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THE DISCOVERY OF X-RAY BINARY SYSTEMS
EXISTENCE OF BINARY STELL AR SYSTEMS CONTAINING A NEUTRON STAROR
ABLACKHOLE
EXISTENCE OF BLACK HOLES OF STELLAR MASS

MEASURE OF THE MASS, RADIUS, MOMENT OF INERTIA AND EQUATION OF
STATE FOR NEUTRON STARS (DENSITY 10" GR/ICM)

ANEW SOURCE OF ENERGY DUE TO GRAVITATIONAL INFALL (100 TIMES
MORE EFFICIENT PER NUCLEON THAN FUSION)

A MODEFL (GENERALLY ACCEPTED) FOR THE NUCLEUS OF ACTIVE GALAXIES AND
QUASARS
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THE DISCOVERY OF X-RAY EMISSION FROM
CLUSTERS OF GALAXIES

EXISTENCE OF GAS
T=10"-10°K
Lx=10*-10* ERG S
DENISITY 102 -107° CcM™
MASS IN GAS ~ MASS IN GALAXIES

STRUCTURE AND DISTRIBUTION OF MASS IN CLUSTERS

MANY CLUSTERS NOW FORMING - SUBSTRUCTURES = A YOUNG UNIVERSE
TRACERS OF LARGE SCALE STRUCTURE

FORMATION, EVOLUTION AND DYNAMIC DEVELOPMENT OF CLUSTERS;
SPECTRUM OF INITIAL FLUCTUATIONS; CHEMICAL EVOLUTION

Ho THROUGH SUNAYEV-ZELDOVICH EFFECT

(INVERSE COMPTON ON 3K RADIATION)
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FOCUSSING X-RAY TELESCOPE

PARABOLOID
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X-RAY TELESCOPE

13



So54 Sky Lab mirror
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Solar results




Einstein Observatory HEAO-B (schematic)
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CELESTIAL OBJECTS OBSERVED WITH EINSTEIN

AURORA ON JUPITER

X- RAY EMISSION FROM ALL TYPES OF MAIN SEQUENCE STARS
NOVAS AND SUPERNOVAS

PULSARS

BINARY X-RAY SOURCES AND SUPERNOVAS IN EXTERNAL GALAXIES
NORMAL GALAXIES

NUCLEI OF ACTIVE GALAXIES

QUASARS

GROUPS AND CLUSTERS OF GALAXIES

SOURCES OF THE EXTRAGALACTIC X-RAY BACKGROUND
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‘Chandra X-ray Observatory




Crab Nebula







100000

10000

1000

100

10

1

N(>S) deg”

0.1

0.01

1E-3

1E-4

1E-5

|ncrease 1N sengitivit

B I B B B b B By BB B B
3
Chandra ROSAT E
3
3
Einstein E
1
‘-, ignj:aalat;tin:: ; '
O
Uhuru ® @
s

poowonnl v ovenpnd v oveepel vl s vvemd s sl e
1E-16 1E-14 1E-12 1E-10 1E-8

0.5-2 keV Flux (ergcm™ s™)

28



15|~ 537112627-27.858486| (33 LBSDI0-27.695834
- % DG‘G o ! g ™

| %Mi@}j{@

/_/';3.111519-&%? 95094]
A e »

_ o |

> : :ﬂ 5 ol a5
i ':::} .-"- = - ‘::} r_‘?(:} ! : T i
& 55?113453-25135%1 “§3712D1 7407 798896
4 ] % Y%
- S = = : 5! a
el e
7 :-'i i
=T & LA 5 :
i o Skt

450191 67.865437 3 27, : | 531244041027 851643
et ne

- Q R 3 ¥
- O
T B e

; o] X
FH o ; C} ﬂ o #
53124491 : y53.124801.27.881 93
i e ] L= Fi b

! G

(L"').U

4

ﬁ-.:
33,

125265

TJ_ o]




Fx_tot (erg/cmi ss)

19*13

10-14

10-15

1016

I TTTTIT]

I

T TITTT

i 1l L g el i1 a sl

1IIII1[

15

30



©“ B B &

THE X-RAY BACKGROUND (.5—10 KEV)

>95% XRB DUE TO SOURCES
XRB SPECTRUM = ? SPECTRA OF SOURCES
SPECTRUM EVOLUTION

SOURCES: AGNTYPEI (L=10* -10° H~0.5)
AGN TYPE II (L=10" -10* H>0.0)
GALAXIES L<10¥ H~-1)
CLUSTERS OF GALAXIES
UNIDENTIFIED ~10%

SOURCE DENSITY 3000/SQ DEGREE
(10° ALL SKY) AT S=5X10" ERG CM? SEC"
HIGHEST DENSITY AGN’S (BH’S)

1/3 OF SOURCE IN CDFS ARE IN SHEETS Z=0.67, 0.73
(LOW SIGMA) Z.=1.04, 1.62 AND 2.57

DEEP SURVEYS STUDY EVOLUTION OF GALAXIES — AGN’S -
CLUSTERS OF GALAXIES & LARGE STRUCTURES
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