrete source of gsmme
rays. Because of its directivity it gains in signal to noise ratio
for finding a discrete sowrce sgeinst a high background over a sinple
counter system. This enables Creiser and his Cornell group and K plen
and the Rochester group to design experiments (Greisen et. al. 1965)
for balloon borne detectors in spite of e high background of secondary
origin at the balloon altitude.

Collimaetors:

a) In order to resolve x-rgy scurces and to obtain accurate
information on the location and the angular sizes of sources, it is
necessary to limit the field of view of the detectors. A collimator
of a honeycomb type structure was used by the RRL group to provide
epproximately @ circulsr field of view of 14° dismeter. Cellular type
collimators were used by ASE to get a typical field of view of 3°
vide by 40° 1ong. \

b) The combination of high resolution and broed field of view
wes achieved by;"modulatim collimator" developed by the ASE-MIT group.

~ The principle of this collimator is schematically shown in Fig. 6.
Depending upon whether the angular size of the source is smaller or larger
then -5- radien, the collimetor produce or does not produce the
“modulation" of the flux while the orientation of the collimator with
respect to the direction of the source changes. Thus, the size can be




estimeted by the magnitude of the modulation. An exsxple of observational
results is shown together witl expected curve (deshed line) for a size
<< 0.5°.
A collimator of 7' resolving angle was used to determine the size
of the SC0-X-l source. It will be feasible to design & rocket-bourne
collimator, of, sey 1/4 arc minute resolution with a broad field of view.
With this coilimator, ome can also determine the location of a
source on & group of lines projected on the celestial sphere according
to the angular response of the collimator. It will be possible to
limit the possible location on few lines.

Image Porming Telescopes
Image forming telescopes heve been constructed and used for solar

x-fa,y astronomy by ASE. This instrument consists of two reflecting
surfaces which provide total reflection of x-reys under grazing incidence.
This instrument may present an imege of a source with an angular
resolution of perhaps a few arc second when it is well pointed towards

the source.

Cbservational Pacts (x-rays)

The existence of extra solh.r x-ray wvas first discovered by Giacconi,
Cursky, Paolini of ASE and Rossi of M.I.T. (1962) with a spinning rocket
launched in June 1962. Geiger counters with & wide field of view were

used and a strong source in the vicinity of the Galactic center, however,
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off the center slightly, and a possible wesker source in the Cygrus
constellation were detected. Also & diffuse backgrcund cf probably
celestial origin was observed. Two additionsl rocket experiments by
the same growp (Oct. 1962, June 1963) (Cursky et al 1963) with similar
4ingtrumentation confirmed the results and gave an indication of
another source in the direction of the Crad Nebula. Friedman and the
group at the Naval Research Laboratory (NRL), in the meentime, flew a
collimated detector in April 1963 which scanned the general region of
the Scarpio constellation with en angular resolution of 14°. (Bowyer
et al 1964 a b). They detected a strong source vhich was definitely
off the Galactic center since the flight was made while the Galactic
center wes below the horizon. This flight also revealed the source in
Taurus vhich is about 1/10 as strong as the first source.

In July 1964, the NRL group (Bowyer et al 1964 c¢) succeeded 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 Tawrus x-ray source was indeed the Crab Nebula and had a
finite angular diameter of ebout 2 arc minutes.

In196’&,ﬁverockettnghtsverecm1edm. ASE & MIT group
(Glacconi et al, 1964 a, Oda et al 1964, Giacconi et al, 1965, Clark

et &1 1965) with two repidly spinning rockets (Aug. 1964 and Oct. 1964)
resolved the Scorpio x-ray source and & source regidn in the vicinity
of the Galactic center which extends along the Galactic plane. Two

discrete sowrces in this source region were identified and located.
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-The NRL group (Friedmen 1965, Bowyer et al 1965) with a despun
s]m]yqﬁnningmcketlnmhedinJWlS&mdlw.M,.mdut
of the northern sky above declination -57° snd cbserved the source region
along the galactic disc extending for about 60° of galactic longitude in
Serpens, Sagittarius and Scorpio, two sources in Cygius and the Crab
Nebula. The source region was concluded to be composed of probebly
several sources whose locations and intensities were tentatively given.

mnn(zgss)manmgmmmmnmlnzaeo°
m&xzﬁ&mwmmmwmamuomm

Clark of M.I.T. succeeded in 1964 (Clark 1965) in detecting x-rays
from the Crab Nebula with & balloon-borne instrument in the energy
region > 15 kev.

Fig. T shows the part of the sky which has been scanned by the HRL
survey of July and November 1964. Regiocus 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 (8CO-X-1) was cbeerved snd located by
the ASE-MIT, NRL and Lockheed groups. Intensities of the SCO-X-1 estimated
by these groups are in reasonably good agreement. Typical figures may
be listed as follows after Giscconi, Gursky and Waters (1965).



Counting Rate”  Integrated Power X  Integrated Flux

Energy Range  Counts/ca” sec  ergs/ca’ sec Photens/ca® oec®™*
1A/ 10 kev 16.8 + 0.6 (1.6 + 0.4) . 1077 ®+6
8 kev 1.2 + 0.3 (3.3 +0.8) . 10’8 1.8 + 0.4 =

# Counts for 1 ~ 10 keveobtuned 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.

## Considering the spectral response of the counter and based upon the
assumed enecrgy -pectrmct))“/.

The wper limit of the intensity of discrete sources which might
have escaped the cbeervation is sbout 1/20 ar 1/30 of the intensity of
8C0=X~1 source for most of the indicated region of the sky.

: Dy 8 ek .
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Fig. 8 sumerizes the obeervations by ASE-MIT, NRL and Lockheed groups.

The W,_xmmmmmwmmmm

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

contredictory. Results of ASE-MIT Mimmn—.uudumm:
1) The location of the source in Scoarpio (8SCO-X-1) is either

~ ooe of the following two locations:
16 h 12m 16 h 19m
-15060 ool -l’&.Oo

The errar in this location is ebout + 1/2°.

2) mmeeregionbem-nln-abo°m1n-15°u1mm
in & nerrov box of the width 6° as indicated. This box is slightly off
the galacticplane and the Galactic center, therefore, Segittarius A
is not likely to be a strang x-reay source, though the possibility of Sag. A
being in this box cennot be completely ruled out.

3) The integral intensity of this box region is ebout 1/2.5 of
8CO-X-1. |

4) 'meregionwbecqpondotmuomﬁm,
though @ possibility of & diffuse background cennoct be ruled out. The
intencity of the composite discrete sources cannot be larger than 1/12
of S8C0-X-1l. At least two discrete sources in this box are cleerly located.

5) mww:ﬁo&‘ajﬁg’.maummw
tensity is less than 1/30 of 8C0-X-1l.
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6) There is an indication of a week source in a narrow region
below the galactic plane as indicated.

The NRL group concluded that at least several discrete sources
mmmimmmmmmmwmmzn-al&m
1,, = 20° end thet configuration of the region can be best explained by
& group of possible sources indicated in the Figures 7, 8, 9. The
intensities assigned for the sources in the unit of the intensity of
soq-x-l are indicated in Fig. 8. The intensity of the Crab Nebula
is concluded to about 1/T of that of SCO-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 @8 shown in Pig. 8, 9. This group concluded the location
of 800-X-1, as 16 U™, -15° 36' wvith en 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 Moon occulted the Crab Nebula and cleerly vere shown to
come fram & region of angular diemeter of 2' near the center of the Crad
Nebula. This is the only x-ray source, thus far, wvhich has been
identified with any astronomical object observed with radio or optical means.

mmry,mamcmc:lmuM:

1) There is an x-ray source in the Creb Nebula that is' typical
supernova remnant.

2) There are at least seven or eight discrete sowrces which are
located vithin 5° of the galactic plane but with a scattering
of sbout 3°. They show & Zoose clustering tovards the galactic center.

M e Cansh e P RANTSO
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3) SC0-X-1 is an exception being more than sbout ten times s
stronger than any other sources and located at scmewhat high galactic
latitude (25°) though its direction 1s still in the gemeral direction
of the Galactic center.

/

4) There 18 no evidence for the identification of x-ray sources
vith any astronomical objects which are observeble with radio or visible
light except for the x-ray source in the Crab Nebuls.

5) Angular sizes of discrete sources are small. Most of the
sources in the camplex region near the galactic center are smaller than
30'. The source SCO-X-l is smaller than T'.

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

Cyg. A., Quasars, SN remants except the Crab Nebula (SHI0S4).

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

mmrmfimmthespectmotx-mmuis-tmvarym.
So far, the information is available only for the spectral region of
1740 kev with very limited accuracy. A tentative spectrum for the
8C0-X~-1 is synthesized in Fig. 10 from various pieces of results.
Giacconi et al (1965) concluded the following parsmsters respectively

for assumed syectral functions in 1 A~ 10 kev range from the coamperison
of counting rates of GM counters with no filter and filters of different

thicknesses:
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a) power lew 3 a= 1.1 +0.3
b) expomentiel law 3T = (3.8 +1.8). 207%
¢) Flanck's lew : T = (9.1 +0.9) .m6°x

A power lew is typicel for synchrotron :adiation snd inverse Campton
effect. An expomential law is the characteristic spectrum of radiation
byme-freetranniioninahotandapticdjythinimcloudoftm‘atml‘.

The spectrum beyond 10 kev obtained by the pulse hight analysis
of ecintillation counters and proporticual counters seems to rule out
the Planck-law-type spectra. Rurtaer d:scussions on the shape of the
spectrum must be reserved until more data are aveilsble.

There is sn indication suggested Ly ASE and elso by NRL (Friedmen
1965) that the spectrum of the coucce region near the galactic center
may be harder than that of SCO-X-1.

‘mcinpm-nceotthe spectra in the longer wavelength region has
to be emphasized. Depending upon the distance tc the aom'ce,‘ the spectra
should show & cutoff at different wavelengths, typically from 15 £ to 30 &
would be ebsorbed and the Crab Nebule mey show a cutoff around 204~ 30 K.

—.IZ[, Generation Mechenisms of X-Rays

It should be emphasized that intersities of the discrete sources

(0~8. 1077

object in which a very efficient generation mechenism of x-rays is at

erga/masec) are very high. 8o, they must be astronomical

vork but at the same time, they do not emit substantial radio and optical
radiation except in the case of the source in the Crad Hebula. Various

AR I sas o 85 o e
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physical processes have been discussed. (See Pig. 1 and review articles
of theories)

1) Synchrotron redistion of electrons in the 10" ev renge in a
magnetic field of 103 10" gauss provides the radistion in the x-ray
band. Iowever, since electroms in this circumstance lose their energles

'mmidly(vithincm), some nechanism of injecting electroms with

this energy very quickly must exist in the source.

2) The bremsstrahlung of an electron of erergy of sbout 10 kev
in an impect with a proton (and probably en electron) gives radistion in
the x-ray band. Rossi (1964) pointed out that the configuration of cold
plasma in vwhich non-thermel electrons generate x-rays by bremsstrahlung
is unlikely to be & strong x-ray source and suggested a "hot" plasme as
& possible source. In a plasma of tempersture 10'A. 107K, thermal
energies of electrons is the order of 10 kev and the bremsstrshlung of
thermal electrons (free-free transition) is in the x-ray band. If this
is the case, the question is then how the plasme is hested to this tempera~
ture and kept confined for & long period. If we consider the free-bomd
radition in the plasms in addition to the free-free radiation; the necessary
tempersture can be reduced by some factor. (Bayakawa et al 1965 d).

We may cslculate verious physical parameters of the source for
assumed phyrical processes and see if they are resscnsble. As en exmuple,

" 4n teble I the electron density, the energy density, the total caergy

and the meximm total mess of the sowrce are calculated in order to explain
the SCO-X-1 for sssumed distances to the source and sise of the source

for typical processes.
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For example, if the source were a supernova remnant, the totel energy
1.—1mmm62«.mmn-u-mnms-oz,u-ms.
Then, for this table wve srgue that, if tle Compton effect is the
mn,thommthemcbyaﬂnhotph-umpumlﬁ

possidble as a source at a distance of kilo par sec.

X-Ray Sources and Supernova
One of the x-ray sources was clearly identified with the Crad

Netmla vhich is & remmant of 1054 supernova (8N) by the HRL group
(Bowyer et al 1964 c). No positive evidence of x-ray sources has
been found for other SN remments such &8s Cess A, Kepler SN, Tycho SN
or Cygnus loop. This may not be too surprising, however, if we teke
into account the fact that 1054 SN may be the nearest supernova which
has been identified.

The Crab Nebula rediates an x-ray flux of about 1078 e:rg/ana sec
in the 2-v8 £ bend from its centrel region of ebout 2 arc minutes
diemeter. Considering the distance to the Crab Nebula, we get 2.10°7
ergs/sec as the x-ray energy ejected. Fig. 11 is a summrized spectrum
of electromagnetic radiation from the Crab Nebula. It is well known that
the spectrum wp to the opical region can be explained by means of the
synchrotron radistion of emergetic electroms. Fram various physical
considerstions of the structure of the Crab Nebula, it has been main-
tained that the energy of existing electrons may not exceed much beyond
10" v end spectrum of the electramagnetic rediation may heve a cutoff
not far beyond the opticel region. mtheemtrnry,tﬂespectnnaem
to extend quite far. It would be crucisl to know if this is the continua-
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tion of the spectrum from the dptical region or this x-ray band has
different physical origin.

Vaxrious physical processes have been considered to explain this
x-ray band of the spectrum. | |

mmmmmdmmzcmwmmmﬁ‘n.

in & megnetic field of 10”3~ 10" gauss provides the x-rays.
However, if the synchrotron redistion is the mechanism for x-ray geners-
tion, as discussed previously , theare must be som: repid provess ( <1
M)Wﬂ&]ﬂﬂmmmwmt&&w
Nebula.

It may be easily seen fram table I that the free-free emission of
tho"hcb"phmclqﬂotwm m%ummthem
in the Crad Nebula though the argument is tight. It was pointed out that,
if we assume the relative sbundence of elements, the free-bound trensition
can be calculated end it is likely to be as important as the free-free
transition.

Bayakave, Matsuoka, and Yemeshita (1965) assumed a similiarity
betveen the hot ionize cloud in the Crab Netmls and hot condensations
in the solar corona vhich were considereC as the origin of enhanced
solsr x-rays and spplied the results of the calculation done by Kawabata
and Elwert to the problem of the Crad Nebula. They showed thet sssuming
the chemical composition of the hot cloud to be similar to the camposition
of commic reys, the temperature of the plasma can dbe reduced somewhat.

mwm&wmmgwmmm;mm |
mmumm mmmm(wﬁs)mammm



mtmammmun_ot_mtompmwum
88 20°°K for & period to be compatitle vith the cbeervation.
Morrison and Sertori (1965) proposed a model for the history of the
syperncva remant. m-mldcmibo-thamuahot,mim
thin gas cloud with very rich sbundance of high-8 elements. The high -
8 elements are considered to be formed by the r-process (rapid-process)
in the explosion. Radio-active elements formed in r-process decay through
ficeion and the fission fragments may keep supplying the rediocective
energy for an extended period of time, vhich is enough to heat the gas
cloud wp to the tempersture of 10° OK. The process of this redicactive
~ heating is basically similar to the "Cf-hypothesis of SN remmant”
(Bodidge et al 1957) but as & nucleus of longer lived C °°, for
exsmple, is considered here. This model provides & long-lasting x-ray
source vhich is compatible with the idea of all x-reay sources being &N-
remnante, though the model msy be questioned because of its generous
assumption on the relative abundance of high-E elements.

The growp at Rice University (Clayton snd Creddok 1965) estimated
fluxes of x-reys r gams~rays emitted as line spectra based upon the
Cf-hypothesis of 8§. The lines distribute between 30 kev and 2 Mev
and the flux of strongest 1ine (390 kev from Cf2*) is estimated to be
sbout 10~ photons/cuf sec. Experiments to detect the lines ere proposed.

Beutron stars were proposed as an attractive possibility of explaining
thex-m-n-dontranthem, imnediately (Chiu 1964; see review
articles on theories) after the SC0-X-1 and the source in the Crad
Nebula were discovered. The neutron star is the hypothetical final stete




Of stellor evolution left efter the SN explositicn. It is sugposed that
the density of this star is extremely high (0% g/ex’) end 1t is
composed of neutrons which are in a degenerate state. After formation of
the neutron star, because of enormous grevitationsl energy released to
the heat, it remaing extremeiy hot (typically 107°K) for some time®
(say 1000 yrs) and it emits the blackbody radistion which is in the x-ray
band at this temperature. It was shown that a neutron star at typical
distance may be.a detectable x-ray source. However, the size of the
source determined by the NRL group and the spectrum > 10 kev regicn by
Clerk made the neutron star hard to be the direct mechanism of x-rey
tource in the Creb Nebula. Theoretical stulies.of the neutran star have
been continued and its various possible relations to the X-rey source
are discussed (Cemeron 1965). -

.Aqmaticnwmtm-nlyme. Are all discrete sowrce supernova
remnants? mmmmgamtydm'mmmmm
plane cluster within epproximstely 20° of 1. This indicates that
the sources are mainly located in the vicinity of the galactic center,
within ssy 1 kpc, and, hence, the distence to these sources from us is
typically 8 kpc. Then, if all x-ray solrces are supernova raments,
ve are lead to the fo.lowing arguments by statistical considerations:
1) Since the distances are the ssme crder of megnitude, the sources

# The life of a neutron star is quite uncertain because of obscurity
in the cooling process in this hot end highly compressed matter. (See
m:mc-'m_n:sss).



vhich ere even more than 20 times stronger than the Creb Nebula have to
be explatned.
2) Not all of supermovee leaves strong x-rey resmants.
That is, only limited cases of supernovee leaves strong x-rey emitting
ramants. Thus, in crder to explain the mmber of cbserved x-ray sources,
m-ﬂaﬁtwwmmﬂcmwatmmmm;
mmtmm-mornmmummuﬂ:m
generally accepted occurrence frequency of supernovee in the galaxy,
n-ntummmnhrwtu“x-mmt',mhu>m"m.
3) Most of supernovee must cluster in the vicinity of the galactic
center. This 1s not likely the case because known remants or suspected
redio and optical remmants do not show this tendency at all.
~ Thus, in sny case, the hypothesis that all x-ray sources are
wmmmmamww
mdth.xrqrm.

8C0-X-1 Source
mmwmwo—x-mummpumuum

at comperstively high galactic latitue (125°) my suggest that st

-.bolmptom,\mnndctobaoctuthoth-rmonw

‘bedng located nesrby. However, if it is similar to the source in the

Crsd Nebule, it must be very close (like 500 pc) and the following question

mtébomm: viiy such & nesr remnant cannot be recognized by

wooroptsmobm?' |

SRS

*Mua-llmobaoct mthcmcirchon the Palomar
indicated
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It is not like’y that the 8CO-X-l 1s similer in kind to the sources in
the vicinity of the galactic center. Thus, the question of vhat is SCO-X-1
is entirely unsolved. It is extremsly important to improve the accurscy
of its location so that more thorough seerch for radio and optical ocbjects
is poesible.

Suppose that the physical process in the SCO-X-1 source is either
synchrotron redistion or free-free transition by a "hot" dilute gas
regardless which astronomical object it is. M,themaﬁ.uxin
the optical band is most likely larger thasn that of x-ray bend; i.e.,
20" erg/ca sec. This optical flux corresponds to maguitude 12 and
mmWthnmmmmm. Therefore, unless
it is a diffuse source of larger angular size than two arc minutes so
Mmmm-ummwawawmmm
square arc eeconds or it is smaller than a few arc seconds, it should
be clearly distinguished from stars in the field as a bright and diffuse
8 ource. &memhowthtthoiuotthmhnﬂlu@?m
minutes, the engulsr size of the sowurce must be in a limited range (2~A-7')
or it mst be s0 smmll that it cennot be distinguished from a star.

Regaxrding the location of the 8C0-X-1, the following feetures mey
be worth keeping in mind. 1) Although it is located at a relatively
mmmm,ituwmmﬁn-o'nmmm
galactic cooxdinate. This is the source of a suggestion (Mxxrison) that
mmx-lmu-.w«mcmmm«m
galactic axis in the halo. 2) 8CO-X-1 18 in the general region of the



caplex composed of O-B stars association and interstellar clouds which
extend in Sccrpio and Sagittarius constellation at a distance of 700
Pce 3) Relative locations of the "north polar radio spur” to the 8C0-X-1
suggests the possible relstion between the two. This geometric relation
uwu&wwmmm. We mey assume SN axploded
m&t&titlmbuhﬁﬂlticwwww
intersteller medium, form a well defined boundary vhich is recognized
&8s the Radio Spur. And, the x-ray-source was left in the middle of the
cloud as in the case of the Crab Nebula. Difference of this picture
from the case of the Cradb Nebula is that the relativistic gas cloud is
enphasized here and the Creb Febula-type remmant samehow has not
developed to be visible optically. Considerstion an the possible age
otthh'ﬂ"ndthemimopedqfthe;ammwnom
of the distance as, say, 100~~ 1000 l.y.

]

IX X-Ray Intensity of Our Galaxy ""3
If we admit the clustering of sources towards the galactic center,
it can be shown that the sources neer the galactic center beer the most
nfthcudh&ivepomotthagﬂm“deithntcwbﬂh&imdth |
— 4sotropic component of galactic origin is minor. Therefore, the absolute
mwdmmu,ummamm,mmam |
ln-lomnnga.xlﬂrxnsg' 'xmwmtq@ac.lfvmmm.
galaxy)vhere R, is the distence to the galactic center.
If the Andromeda nebuls 13 similar to owr galaxy, its x-ray intensity

ummawum;}“-mwaam. If owr galaxy is an average
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galaxy, the Virgo cluster which is cagposed of 3000 galsxies at a distane
xmmnm‘mmmwwmo.lmu/cz sec.

t of Celestial X- and ¢ X~ Sources

Since the esrliest cbservation of ASE the existence of the isotropic
x-ray background hes been indicated. Infarmetion on the background flux
is summarized in Fig. 12. mmm,?,otthocantmgmottb
isotropic component to the pesk counting rate of the SCO-X-1 source for
various experiments ave presemted for tue field of view f] of respective
neasurements. This ratio is mmitivetotbomwitm
provided the spectra of 4 and the background are essentially
similar. The ratio is: f‘ /45““"""3“"“"""‘”‘““’“
rwmitaondmghmdﬂwonthemumntwotthemx-ltm
1s, say 17 comts/cu” sec in 2 ~¥ 8 £ band. Results of ASE show that
7 umwmwﬂuuwumm
is truly x-reys coming from outside, except for one result vhich is sus-
pected to be in error because of & partial failure of the veto-counter
vhich rejected cosmmic rey particles. All other data were obteined without
the veto-counter and, hence, it is understandsble that they show slightly
higher background fluxes. An estimate of the flux by NRL is based cu the
difference of the counts when the counter was locking upwerds and downmwexrds
indicated as the lover limit of NRL velues of 7/  is consistent vith
ASE. Thus, the background component which is proportionsl to the field
of view of the detector is estimated as sbout 6 count/(ca sec ster) for
2~ 8 £ bend. If we consider the spectrsl response of the detectar and
the energy spectrum, the flux may be as mxch ss 10 quanta/(ca’ sec ster.)
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Thure 18 no evidence for anisotropy for any specific dircction of
Oalactic coordinate: e.g. say the direction of the Milky Way. Also
there is no positive indication to show a bright atmospheric horizon or
any preferential local azimuth. All information indicetes that the beck~
mmmmmmmwuumm
certain that the flux comes from cutside of the Van Allen belt. If it
is extreterrestial, it is likely extragalactic. If it is extragalactic,
¥e may expect a dip elong the galactic disc in say, the 10~-20 R bend provided
the interstellar sbsarption of extregalactic flux is more than the comtri-
bution of a mmber of week sources vhich may possibly oxist in the plane.

There are two typical weys of explaining the extragalactic component.
One is to sttribute it to the superposition of galsctic x-rays (Gould
and Burdidge 1965). The other is to consider the generation of x-rays
in the intergalactic space.” The inverse-Compton effect of intergalsctic
puotons vith intergalactic electrons has been considered.

mmmxy«mmuiwaumocx-mm
mnminthsmimwtothembbhdim,nn. The backgrovnd
flux, I, per unit solid angle is expressed by

I=”3;§r‘ Ry

Where n, 1s the density of galexy and pg is the emissivity of the everage
galaxy. If our galaxy is one of the aversge galaxies snd the x-ray sources
are localized nesr the center of the galaxy, the intensity of the sowurce
near the Galsctic center would have to be J-=]%/4:rf?,g' vhere
R, 18 the distance to the Galactic center. Thms: {:T/t;-t?aé-ka
¥ e X-ray background may have an importent besring in cosmology, but

ve will not come into these problems here. See Gould and Burbi
Scisma 1965 for exsmple. 9ge 1965,
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There is no evidence for anisotropy for any specific direction of
Galsctic coordinate: e.g. say the direction of the Milky Wey. Also
Misthinc&mtomwcmchthQ
any preferential local azimuth. All information indicates that the beck-
ground flux from outside truly exists though it is not sbsolutely
certain that the flux comes fram outside of the Ven Allen belt. If it
is extraterrestial, it is likely extragalactic. If it is extregalactic,
ve may expect & dip along the galactic disc in say, the 10~-20 £ bend provided
the interstellar absorption of extragalactic flux is more then the contri-
bution of & mumber of weak sources vhich msy possibly exist in -the plane.

There are two typical weys of explaining the extregalactic cmponent.
One is to attridbute it to the superposition of galsctic x-rays (Gould
snd Bubidge 1965). The other is to consider the generation of x-rays
in the intergalactic space.” The inverse-Compton effect of intergalsctic
photons with intergalactic electrons has beem considered.

Suppose the background flux is a superposition of x-rays firom
galaxies in the universe wp to the Hubble distance, Roe The background
flux, I, per unit solid angle is expressed by

I=/’$-§F Rw

Mnguﬂndenlityotmmpshﬂnm'ltyofthew
galaxy. If our gelaxy is one of the averege galaxies and the x-ray sources
are localized near the center of the galaxy, the intensity of the source
near the Galactic center would have to be +=%/4.1rf?‘3' vhere
R, 18 the distance to the Galactic cemter. Thms: _[.,_IAJ.psz.kﬂ
¥ he X-rey beckground mey have an impartant beering in cosmology, but

we vill not come into these problems here. See Gould end Burbidge
Scisma 1965 for example. 19655

B L VoL



Putting figures in the formula

(a, = 3.3 /ipe3, Ry = 3.20%p0, Ryy 2 20 po

snd I 410 qmto/cne sec ster per 2~ 8 £) we get £2= 700 qmnta/ane sec
for 2~ 8 8. This is about 100 times grester than the observed intensity.
That is, the superposition of the galaxies explains only one percent of the

‘observed isotropic flux.

If out galaxy is not typical and the emissivity of the average galaxy
is 100 times of our galaxy, the isotropic component can be explained by the
superposition. If 80, it cen be shown that the Virgo cluster would provide
the intensity of about 2/ca’ sec which may be cbservable.

If, on the average, one out of m galaxies has the x-ray emissivity 100
n times of our galaxy, the superposition of x-ray flux from these galaxies
also explains the background. In this case, the typical distance to the
neerest galaxy of this kind and its x-ray intensity can be figured out as
spproxizately 2uY3 (MPC) and 3.2072 (m)Y3 counts/caf sec per 2 8 R
respectively. If m is typically 100, the expected intensity is 0.1/cu’ sec.
This figure indicates that by improving the sensitivity of detection technics
by a factor of 10, we may resolve the background to the camposit extragalactic
source if this model is true. The background component of intergalactic
origin will be discussed later.

XI Cosmic X-rays - 7-rays
Observations are summrized in Teble II. In Fig. 13, results of

observations on discrete sources are summarized. No positive evidence
for any astronamical objects being x-rey r gmma-reay source except those
x-rqrmnmcbmummbormmmm.
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Consider & radio source vhere the radio emission is caused Yy
the symchrotron radiation of energetic electrons in a megnetic
mmmmtmmmmmwmw
of pions and not post-accelerated. mem
ot of energy gees to charged pions and neutral pions which decay
into gamme-reys, energy fluxes of synchrotron radiation in a certain
frequency range and gama~rays of a corresponding emergy, which is a
function of the megnetic field, are spproximately equal. Thus, the
mewmmmummmmmu
of synchrotron radiation if the magnetic field is given.

" From the Crab Nebula the spectrum of synchrotron redistion is
mmtmmw,fmnﬂmt‘ommﬂmﬁm For
ummicmm(m'hma)thewgspwmnafmrmu
thus derived as indicated in the figure. As another exmmple, the spectrum
is estimated for Virgo A. The spectrum of synchrotron radistion in this
case is not known beyond radio region. So the calculation was made for
various assumed frequency limit t0 which a power law spectrum holds.

Although experimental results cnly show the upper limits for
mimmmmu,it'umwmnwmumm
mmmummmmt\mwdw-uuum

izpar-tant.
Experiments by Chudakov et al (19G2) and Fruin et al (1964) seem

to show the electrons in the Crab Nebula are not simple decay products
" of pions snd are probably post-sccelerated if the synchrotron spectrum
of the Crsb Nebula extends beyond optical regicn as shown in Fig. 1l.
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In Fig. 14, observational results on the isotropic camponent are
swzarized. ASE, Hagoya and Arnold et al indicate that the obtained
fluxes are real though it is not absolutely certain that they are
' extraterrestial. There are some indicstions that Krsushaar and Clark's
upper limit may be r'eal also.

ﬁnimmccwmtwhmmmmmwmm
outside of our galaxy. m:ummmmenergytpemrw"ﬂ"’-
decay in our galaxy is indicated in the figwre after Carmire and Kraushaar.
Fagio, Stecker and Wright (1965) showed that, if the 3.5° black body
redistion 1614 of Pensins-Wilscn (1965) 1s corract substentisl contribution
10 expected by inverse Compton scattering of photcns of this universal
radistion field by galactic electrons. |

As for the isotropic camponent of extragalactic origin, one mey
mmm. One is the syperposition of unresolved galexies.
As in the case for 1 10 kev renge, the superpositim of galaxies
may not explain the observed isotropic flux of gemme-ray range if our
galaxy is "typicel”. nmsmmmmmmwmm
@ sphere or a plane and owr galaxy is "typical”, it can be shoun that
the contribution from owr galaxy predominate the superposition of galaxies
up to the Hubble distance. Tims, the superpnsition is not likely to be

the explanation.
Aaother poesible place for generation of the isotrxopic camponent

is in intergalactic space. One possibility is the inverse-Compton effect
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in intergalactic space. If wve assume that the electron spe trum in
intergalactic spece is similar to wvhat Hayskawa et al. (1964)assumel

for galactic electrons and use the star light photon density worked

out by Carmire, we gut en expected spectrum as shown in the figure.

If the electron spectrum should keep a constant power to lower energy
ummwm'-mmt,nmmmmm

by a dashed line. Of course, this sssumption of similarity of electron
density in the Galaxy and in the intergalactic space iz made only for
the convenience of discussion. We expect even seversl crders of magnitude
higher flux of inverse-Compton x-rays snd 7-rays than actually is cbsexved,
if we take this electron spectrum end the Fensias-Wilscn's field i
intexrgalactic space.

Cemma~rays of higher energy may be produced by the decay of neutral
pions produced by the collision of intergalactic cosmic rays end inter-
galsctic gas. Also, they may be produced by the bremsstrahlund of inter-
galactic electrons. Bstimated spectra for these processes are shown in
Fig. 15 after Carmire and Kraushear. The uncertain nature of variaw
estimates of the isotropic camponent must be emphasized.

ﬂl-‘
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Conclusion

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

The autho: would J'ke to thank Prof. Germire with vhom he worked
out most of thi: article. Also the author owes to those who helped him
by sending inforamtion end by discussions specifically to Prof. Greisen
and Prof. Hayskmia who informed the suthor of unpublished results and to
Prof. Marriscn for criticel discussions.

For the most part, this article has its origin in discussions with

Prof. Rossi and Prf. Claxk of M.I.T. end Dr. Glacconi and Ix'. Gursky
of A.8.E.
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TABLE T~

Calculated physical parametérs of SCO X-1 for various assumed

processes and distances.

R (distence 1l.y.) 30 300 3000 3.10

i) Synchrotron rediation (B, is assumed to be 1.5 # 1073 gauss)

N_(10'3 e.v.)(electron demsity) 2.10713/a3  2.107M/a3  2.109a3 | #/a3

[c.c.
N E_ e.v./c.c.(energy density) 2/d° 200/a3 2.10%/a3 ® /43
NEV e.v. (total energy) 107 10°6 1078 R

11) Compton effect (starlight density is assumed to be 1 e.v./c.c.)

N (3.107 e.v.)/c.c.  60/a>  6000/a3 6.10%/3 6.107/a3 /3
NE_ e.v./c.c. 10723 10tY/a3 10%3/43 10%7/43 R°/a3
NEV e.v. 6.102  6.10%% 6.10%0 6.10%8 R
M/M, , >.05 35 >500 >5.10* R
111)  Hot Plasma (T ~ 107%)

N_ % N /c.c. uo/a¥/2  uoo/ad/? nooo/ad2  y.10%/a3/2 | g/a3/?
N.E, e.v./c.c. l;.108/6‘3:é 4,109/d3/2 h.lolo/dy 2 h.lon/d3/ e R/d3/2
BV 8.v. 5.10°%03/2 5.107%43/2 5.000a3/2  5,10%133/2 | p/43/2
M/M 0.03.a%/2 0.3a3/2 3.a3/2 0a¥2 | a3

Flux density = F = -—E%r-g— « P 10'7 erg/cm2sec. 1~ 10 kev

Volume ¥V = “TC d3 d = diameter of source in 1l.y.

—
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TABLE II

Juservation

Observer Vehicle Detecter Energy
1) Hayakewa et al -  rocket Scinti. "5 ~~ 20 kev
(1965) { Lambda
2) Clerk balloon - 15 ~v 60 kev
3)
k)
5) Arnold et al Ranger 1II Scinti. 50 kev As1 Mev
’ on boom
6) Peterson 0S0-1 Compton 0.5 ~r 5 Mev
Telescope
7) Duthie et al balloon Scinti. > 50 Mev
8) Frye and Smith balloon Sparkchamber A~s100 Mev
(1965)
9) Kreushaar and Expl. XI gamma-teles- > 100 Mev
Clark cope
10)Creisen et al ballcon sparkchamber » 1 Bev
1l1) Fruin et al EAS
> 5.10'2 e.v.
12) Chudskov et al (Cerenkov
light)
13) BASJE EAS > 107 e.v.

(n-les)

e . ———— . —

——

isctropic

Teu A
cyg-

SCC-X

isotropic (Upper
limit)

Upper Limit of
isotrovic

Upper limit (%)
of disceet:

Upper Limit of
discrete

Upper Limit of
discrete and
isotropic source.

Upper Limit of
discrete sources.

Upper Limit of
discrete sources.



rig. 1
Fig. 2

mMg. 3
Fig. b

Various Processes for genersation of x-rays and 7-reys.
The absarption of the radistions in the atmosphere.
Altituldes where the radiations attenuate to indicated
fraction are shown as the fuiction of wvavelengths.

The sbsarption of the radiations in the interstellmr space.
The motion of the detector's field of view on the celestial
spheres in the precession frame of reference. 2Zs in the
spin axis and Zp is the precession axis. Dark shadows
indicate the field of view. Ehadowed bend is the regica
vhich is scanned by the field of view per revolution. The
region between dashed lines is scanned per precession cycle.
X 1s the direction of the source.

Energy response of a pruporticnal counter. Radiocactive
sources are used as indicated.

Principle and an exanple of experimental results of the
modulation collimator.

The regions of the sky scanned since 1964 by HRL and ASB
are indicated by the light and dark shadows respectively.
On most of the region meximm intensity of the sowrce
vhich might heve escaped the detection is sbout 1/30 of
the intensity of the 8C0 X-1l. Observed discrete sources
of x-rey are indicated dy X.

Gboerved discrete x-rey sources in the galactic coordinate.
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CAPTIONS (cont.)

X-ray sources near Ssgittarius observed 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 Crad Nebula.

Relation of background counts and the sclid angle of detectors.
lower point of NRL wes obtained from the difference of counts
vhen the detector was looking upwards and towards the earth.
When d and e were taken, the veto-counter was not working
properly.

Summry of informetion for various suspected discrete sources
of cosmic r-rays. Thecretically expected curves under certain
assunptions are shown. Energy spectrum for Tau A in x-ray region
is shown.

Summery on isotropic component of cosmic photons.

Expected spectra of photons produced in the intergalactic or _
galactic space by various physical processes under ascumptions on
densities of energetic electrons and protons, and protons in the
space are Mc:bed. Star light density in the intergalactic

-memcdmﬁnedwm Radio measurements of Penzias

and Wilson suggested a possibility that the universe im immersed
in & background black body radiation of a few degreesKelvin.
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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
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MOTION OF DETECTOR FIELD OF
VIEW IN THE PRECESSION

FRAME OF REFERENCE

Fla S




RESPONSE OF PROPORTIONAL COUNTERS
TO MONOENERGETIC X-RAYS
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PRINCIPLE OF MODULATION COLLIMATOR
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OBSERVED X-RAY SOURCES ON THE GALACTIC COORDINATE
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