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lChe purpose of t h i s  paper is t o  review and d i s c u s  obsem-  

t i o W  facts  and related argmmts concerning x-rays w d  7-rays of 

cosmic origin whfch have becane available tn the past few yews. 

Hrst, obsemtio8erl jmethodk 'IJ$LlL be swmrized brieflyo Next, a 

review of the many wexpeatsd resUte of ob8cdmtioml facts  of ooaMc 

x-rays in the 1 A/11) kev rangSe 1s presented. Fhysfcal proceuses 

of x-rsry generation i n  discrete x-rag sources are briefly dfsctlssed. 

While the ~ S C O V O ! P ~ ~  dfscrete x-ray sources are in the galactPc plane, 

eaa isotropic camponent which i e U.ke.8y of extragaltactic mZg3.n seems 

t o  exist. Obarcmtiono of sadi6teien.from several ten8 of hev up t o  

7-ray energies v l l l  be reviewedo !Ehm& no 7-rws of proven cosmic 

origin have been detected, upper U t a  E E ~  for various tauspectsd 

discrete sources a8d %he isotropic component have considerable physical 

significance. 



Studfes of co&c 7-says and x-ray$ have opened a new field of 

a s t r o p ~ s i c s  and provided new tools t o  explore the universe. Xn 

particular, obsemtions of eoamic x - w e  Pawe provided a colatfn'uing 

source of sbgniflctmt infojrmatim s h c e  their  discove~$. In the case 

of y - ~ e y s  (> several ~ v ) ,  no Y-ray8 of ' proven co&c origin h ~ v e  been 

detected so fm, mere is, however, stme evidence for a general back- 

ground and m n  the upperlinits of intensftie8 given t o  var8ous twtrmo- 

mfcal objects hawe son~bderable asitrge,~8bcal slgniffcmce. 

Since any posaible ghysfcal pmceeses of 7-r4y andl x-ray generation 

ase deeply related to  the phy~ical. nature of the BOUFC~, it fs clear 

tht pray md x-ray astronomy wil l  pkey fhndmmtd role8 in tmder- 

stand- varf OW mtronaaaicgall problem. 

Various nrechEIPliam for the production of 7-rayei and x-rays through 

the Interaction of energetic protoras or electronsr wlth the interstellar 

naedium or photons are-sumarfzed sehenatfcally in Fig, lo En the f-e, 

relation0 are indicated for variw generation nechanimr~~ the 

generating media (indicated by circles), the Input grotone a d  electrorm 

ernd the generation outputs ( m c a t e d  by aquarss). 

Aa the generation mechanism of y-rays, we consider brtxsstrablung 

In the lntemctions & energetic electrons with intertstellbas matter end 

the decay of neutral pions produced in collieions between coamlc my 

particles and matter ur photons. Cagton mattering of low energy . ' 

photoas by energetic elect- (hveree-~anqptm effect) diseursrsed 



for the generation of x-rays. (Felton end korr%son 1963) Ihe 

frequency range of ~ ~ t r o n  radiation &tted by electrons m o v h q  In 

magnetic f ie lds  extend to the x-ray bend if  the energy of the 

. electrons f s  saffidiently Ugh. ~r~ radiation of a very hot bodby of 

7 tenperatwe 10 8 ' ~  r i  i n  x-ray ~ d .  w t e r : s t i c  x-rqys a m  

produced after a shell electron of an atan is knocked out by a Mgh 

energy p t l t c l e .  

Several =Mew ar t ic les  are available for  physical processes Pas 

x-rays and 9-ray production (~ouldt and Wtrbidge 1965, Gbzburg and 

Wovat* 1 8 4 ,  II- and m t a u a b  1964). mere w e  a s o  redm 
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which include experimental aspects. (c&rmtre and Krau~iW. 1965, 

Giacconi and @sky ass, 1965, m w a  et, d. 1965 b) . - 
Whether one or m e  of t h e e  physical processes can be caqpatible 

with the obsemtisaz and MtP1 various a~t~0pw8icalk  parameters or not 

is the main point a$ the interpretation 03' observational facts. Succese- 

Ful interpretation of the facts, tog&her with further progress in obaer- 

wxtlonrs W I L L  lead us t o  a deeper undesetmdbg of atrmoqy. 

Atmospheric and Interstel lar  Abaorptlon of ELectronagnetic Radiation: 

Fig. 2 &ow6 the ertmspberic &sorption of ebectramgnetic radirrtbon. 

Curves represent atmospheric b m 1 s  where the intensities of the radiaton 

of variaus e n e r ~ i e s  are reduced t o  1/2, 1/10 armd l / ~ a o  of inftial values. 

Xt is  obviaus that except for  the optical end radio bands the ebectro- 

mgnetic spectru8a l o  ob~emable only outside of the atmosphere. 
\ 



. Butside of t&e atrmoapbere, the ;Padfation is &owbed by the inter- 

s te l lar  medim and etarllgbt photonse 

TBe cumes in Fig. 3 represent ,the range of exploration in the 

e w e  w3th radiation 0% vwfms wavelergtb. !Be curve determinee 

the density cb the interstellar matter (in a t m / c .  o. ) times the 

distance (in light years) t o  reduce the intensity of radlatlon t o  l/e 

of hitid valuee ~ I ~ s u n r b g  the ewerage density of the matter t o  be 

0.3 atam,/c.c., the galactic center and the Crab Nebula are indicated' 

on the figure. '1:nterstel.I.m w e  is essentiably opaque in the region 

from 912 8 (13.5 e.v. ) t o  &out 50 8 because of the absorption due t o  

the process of ionizing interstellar 'rncpl~ex~, helium snd other gases. 

Xn th Y-ray energy region, the absorption or the attenuation of 

the radiation, due t o  pair g~~Odluctim in collisrian wltb charged particles 

a d  Cormapjon scattering is very l i t t l e  and the y-rays can pass through 

the inter-galactic space as long as the Hubblc distmce (1.3 . 1 0 ~  an). 

3a me absorption of energetic 7-rays of energy > LO e.v. by pair 

production in photon-pho%on collisions may have a meen free path caparable 

t o  the Hubble radltus. %zor the extremely high, energy range of @ma-r&s, 

> 10" e.v. it my be necessary t o  t a e  into account the absorption 

by collisions wltB photons of very 1- wavelength. (001dreichagd 

and k x ~ i s a  1964). 

Thus far, moo% x-ray observations have been made wfth somdl- 

rockets (Aerobes). ~ M c h  reach a amximum altitude of about 200 krn U o P r i n g  

dbkxzmatims 8ib8TPe 80 &XI for about 5 minutes. I%le rockets have m f e d  

* Fwtfier detafla tal3U be &scribed by Giaccani e t  al on the Procoediae 
of V m m  ;Rplpner School on Hi& Energy A ~ t r o p k ~ ~ i c s  (1965). 



2 2 mrioue detectors of sensitive area from 10 cm up t o  &out 1000 cm . 
me techniques wed t o  scan the celestial  sphere with a rocket 

' , borne detector are i l l ue tmkd  in the f o U w  three typical cases. 

a) Rapidly Spdsgang Rocket 

me rocket is spun at 8 sp- frequency of about two xwrolutiorua 

per second and apmaxlmtely ~~s the f'reqwncy unt i l  it-*-enter8 

the atmosphere which reduces t& f'reqwncy through atmospheric &a&. 

!the motion of the rocket while it lo outaide o f t h e  atmsgbere can be 

treated as er freely sp¶.ma rigid b&y ars o ffrst g n p p r ~ t l o n .  me 

motion consists of a spin with constant an@Aar ~ E o c i t y  around the minor 

. axis of ber th  and a preceesim of' the epbn axfa around an axls fitted 

i n  ;he space and parallel t o  the total aq@ar pmmntum (preceseim axis). 

!be half apex angle of the precession cone in fhfa case usraaPly is 

less than so. Sqppoae that the detector hae a rectmgukr field of 

view in $he rocket fkma 'of reference aa i~ shown on the celestial  

sphere in Rtg. 4. A band of kky is scanned by the field of view by 

the tapinning of the rocket. While the sp3.m- -8 precees, an m n  

b r a ;  region of the sky $8 -scanned ae is indicated in the figure. The 

celeratial soplrca 16 seem whenever the field of view transit the saurce. 

The source is seen priodicaUy pwfded that it fa kg& in the band 

a c h  the field of view scans. !!%e period between succesefve transits 

o f t h e  source lo  esmntialdy e q d  t o  the epin period, which is aubdect 

t o  a slig;ht secular varlstiora and a mal l  prlsdlfcal vwfatioh produced 

by the preceosioa of the rocket. 



The number of counts per passage cf the source across the f i e ld  

of view is usually saRRt.P. and deUeate superpoleition BT " ~ c h r o n f z a t i o n "  

of the c m t a  aa a function of the azimuth of the detector &s with 

respect t o  the mvolutfon 1s neceesary %lo the course of andly~is of ' 

data fa order t o  e3tab signiffemt results. !L!hio ba the typical 

=%hod of analysis which AlE-PIIT group adopted. 

b) stownaf @inn* Rocket 

Xn sane eqxrhenteP the rocket wm3 deipun or the. spin velocity 
. . .  

was reduced by mans 0% gas Jete a f t e r  it reached a out%iciently hi& 

altitude. !tbn the apex of the precession cone gmatly increases and 

the socket s t a r t s  t o  tmble. T h ,  a larger portion of the sky m y  

be seamed. BIPt'hough the source is seen much fewer timepi, the rsky is 
. .. 

oc-ed much more s1ml.y and the counts dwf'= 'one revolution may have 

considerable significance. For ~ l e ,  Wiedmm et.erbe, (HIG-group) 

covered met of the celes t ia l  kmtsphere above the horizon by a detector 

wtth nearly a circular field cB vlev of 11' in d i e t e r  with a = c a n n a  

Thw far3 the at t i tude cmt ro l  systeni (ACS) 18 baaed on the w e  

of gpoecops cia sensing devices and the cmtrsl fe provided by gas 

Jets. @w Jete cause .the sp%a sueis t o  point t o  a +scribed dfrection. 

R. Giacconi and the group of pkgsiclsts at -sicran Science and 

Engineering, Bc .  and B. Rmsi and Other phyaicfsts at X.I.T. KPll be I 

refemed im or AEE-MIT group. Hm Friedman's moup at Rtnral Research 1 

$ '  
l abomt~ry ,  P. psjlsher's group at Lockheed and SO -'s group at 

Utp%ersity wtl.3. be referred. t o  as MIL, ~~ and Nagoya respectively. 



It lo t k n  posefble t o  k@ep the axis of a given detectar point- 

t o  a given direction wlth- a degree or so or t o  mke it sweep at a 

prescribed speed aver 8 ce- an- Interval. !Rais type of rocket 

w&a UBOa by group for the obsemLiogs of the lunar occultation of 

the &eib Nebula and br m e e d  -up t o  8cm the gdhct ic  planeo . 

Several satel l i tes  have been used for the o b s e ~ ~ ~ t i o n  of coslafc 

'-1qy8. 1 C s z u & ~ ~  and Clark (Krorushaer and Clark I*, ICrau~phmr et. dl.. 

1965) f i r a t  used Explorer XI wtth a gamma- detector of effective 

area of about 45 cm2. The Explorer may provide ax obsemtfon time 

of the &F of 3000 hwrs. Also, there axe eqxAxnents glsnneii on 

the a0 which m y  praofde an obaemtfon time of about hours and 

2 
wfth en effective detector area of about 1OOO cm . 

L. Fetereon (1965) u e d  the OSO-1 satel l i te  t o  fly Us 50-150 k m  

photon dlrectianaal scfntillation detector and a "Ccxpton telescope" for 

the 0 . 3 ~ 3  Mm range. Arnold et. al. (1962) ma6-d photon fluxes 

wlth au isotropic counter an a boom on the Ranger fII. 

Also, balloonsr have been used for the obaermtioa of x-rayo end 

or+ froen the ambient background of secondspy radiation in  the atamsphere 

only hi@y directive M a t f a n  is looked for. 

Detectors 

a) 6. M. caugters and proportional counters 

The G. M. countess a c h  have been wed far x-sa~r observatfoxm of the 

are seaaitive t o  r-ation in the range 1- ID 9. DB long m- 

kngth limit is ect by the a f lna~ '= te r i t a  and the hart wayehngth liadt 



BeryIfm sriadam of thfckness 2 inches hiwe been cucceei- 

FullCy wed. This thickness carresponds t o  the ab8micm length of 

x-rqys of 8 % and it is eaaentially tzxmqarmt for x-rays of shorter 

or bydlPo-carbon are under et* a d  it w5l.l. soon became possible t o  

exfx?nd the observabl~ range t o  20 R or- 30 xo . 
'6ae efficirncy US the counter atarts t o  decrease for b c r e a s w  

energy of x - m .  qumtum e n  the gae of the counter becanes t m p a r e n t .  

Argon gas of on@ atmoq9heric presetare ruld 5 clgl deep begins t o  be semi- 

. . tmmpment at 'about 2 8. a heavier gas such as ~ e n m  one can 

e=il,y the counter sensitive qp t o  eelgr 50 kv. Bn effective counter 
2 area of arbout 100 cm is now very ccle8pon. Proportional counters xaqy be 

very useful for spgctra.3. ~bser?ratf 0ns Pulse kigPlt distributions of 

a Xe-fUed gPopon*tional cout3ter for various mnochr-tic .sources arc 

shown in Hg. 50 

b) Scintillation Oountem 

Gcfntfflrrtion counters have been used for observation of both 7-rays 

and x-rays. 6 output pulse height is proportional t o  the energy of 

the x-rey guaatwn w i t h  fairly good accuracy. The average energy per 

photoelectron for: a typical scintfllaefon counter io  1000 ev whereas 

the average m e s a  per ion pafm. produced in the pmportionsS counter is 

the order of 30 ev. Thus, the acintlllation counter mey be suitable 

for ccxmptwativefy higher energy region8 of x-ray, aey > 10 kev, where 

the p r o ~ i o ~  couater looses emciency and msolution. 



The Explorer X I  -rinent (~rwhar md ~ ~ e u ~ k )  Xkamhenrr et.  Qa. 

for detect* g8mua-w~ relied upon the directivity of the electron- 

positron patr prroduced by the gamwwqy &1 a CsI-I%I counter in 

combWtiafl %rith acdntfM%itbon counters and a Cerenkasr counter. 

An mrangement 0% 8cin t iUt ion  caunters in  coincidence called 

pas J'Ccmpton telescqpen (hteraon et. a.) vas used for OSO-1 eqxmierent. 

A photoelectric &testor is essentially made by a canbination of 

a large gho-lxxaaode atad aneXeetrrJramrltiplier In such a way that 

photoehectrom egectedl Fran the phoeocathode are led t o  the first 

clynoiie of the h t i p l i e r .  a4Le effllfniency of the ghatoelectric effect 

at the 80116 m a c e  for incident x-raiys of 1- 10 R is typic- a 

fractian of percent. X t  Increases t o  the order of a percent for paz¶.qg 

incidence. Also, there is evldence that for longer wavelengths (10 8 
n/ 30 8) the efficiency is higher. 

A p o w  of m8%- ecientfl~dt~ discovered (1960) tbt 80EI l@ Wi 

. halide, Use CsIo *Po have tmomlou&~ly hi.@ efficiency far x-ray 

photons mounting t o  the order of 205 or m e .  

The ASE group made successful use & this detector on a rocket wlth 

a sensitive area of 40 aa2 and sensitive vavelength up t o  12 W.  he 

virtue of this detector is that it ctan be xmde aenaitiw t o  x-rays of 

long wavelength became a strong wtndow is not necessary* 

d) Spark Chambers 

The tPirtue of this  ecMque is the cosnbinatfon of its directfanosbity 

(say, 1' for l Bev g m m  ray) and its broad acceptance solid angle. 



a ~ l ~ ,  this fie8 the purpose of surveying discrete source of gama 

for find- a discrete sowee webst a baekgrou~ld m r  a sbple  

C O O U ~ ~ P  aayetegn. Thf b C?Sl8bPelil GZ'f28ljen a d  his C 0 W U  glWUp a K. p h  

for balloon borne detectors in wife 09 8 high background of secondary 

orfgln at the bUoon atgtude. 

Goll3m~tme : 
-. 

a) Pnr oxdm to resolve x-rqy rsowcea and to obt- accm85te 

hformat%oa on the locatbon and the fmg* ~ f z e ~  of eoarrcet3, .it is 

necessary to biar$t the fieU 09 view of the d&@etor~. A eollbatar 

W ea lhomycmb stzstr$u~e use8 by the RBSi group t o  provide 

vide by bQ long. 

b) %be ccmb%fbatim of high resolution mad broad fielld of view 

vas achieved byA%duhtim coUiglator? &mePop& by the ASE-MlT group. 

me psbciple d' this c o ~ t o r  1s schematic6S3y shown in. Hg. 6. 

B p n d w  upon whether the m g u l m  size of the source 1s smaller ar larger 

thsn -d radian, the c o h m t o r  produce or does not produce the 
D 

~ ~ t l a r a "  cxf the flu sah- the arfenatcRtfon of the e o b l ~ t o r  with 

re~gect  'to the direction of the source changes. !L~uB, the size can be 



reeubts fra sham together wl'th expected c m  (dashed line) for a sfze 

< i  0.5~. 

A e o ~ t o s  0% ys resoLvbg angle was wed to detemixae the size 

of the ~e6-X-b sotarca. It &lE be feasible to &~a&n a rocket-born 

aollimtor, of, say 1/4 ere a n u t e  r e ~ o l u t i a ~ ~  with a b r d  field of viw. 

With this  co%blaatoip, cme @an also detmdne the location of a 

source on a group 09 E j l n e ~  grogected on t&e celestiarl. aphere e~ccordbg 

UmLt the possible Pocaticm on few l h e c .  

Image f- telescepa b,ve been csznetmetml and wed $or s o w  

x-ray %3stronaqy by M5. %Us h ~ t m z e n t  consf8te Of two reflect9mQ 

surfaces which provide tofa2 rsfleetiona of x-rays wkier I ~ S O L % ~ ~  incidence. 

TMs inst-% m y  present an hmge of a s o w e  with an mguhr  

reeolutf on of pzrhaps a few arc secaad *en it ie wEb pofntsd tommb 

the source. 

a ~ e - t i m  pacts ( x - m i  

%'!he existence of &ra $o& x-ray biu Bfrat dfscmred by Giacconi, 

Gwsky, Bmliaai & JSE end Rose1 of M.I.T. (1962) with a ~ p i w  rocket 

bunched in m e  1962. G@-r counters with a Mde field of view were 

u e d  and a stroxg s o m a  in tho vicinity of &he Galactic centero h m w r J  



off the center slightly, and a poaslble weaker lsource in the Cy&rus 

constellation were detected, Uao a dff%uae backgrcund of probably 

celestial orfgdn was observed. Two aclditional rocket experiments by 

the e a m  mug (Otto I*, June 1963) (c%r&y e t  al 1963) with similw 

inrstzxsrnentatian e o ~ ~ i f  the results and gave an Indication of 

mother source in the dlrectfon of the Crab Neb-. Friedtam and the 

group a t  the R a W  Research X~boratory (HRL)t In the memtinae, flew a 

coU&nated detector In April 1963 which scanned the gene& realon of 

the Scorpio consteUtion vlth an angylar resolution Or 1koO (Bmyer 

e t  lw a b). !they detected a strong source which definitely 

off the Gaaactic center since the fU&t was made whife the Gabctic 

center -8 below the hmiz~n.  Th%e fl ight also rweabed the source in 

TWarw which f s about 1/10 ae etrong aa the fbst  source. 

Ph Juby lw, the group (Bwyer e t  aJ. 1964 c) succeedea I n  

fly%ng an attitude-controbled rocket at the nrroment when the moon occulted 

the center region of t h e  Crab Nebula .  mis exgeriment clearly showed 

tha t  the T e z w  x - p q r  source was in&ed the Crab Nebula end had a 

fi'nite an@m ~ ~ t e r  of about 2 tux minutea. 

~n I*, 'five r o a e t  flights were carried out. ASE b MIT gmup 

(6faccmf e t  a18 1$3& a, Oda e t  al I*, Gfacconf e t  ab, 1965, CLarB 

a t  al 1%) with two rapidly sgixming rockets (AW. bw and &to 1964) 

resolved the Scorpio x-ray smce a d  a source region in the vicinity 

of the ~ c t i c  center which extend8 a l q  the .GaUetic plane. 'ibo 

discrete sources in this eource! region were tdent i f fd  ernd located. 



me NRL soup (Friedmu 1965~ Bmyer e t  all 1965) wtth a despun 

s1mfsl spim%3lg rocket Launched in July 3.964 snd Nm. 19616, scanned m e t  

of the northern sky above declination -5f utd ob8exwd the source region 

song the g ~ t i c  disc extending fop about 600 of ~ t ~ c  l w i t u d e  in  

Seqens, Sf@t ta r i \ r e r  and Scarpis, two sources in Cygiw sgd the 0 

60ebd.a. !J!he source regton was concluded t o  be canposed of probably 

several e m e e  whose loeations a8d intensit ies were tentatively given. 

Pischer e t  al (1965) 8c-d along the geLsctic plane i h s n  lUZ 320' 

t o  1600 and d&kmined the galactic lolylitude of aearerd. sources. 

Clark of MOTe%. siicceerlled ion 1764 (~Bmk l.965) Sn detectfng x-rays 
I 

f i a t h e  Csab Reb- with 8 b~Uoan-Imrne inetnment i n  the energy 

I?&, 7 sham the part of the tsky aBch has been swm~ed by the IlRL 

mrvey of YUY ma Nmaber Re6yiontr uf the BISY studies by ME-~~IT 

The strongest source in &orp%o (GO-~0%)  wm obmwed and located by 

t@ ~~B BRL and Imkh& grwpe., fntemit ies  02 the S O - X - f  est$anifted 

by these groupe are %n seereon&ly good apeenento Qpbcal figures rmy 

be I f  sted as i o l l ow~  after GJI~aewn i~  Gursky and Vatore ( l S 5 ) .  



Counting I?a,te" Xntegrated Power* Xntegrated Flux 

Energy Range 2 cmts/m scc 2 erga/cm aec 2 - motons/cm .oec 
. . 

I /v 10 ~ C V  16.8 - 9 0 ~ 6 '  (1.6 - + 0.4) . 1o07 32 2 6 

8 kev 1.2 - a 0.3 (3.3 2 0.8) . lorn8 1.8 - + 0.1) 

* Counts for 1 10 kev20btalned with kgan-fIUed (IM counter vlth a 
Be-window of 9.0 &an thiclkncseo Counts for > 8 kev were obtained 
with the I4a.I countep~ 

Integrated over the' energy m e .  

Consider- the slpectro?l reeponse of tho counter and b e d  upon the 
aasumed energy spectrum of ))-I . 



5 

fig. 8 tiaumwizes the obsematiom by ASISMIT, HRL and m e d  group. 

The existence of' the c q f e r t  source region near the Galactic c a t e r  

is m d  on by ME-MIT, esd Lockheed, though details are s e t  

contradictory. Resulte of A6g-mT o b m e i o a s  are s\a~~~arrized as follow31 

1) The 3,matfon of the source in Scorpio (SCO~X-1) 88 efther , 

one of the f'o8lawhg two  bocations: 

me error in tbie locaticm ie &out - + 1/2O0 

2) The eolpca region between = 340' and In a 15' is United 

in a narrow box of the d d t h  6' as iodicatsd. ~ h l s  box i s  8 - t ~   of^ 

the @ k . c t i c ~ e  andl .the Gabctlc center, therefore, Sagfttarlus A 

is not U e 3 y  to be a atrang x-rey source, thou& the poatia~blll~y of' wo A 

being in this cannub be caqpletaly ruled out0 

3) lac b k g r a l  intensity ty thie box reglon is about 1/2.5 of 

4) me reem m y  be ccmpoed of r s m a l  dttrcrete sources, 

tho- a poasibtlity of a ~~ b k g m m d  cannot be ruled outo Tke 

of i?%&X-le A t  1emt twa aiscsete source8 in th is  box ~ . c l e ~ I y  lw&,edo "* 
5) me rmmnt of a6d6 b s no a s w e e  or at least i t s  in- 

4 - 
temi ty  i s  fees than 1/30 & SCO-X-10 



ere resolvec~ in the aource region vhich extends from = 340' t o  

5 1  
= 20' and tbt co-at~on of the regton csn be &st e?sg-ed by 

a grsll3> of possible mureesr iad%aat& In the ]Figurers 7, 8, 9, The 

intensities maiwed for the sources i n  the unit of the intensity of 

SCO-X-b ape indicated b Fig. The hteesi ty  of the Crab Nebula 

range. Two ~0up"ces were .bo@a=ted i n  the co8st;Utfon @ygnu8 but ne1Wa.m 

of these coincide with the Qgnw loop cr @ygnu AO 

h rn of SX-X-L, aa 16 14 , -15' go with an accuracy of 15 arc mfpautes. 

One of the two Cygnu8 ~cgvlffees located by WEEI caagil~mred~ 

AQ described & f i r e 3  x-rays &om T a w  were obsaemed by the ESRL 

group wqdile the Won occulted the Wdb ~~ and ckarly were &am t o  

come t'ran a reeon of angdsr dtameter of 2' near the center of the Crab 

Nebula. 931%~ is the oBagr x - r j  source, thus far, *I& taQs been 

identified with w y  astronoaziegib obJect obewved -with rauo or optical meanso 

DI B-, one mtqr conclude aa f0U.m~~: 

I) l%e= is en x-ray a-e in the Crab ~ebula thst i8typlcrrl 

2) There are at hewt seven or e l m  dlsc9ete s m c e s  which erse 

~oceated vithin 5' oi the ~ c t i c  plane but pljltlt% a scattering 

of about 3'. mey how s Loose clusteriag the g a l a ~ t ~ c  center. 



3) WO=X-l fa  &LH~ except3.m being more than about tea Wries 

stronger than my other some8 and Leated at s a r m h 1 ;  high galactic 

latftude (25') though i t s  direction i s  stiU in the general dir;?ction 

of the! Galactic centero 

b)  There 88 no addence for .the identf ficaef cm sf x-my 6 O ~ r ~ e 8  

astxoncmtcal objects which are obsmmb3.e with radio or trisible 

lwt except far the x-sai;y 610wce in the && Hebul.6~~ 

5) Angular eizes of Mecrete source8 are s m U o  of  the 

sawees in the ecqpbex re@m mar the gahct tc  eater are sm3ler than 

3 .  T h e e s u p s e S C O - 9 8 - l i s U % m T 1 .  

6) ~cme of the fo~owimg abjscte &QW t b  e-hca og x-rey 

ermnissim Qf %nWfty ~~ than l/m of sc6-X-1; Orion cam~glex; 

Cygo A., Quatars, Sf? rammtra exce9.t; the Crab & b U  (~854). 

7) 1% has beeg agreed that there imy be a dtffwm, pmbab3Jr isotmpic 

b-. !Exis w i l l .  be &lscursered U t e  la mre de%&le 

The M'mxatf~~~ axl the spectra & X-~QT sources fs 8tJ.U very meagre,, 

So faro the in%ommtian ie d R e r b b  aily for the qsctrstb region of 

I d 4 0  h v  w i t h  3li8lited accuracy. A tentative w e t m a  for the 

S60-X-1 fa  &~ynthesflzcd in I!%$. 10 ~~~i~ pieces of results, 

G%ezcccm% et aJ. (1965) coacluded the followbg par~ters reapectlY@aY 

for as-d 6pect.ml fhct3oner in 1 w 10 k w  range f x m  the coqpmiscm 

of counting rates of GM counters uftb no Pl3.k;~ end filters of cWEYmt 

thichesses : 



'Eihe hportmce of the ~ e c t r a  5n the 1 - e ~ ~  mmlen@h mgiarm b a ~  

It should be empBmBzed[ that htensitf  as at' the dl~crete ewacera 

wfpk,but at the the,'%htq do not &t mb~tmtial rwdl~ mdb qtiIcdL 



prnica l  prowesea have ?xxn ~ a m s & .  (Be Fig. 1 end revlev articles 

of themfee) 

1) ~~n r ~ a t i o n  ai electrop1~ in the loL4 ep- 'range in a 
-4 m g c  ~ ~ e l d  10-3d U) the r a t ion  in the x-rw 

band. Howeverb since electrons in tbls c k c m c e  lose their anerglee 

very rapidly (XRUI a par), eom mechaaierp of injectkrg el.&ctrms w%th 

this e- ~UI- mt h the S ~ U F C ~ O  

2) The b~emastrahhmg of an electran of enezgy of about 10 b v  

fQ an lqpmt with a proton (and probably an olestran) a w s  radiation Jln 

t b  X-w W. Roesf (I*) p o w &  out that the conflm69eion of cold 

plasmtr in which nm-th- electsona gene-te x-naye by bremst&awhlmg 

ii a e u  to be a strag x-ray source w suggee~ed a ktw p aB 

a possible some. m a p a  oi u'P' me- 

earnglee of clectrme is the ardler of 10 leev srnrd the B F - & - ~  & 

t h d  e ~ ~ c t r ~ n s  (fi-ee-free trrmait,icm) is in tbe x-ray band. ~f this 

ZB tha the puest2011 1118 sthen  OW the ~Lesme is Wted t o  this 

ture and kept c m e d  for s 1- periodo If we consider 4he.fkee-bamd 

radftian in the plasm in &&%tion to the free-free ~&%€%-b40n~ the nece8saz.y 

t e q e m t ~  can be reduced by acme fact?. (- e t  af 1965 dl.  

We may & d s t e  v@riw physical parmeetere of the source for 

~ e u m d  gl.Ursical. prorsersee a d  see If they cape zwmn&leo 'h an example, 

fn -1e I the elec%ra density, the energy dmafty, the t o t a l  energy 

the m&mm ~GW. mass of the source are ca$&*d in order t o  explain 

the SCO-X-1 for assumed dlcstaces to f$e source and alze of the source 

98% %ypa&L glrocesws, - 



Far ex@xplep if the source were a stqprnova remnant, the tatad. energy 

6Q 
18  me^ tslar bo ma the -AS m e r  t b  5 SO- ~ W S O  

%!&en, for ehas table we that, if the Caqton effect %e the 

process, tbe source mvst tw mtmwz&e hot plasma is energetic- 

gos8ibl.e gars a at a &l%atance odir W o  eeco 

Re- Mch is a remnant of 1054 supernova (a] by the HBL group 

or Cygnus Loope mi8 nut be tao mmprising, hciwevw, if we take 

Into account the fact that 1054 SQl m y  be the nearest mpmova which 

the 2- 2 band fi098 cent& U f  ab0& 2 rpFf D&tl~t@6 

d i ~ * ~  ~ o ~ a d e s f r n k ~  the iu.&mce to the ~l.6 ~ ? e b u ,  W? me' eoao 35 

of ebectr-tic radlatbon fram the Crab IBebUo It 1s wegl known that 

the mmrn up to the qfiaQ reglorn can be explained by mano of the ' 

qmchrotron r&Satfon of aergetfc elec.P,roxwo Hpplm varttnm g ~ i c ~  

cona8dwertioner of the structure crf tihe C%& Nebula, f t  h m  been amin- 

tan& that the wergy cxP adst- electrons not exceed earch beyand 

1012 ep end qectnmr 09 the electr-etic xwttation may a c u t o e  

net far beyozxl the optfceil. regione Cb elhe contrary, the ~pgctnaa wenm 



t%m of the speck- f x a n  the uptical ream or this x-ray batad ha8 

P 

yetar) by tmich lo1' aLe&mm are cont4mrmqly produced in the Creb 

It be etas- seca $km txib3.e I that the *ek-f'ree e%n8~sioa of 

the "hot" cloud of temprat- 1 0 ~ ~ 1 0 %  is gc?sib~.y the source 

ig the CP& Neb- though the mgmmnt 48 %-to Xt pointed out that, 

betwefa the hot isafze eloul in the C"ssrb SW&U and hot condenmatiom 

fa the z d o l s r  corona which were c o n ~ i M  tm the OFQI~ of enhancedl 

sroM x - r t ~ ~  & app%%edl the result8 cxf the calculation d a m  by Kambata 

and Elwert t o  the problem af the Crab ~ b u l a o  !they ahawed that ~ 3 -  

the cha%cal c ~ ~ s i t f s n  of the hot cloud t o  be sla3lilar to  the ccqposition 

of c e s c  mye, the teqeratawe ,061 the phma am be ~ ~ & t p c e d  a c a m b t .  

The gueerl;im of Bow the energy #&LB puugted MO a hot platma 

Wuld f~ ~ i i ; t ~ *  Wrdd Wzrbfdge (1s5) && Wt the - - 



- &o 
ers 10 Ee, for a mod to be coxpat9blnt W B t h  the obsesvatiano 

Wrrf~on ad' Sartmi (m) propeed s male1 fm the bietory W the 

In the explo~fog~ R~~Uo-active elements famed %ka rwpxe8s &?ew through 

Cf-QputBeeis of !&a Unee dfstslbute bewen 30 kev and 2 M a r  

and the fluv of *-& Une (9 kev frcln CFW) is e s t r n t d  to be 

the x-rqy emlesion Pram the e&ces, htazediately (Qliu 1964; see H e w  



of stel lar  evolution l e f t  the explo8ftiono It Is suppomd that - 
a e  bedew 02 this atar is a c t r m e ~  (1015 g/d) it is 

composed of neutmm which are in B deaenererte state. After foxmatid of 

the neutron star, becsroaee of  enoxmom en  lo^ energy released t o  

the heat, it r e  extremely hot (typically 107%) for sorue tin&+ 

(say looo yrs) and it &ts the blackbody radlatian a c h  i e  in the x-ray 

band aP, %hie ~ r a t ~ .  Ee wzu3 that a neutron at typical, 

distance be a btectabfe x-ray source. IBwamr, the size of the 

source ~etexmiaed by the 'EEL gmup snd the sgac tm > 10 kev regla by 

Caark made the neutron' star hard to be the direct mcPletn%slra af" x-ray 

EiOurce in the Crab I e h h o  ~ t f c ~  atuDBLfeer af the neutron &w have 

been continued and i$s various pos~ible  mhtiom t o  the x-regr rsource 

A que&ion mtumU.y arise. Are all dieraete source ~ ~ ~ ~ H L Q P B L  

the 
reanantst RecU the fact that/maJority of the sources iu the galpctic 

plane cluster within &tpjpzaimat~ 2 0 ~  of ln. '.me n~alcatats tlhat 

the s ~ c e s  are mainly 1cxated in the vfcWty  of the aft center, 

wfthfn say 3. l ~ c ,  and, hence, the dfatmce t o  these sources fma IS is 

we are lead t o  the folbxdng ~ ~ n t s  by s$atieti& coasiderations: 

1 )  &nce the dfsltances erre the saw order of wmrpnftude, the sources 

9 .  Tho lilee of a n e u t m  star f a  gulta' u n e e r b h  because of obscurtty 

in the cooling process in this hot and highly ccxpreased =ttero (See 



we HWlSt ' nummnm qepgwae %B tihe vicinity of the galact% e centero 

Ilra order t b t  t%rie ntmbm of mqmmcmie is conpat9tbl.e with the 

at cazqpmatively higb g?#claCtfc htftude (r95O) mey ~Ugge~jtt that it 
tb@- 

be1aqgs t o   same kied of object ea the other sources only 

be* locarted nearbye H-8 2f P% is similar t o  the source fa the 

P rsddio or optical a m t i o n e  

* !Bere 1s a rwnolll ~~a obJeet mzn in the amar ch-cb on the FaJamr ' 

Q b m b w  Sky f3umey. Abm the r-o tmtmcay g m g  a? 130- irrdflcrYeed 
8 radio wwce in the circleo l$raQ there 2s no artdace tht they are 
p m m o  
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It is nut U 3 y  tlmt the E&X-l is o3mUar in Isfad t o  the sources in 

the vicfnity of the galactic cs~ntm. !!%wit9 the queatfan. of what is $C+X-l 

is entirely lapleolvedo 3% fe ~ ~ l y  i m l p ~ t  t o  lqprove the accuracy 

of %ten location e;o that nmm thomu& fmr& fm radio and p p t i d  obdecta 

Pst poasrfbEe. 

8uppose that the plqysfwd. g9oeem In the SCO-X-l source is eitkr 

raaf~t%on or &ee-fme tmmftiana by a "hutn dilute 

regardbe whlch a8tr-a o3bJec-t it i d l o  !Then, the energy flux In 

the @ f a  band ie mcoat Uke.3~ larger tbm that of x-ray band; feeo, 

loam erg/cm2 sec. m s  optlad. Plux cmagoeds to mgnlturle I 2  end 

Wer m e  ~~~ e ~ t i s m  It 8hut.U be.bQht8p0 Therefore# unbsra 

it Ira er dUYtuae o m e  of Urger cmguhr oil= than tam arc mlnutes eo 

that tbe &we BrQWnees is cllhtd d m  t o  22 or 23rd mgnltule per 

square ~ P C  seconds or A t  fo smn9'lnr than a few axe secondas f t  should 

s O W F C ~ O  Hnce we Bmm that the size of the ~ u r c e  i e  m l b a n  7 ere 

Wautes, the angular size cf the source must be $n sa lidt& range' (2-TQ) 

hi@ -tic ht%tude3 2% 18 -t* On "b m 0'' in the 

g@.a&ic c m * .  !Ms f e the source of a mqgestfon  miso son) that 

the SCO-X-4 say be a gbencmmm of @lectAc s a l e  and bcate8 on tbe 

galactic axis In the haloe 2) SO-X-1 I$ fn the general region of the 



C ~ I E X  C C X Q O B ~ ~  og O-B 6t=€3 ~ ~ E E B O G ~ ~ ~ ~ Q D .  ~ZXI f n t ~ ~ & a ~ ~  c a m  

extend h Scorpfo anti' Sa@tfmxtw comte~t91on at dljlstace of '700 

PO 3) Rela%%ve 1wtlloms of the "north polar M o  spur" to the SD-X-1 
/ 

eqgges&s the poersible reUt5og bedxeen the ~ . l : ,  TMs geamP;rtc relation 

Is cons2stent with the 20- p ~ c t ~ o  we ESy aseurme Sm &m 
nearby tbat its expcm~& rebtivistic gss ~ l a ~ d  c ~ ~ s i a g  ths 

cB,W aa in the cme of* Cmb IeBtaln. XfYemnee of' thb picture' 

fmn the caee of tho Crab &bub U Lat tha ~ t i v l s t ~ c  &fm cloud is 

fz?q@B~irnd bere a d  the m& m-t-m x+ezmBnt t3caSbm.~  not 

d m l q e d  to be arfofb3.e apticsUye C a m k ~ t % c m  on the possfble age 

of thls "SITq' ad the expansfas wed af We bom&ry leads to carr e&Wte  

of the xzukl8t%w pwer of the prcmtded that caxrtr3btntfm of tbe 

lsstropfc como%e& of fa m i n ~ o ' ~  %%erefaare, the &sol- 
2 

fn-lw O f  hyezEeuCy tb3 0f 9X) q , e  8eC 

b - U l m T  
2 %~TI(R~.. NU)kevrtmge. 

-1- is tbe dtstance to the galact~c center. 

%g the l!a&cme& nebula is 8 ) i m l U r  t o  our @bxyO I t 8  x-my Intensity 
1 2 in predlctd t o  be ab& w ¶ ~ w a  Beee E our galarDr is an -age 



pmvtdeia the 8pectm 02 B and the B-d w e  etz~ntfal3.y 

s ~ .  !BE ra t io  is: o ~ / ~ s c ,  laNmE! bFacumund - 
f ~ r  a t  8 0 . ~ 1  engls fiBC0 18 tha ilux dens~ty 0s the saa-x-1 a t  

2 is, m y  17 camt~/cm sec in 2 8 Z( bans. Reaultls of Bhov that ' 

'T I s  rarghly prqmttlcmal t o  fi & +I -eted if the badsgrou~1d 

~ c t e d  to be On exsipm becase Qf a part- f"a.ll- of the veto-counter 

the veto-eouuter anti, hence, ft fa  'under-IQ that they abm &l&Kly 

~ ~ n c e  of the counts when the counter was 1- upwards a d  dammrd~ 

ME0 Thm, the bac&mudi mnpxmt vf1LcP1 is gxwprtid to the field 

of view M' tae detectm is, eetima- as about 6 cormt/(d sec ster) mr 

, 2- 8 8 b e .  If we consiikr the egecrsrr3. msgaase uf the detect- and 

the energy sgectmnP the f~ msy be ee as PO. q-tqtd rec ater.) 



!&!re is no -dace for anisdmpy for m y  8peci?lc Birr:ction of 

. Galactic cour&mt+e: e~g. .  say the direction of the Milky Mrpr. Also 

there Se no pbs2tfye ~ c ~ t t a  to &CBJ s bright atm-eric b.orfzan or 

pjlrgr prefe~"entm l a  &isima*. K u  ixxfmtim ~ c a ~ s  tbl* t k  back- 
., 

cde is to attrlbuk it to the st.tp~po~aitfoll of galactic x-rap (~ould 

eagd BurbiQe 1s). %e other is t o  corniderr the generatlag of x-ray8 

Suppose the bac&mwd f'hx is a supx=posStticm of x - r n  f m m  

galable8 in tha Mivwae up t o  the m b l e  &kr&ance, IPw lxwkgrot'9d 
* 

flux, XB per unit sohid angle I s  expressed by 

v k r e  n 2s the density of g d k y  m d  pg is tbe ealssivXty of t&e average 
8 

galaxye E our 11 ow of the g%&ades and the x-ray sources 

are 1m- near the center of the galaxy9 the tntewfty of the source 

RG is the dfatsnce to the Oalactic qater. 

+ 'me Xx-X'ay o l n a m s y h g v e ~ ~ t ~ i n ~ ~ ~ ~ ~ l o g v ~ b u e  
. we vill no?% into theses p0bhm8 here. See Oartd end mbidge 1965, 

& f a  1s5 f0X' 
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!there is no evidence for ardeotmpy for cmy spc8fic dlrectiqn of 

GaUctfc cocz-dlxmte: eego m y  Lhe direct% en sf the W q y .  Also 

them is no posfttw Wcatfon to  a bright a-m&c hortzan or 

my p m % ~ t i & l .  l& azimuth. K U  M m t i m  h&lcatee that %he back- 

ground $1- *om outsbdle tm2y ex5rrts though 5% is nut &mik te f3 .  

ceria8rm that the flux e-8 %ran a.r%sicle of the Van U n  belt. Xi? It  

fs c x t m ~ . . & f a 9 1 ~  ft i~ IJkely & w t f e o  3 3  f% fs extragalactico C 

ve rimy a dLg the galactic d5ac irr say, the 101o20 I( band prmtdted 

sugpose the lm&&mma flux a Bqerp013ftim of x-xqm fYom 

are losalized near the center of the gab4y9 the i x8 tcm~l . t~  of the murce 

* me x-ray c ~ u n d ~ h a v e  an 2.~1p-t begtltls in csen~G, but 
vU1 n c r t r z  into these p~oblema here. 8ea Gcmld and aPbidge 1965, 

8cimEA ~ 9 g S  for L e o  



8 

'Putting f igukee in the f w  

-ll - 3.10 /@c3, RHC3.10%pcI R C C s  10 kpc 
2 and & U) puanta/~2 sec ster per 2 ~8 8) we get f S $30 quanta/an sec 

f m  2 d 8 8. This is about 100, t-s greater then the observed intensity. 

That fs, the superposition of the gebxiee expJ.ains only me percent of' the 

observed isotropic flux. 

If out galaxy is not typical and the d s s i v i t y  of the avwage gdmcy 

is 100 t$naes of our g-, the irsotropic cmpment can Be explained by the 

~ s p o s i t i a n .  33' so, it can be s h m  that the Virgo c lwter  would provide 
2 the intensity af about 2/cm sec which m y  be! obeemab1ea 

Bg on the average, one out of m'gahxles hsre the x-ray endseiv3ty I00 

m.titws of ow gdbxy, the auperpoeition of x-my flux from these galaxies 

Ealso explains the b-ound. Pn this case, the typical distance t o  the 

nearest glar ry  of t h f s  kind and its x-ray intensity c ie~  be ftgwed out as 
2 approxbately 2mY3 (MPC) and 3.100~ (*)'I3 countdm sec per 2 8 8 

2 respectivelye, If m is typf wily 10, the expected intemity f s 0,1/em see. 

This figure indicates that by imprenring the ansftiv3ty of detection technics 

by a factor of 10, we m y  resolve the background t o  the camposit exkt@kctic  

source if this model is true. The background c q o n e n t  of intergalactic 

origin w i l l  be discussed later. 

XI Cosmic X- rays  - y-rap3 

Obsemtions are somneasimd i n  Table XIo In 2%ge 3.3, results of 

observations on discrete sourccs.are srmnrrrizd. NO positive evidence 

for any m~ronomicel obgects beiw x-my or gmma-ray source except thorae I 

-- 
X-ray ev-wcea which were il.tacuised before $ea been found. 



field w d  asawe that the elestrms are produced by a e  &cay 

of p3om ernd not gosb~cehr~9t&. Beawe apprcc?&vabU the same 

into 

* ~ = c Y  =WFJ 

Pram the Cmib Hlebuh the tqeetmm of ~duwt ran  radiatfon fa , 

known for cs wide 1Pz:equency range, from mdI.0 t o   tical. r e & a ~  3'0r 

thus dedved tw %n&Zcs?x?d %n f Q w @ o  & a&& the ~ c t m  

i a  estlmte8 for Vfwo A. The spectrum of syncbetron m¶i&%on fn this 

case fe  not known 'beyond ratlo m@anb So the calculation for 

experfinen= m~atcr only dauw the up&r liatits for 

to ahm the electrons in the Crab ETebu3.a are not s-Pe decay products 

of pi05168 and are probaly post-accelerated .U the syncbroemn spectrum 

of the C s i b  Nebula exbeads beyond optical re@= as shun %n =go Xlo 
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Ia Figo 14, obmzcmtiW resuft~ on the fsOf;rap%e caupoxient are 

fZuxer% are real. ~~ 2% is nut &tbscdate$Q9 certain a t  t h y  are 

!&e isotropic c ~ ~ n t  m y  ba produced I n  our 8- QT mre likely 

decay o m  fa  igd3cated in the figure after @wd.re a d  lCmmharo 

Pazlo, ~~ a d  lM@t (1965) showmi that, if the 3.5' blaflr. body 
8 

rtkdiatilon field ~8 P @ m b ~ - ~ ~ ~  (1965) b C- aub&cmti& eontr%b&dlana 
A 

rEadfatf on field by g&La&ic ell?cWm~. 

As for the ieotropic ca~~cment of actmg&ktic mlgin, m e  m y  

J b  In the c-e for 1 10 kev z&ge, the ~qerpoeitica of g&kx%eb 

may not qJa3.n the observed i10tmp%c flux of 

@Lwy is "t3rgiCe.r"' 3 2  saupcsts irn our g'a'azy ~ s t r i b u t  I a l I f e  in 

the cmtribtxtion fmn QW gausqr preaoninate the sups-pcteiticm 09 

orp .to the Bubble distmce. m, the s ~ i t i o n  is not U d y  t o  be 

An* po~sible place for generatian of the isotropic ccqponent 

is Jrm fntengU&ie space. One ] ~ ~ ~ s i b b f i t y  is the imrersae-Cun@on efYect 



Bn inter@Uctfc sgme* E we ~~ that the electron qpectm fn 

tntergal~ctic Bpace Zs s5nUar to $hat 'i&@sma et crl. (196k)c lsd  

for g,&&ic eIectmmse ma uae tbe *bar light photon denelty vorlred 

'out by &amire, we get an expected q p c t ~ ~ g l  aa shown Pn the fQureo 

fg the electron spec- &azU P a p  a c ~ ~ h l t  p-r Pis enww 

tu lndl&gdi by C1-daegs cqpecbmt8 we expee% ?he q ~ c t r w a  fnndicated 

by s W k d  BSEle. 03' c m 8 e 9  tM.8 ashlurqtfon of EI-ty of eU6tron 

ddmity fn the cXbxy anti in the ftltgrgdbctic mace is W e  oPz%gt for . 

the cmnhcace of disw&x.io We expact even B ~ V ~ F &  mdere of m t a r d e  

M@er flux of i . m e r ~ e - ~ a  9t-mp and 7-m~ than &wUy ie observed, 

ig wa teke this electron 8pe&- Emit %he mzhera-mum's field in 

W i c  ekctroxmo IMABIBW speet9a for these pmceeaes erse rehv Fn 

P l g o  15 affer GarEdre 8nd aw-0 The lmcertain &ure of -tous 

est-tea of the irsotrergic ccmpmmt mast be 

The g&Xkcbic e~~ qectx%rra  i a  xxot weU kmm8 JXmct nmemmmmts 
(l%l), a V W  ( 1 9 6 1 ) p  I ' E m u x  (1965)R and 

& i n i ~  gt d . 0  (1w) WX? a0 m-t~ Mth t b ~ t I c & .  
e & W t e  0% the fqpctmu $nmn the W o  nofse e t  ELL 
1-tt by CUne e t  eo (1s) provides infomatian for lov a r w  
m e  ~ahfch 18 ai-e witla m a~m. 



In cme.Lusion, I wish to e@bmize the fact thsrt obtained results 

in W e  new hach of &romny in the p t  few bare already reveal& 

qud,te macpectxl featwe8 of the and there 18 no doubt that thfe 

w%U contfnue to be a strow to91 to ~~ the m28asee, 

the masll par%, this article ha8 1t.a cmigh fa c&scuseiolue atfth 

M O  R c s s l  ma gporefo a&wk of & I o F o  ma mo O f t a c c ~  ma R r o  m&y 

Of Ae8S.Eo 



Fazio, G a B  &&r9 BOWo and Wll@, J o P e  : 1965 p4vae Rev .  mters s;bmittedo 

hyin, JOB* J~UW, JoV.3 w9 C.O., ~ o r t q  LAO and W-B, TO co : 
1964 PhyDics Letters 10, 176. 
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TABLE 

Calculated physical  parameters of SCO X - 1  f o r  various assumed 

processes and distances. 

R (distance 1.y. ) 30 300 3000 3.10 
4 

i) Synchrotron rad ia t ion  ( B ~  i s  assumed t o  be 1.5 lom3 gauss) 

-9 3 ~ ~ ( 1 0 ~ ~  e. v. ) (electron density) 2. 10-13/d3 2. 10-11/d3 2.10 /d 
/c.c. 

Ne. Ee e. v./c. c. (energy density) 2/d 3 20o/d3 2.10 4 /d 3 

N E V e.v. ( t o t a l  energy) 54 10 3.0 56 10 58 
e e 

i i )  Compton e f f e c t  ( s t a r l i g h t  densi ty  i s  assumed t o  be 1 e.v./c.c.) 

7 N e (3.10 e.v.)/c.c. 60/d3 6000/d3 6.10'/~ 6.10 7 /d 3 

N E e.v./c.c. 11 3 
e e 107d3 . 10 /d d 3 / d 3  1015/d3 

N E v e.v. 6 . 1 0 ~ ~  6.10 64 
6.10 66 6.10 68 

e e 

iii) ~ o t  Plasma (T N 1 0 ~ ~ 3 0  

N e % N ~ / c . c .  4 0 / d ~ / ~  4 0 0 / d ~ / ~ .  4 0 0 o / d ~ / ~  4.10 4 /d 3/2 

Flux densi ty  Z F = 
2 *  . P " erg/cm sec. 1 - 10 kev 

Volume S V = 'TL d3 
6 

d = diameter of source i n  l e y b  



Observer Vehf c l e  '&teeter Ehergy Girservatf an 

1) Hqyakawa et a~ socket Scinti. 5 - 20 kev Tsetropic 
1965 P ( h b d a  "l 

2) Clark b&iUoon 15 /v 60 kev Tau A I t  

3 1 Qgo 

4 1 SCO-X 

5 Arnold e t  &I. Ranger I ~ H  ~ c i n t i  d 50 kev -1 Mev fsotsopf@ Q ~ p e r  
on boom a a d t )  

6)  kterson OSo-1 Compton 0.5 ../ 5 Mev Upper ~ m 3 t  o f  
Telescope f sotso-2lc 

7) Duthfe e t  al baUmn Scfnti. 7 50 Mev m p r  lidt; 6 % ) 
of df sc'eett? 

8) e y e  and m t h  '. balloon Sparkchamber N E I O  Mev Upper LXmfc o.? 
1965 1 d5.scret;e 

9). hauehmr and Expl. X36 gamma-teles- 2 1W Paev Upper Limit  of 
Clark @ O R  discrete md 

i sotropic source. 

~ ~ B ~ r e f e e n  e t  a balloon sparkchamber > h B v  Upper Limi t  of 
discrete sources- 

*per M a t  of 
> 5.10~ e.v. discrete sources. 

( Cerenkov 
l ight  1 



Fig. 2 The eb~orption of the mdiat%om in the atmq&exe, 

Altitudes aafaem the rapiiiatiw a t a d  to inCUca%ed 

me 4 The ntation of the d&ectorQs $iteU' of view aar the celestial 

-her+ . in the preceeeion fYam of ref emace. in the 

spin W e  and Zp %B the preeesefen m s .  W k  thdm 

Indicate the field of? Hew. E i t ~ ~ I ~ a d e 8  Band fe %Be reg10~1 

Wch is ecamed by the field of per revoMfm0 B e  

iRQdWion C O ~ ~ ~ .  

Fig. cp T& regiane of the, sky seaaned sinree 1964 by NRL aad L ~ S E  

are f g d i c 8 ~ t e d  by ehe U@t and. dlmk &adm msgectlvelye 

On miit of the rsg%on maschum $ntasrfty of the! source 

M c P 1  glim ee-d the detectfon f e  abaut l/p of 

t b  b t m i t y  of a x-10 diaClX3k 8OUTC63ls 

olP x-X"plOr me lrlaated by X o  

FQm 8 (llmmmd dfscrete x-ray sources in the galactic ccxxdbmte. 



CWTIOMS (cont . ) 

9 x-ra,y sources & w i t t a r i u e  0b-d by ASE-MIT, mu, 
I 

dsnd Lockheed gx=oups. (see the text). 

F Q .  .I0 Tentatiw energy spectrum of SCO X- lo  3Be spectrum i e  

still very uncertaino 

Fig. U lbergy spectrum of the Crab JXebuPeo 

Fig. 12 RehtBon of back@mmd counts end the solfd angle of detectors. 

IaxTer point of MRL wtw obtained fscaD the W e r e n c e  of counts 

when the detector was l o a k i e ~  upmmb and t m d s  the eartho 

When d and e were taken, the veto-counter was not worw 

prap@rU* 

Fig. 13 summary ofP infomation for various 8 ~ ~ p e c t e d  discrete sources 

of c d c  7-rwe. Theoretically expected curves mde~ certain 

a e ~ s q t f o m  are sham. Energy spectrum for Tau A in x-ray reeon 

is shown. 

~ c c t c i l  spectra of' photons produced in the i a t e r ~ c t i c  or 

galactic space by various physfcal proceesee under @~esmptions on 

dernsitie8 of energetic elec- and protons, and protws in.the 

m e  are indicated. Stas Ught bnsf ty  fn the intergalscftic - 

space was ca%culated by Garqi~e. Resdfo metumremnts of Penziae 

and Wilson suggested a possibilfty that the univer~e ia imereed 

la a backpound black body radiation of a few de~eesKelv1.n. 
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INTERSTELLAR ABSORPTION 

Photon Energy (eV)  

104 103 lo2 10 I 10- I 

Wavelength ( 8 )  

F I G  3 



MOTION OF DETECTOR FIELD OF 
.VIEW ON THE CELESTIAL SPHERE 





RESPONSE OF PROPORTIONAL COUNTERS 
TO MONOENERGETIC X-RAYS 

0.6 0.8 1 2 3 4 5 6 .  810 20 30 40 

ENERGY (kev) 



PRINCIPLE OF MODULATION COLLIMATOR 

' AN EXAMPLE OF MODULATION 

h0 - Collimator 

4 8 12 16 2 0  24 28 32 
Degrees .. . . . / r )  



Declination 



* 0 NRL 

( Lockheed 

OBSERVED X - RAY SOURCES ON THE GALACTIC COORDINATE 

F I G  



X-RAY SOURCES NEAR SAGITTARIUS 
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SPECTRUM OF CRAB NEBULA 



Photon Energy, e.V. 
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