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Uhuru X-ray map

X-ray sources from the Fourth Uhuru Catalog displayed in galactic
coordinates. The size of the symbol representing a source is
proportional to the logarithm of the peak source intensity. The 339 X-
ray sources observed with the UHURU (SAS-A) X-ray observatory
are displayed. (Adapted from Forman, W. et al., Ap. J. Suppl., 38,
357, 1978.)
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Crab Nebula

The observed electromagnetic spectrum of the Crab Nebula and the
Crab Pulsar. Dashed lines show corrections made for absorption and
scattering of interstellar material. (Adapted from Seward, F. O.,
Journal of the British Interplanetary Society, 31, 83, 1978.)

X-ray spectrum (0.1-100 keV):
dN
E 10 E ~2:9% exp(—ony) photonscm ™25~ 1keV ™!,
ng=3x 10*'cm~2,
X-ray luminosity (0.1—100keV):
L,=49x 103 ergs~!

Distance: 2200 pc

Diameter: 3 pc (5arcmin)

m,: 8.6

A, (absorption): 1.5

Coordinates: a=05"31"m 5= +22°
Total radiated energy: 1.8 x 1038 ergs™!
Age: 900 years (AD 1054)
Pulsar period, P(1969): 0.0331s

Rate of period increase, P:  422.69 x 10" 15gs™!.
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X-ray emission from normal galaxies

X-ray
luminosity®
Distance Radius  Total mass (2-10keV) L,/M
Galaxy (Mpc) (kpc) (10'°My) (ergs™")  (ergs™'My™?)
LMC 0.052 3.5 1.0 4x 10 4x10%
SMC 0.063 1.5 0.15 1x 10 6x 10%®
M31 0.67 8 30 3x10%  1x 1078
Our Galaxy 12 14 5x 10% 4 x 1028
X-ray emission from clusters of galaxies
Virial mass l)l(lgl?flOSity(“)
Optical T
L L t
Distance  Radius luminosity uminosity (2-10keV)
Cluster (Mpc) (Mpc) (10" L) (Mo/Lg) (ergs™1)
Perseus 97 0.44 10.0 461 1 x 1043
Coma 113 2.63 49.0 1020 5 x 1044
Centaurus 250 4 x 1043
Virgo 19 1.07 12.0 668 1.5 x 1043
X-ray emission from active galaxies
2-10 keV X-ray lumi-
flux density nosity@
Class of X-ray (10" tterg D®  (2-10keV
Object galaxy source cm~2s71) (Mpc) ergs™!)
NGC 4151 Seyfert 4U 1206+39 10 20 5 x 1042
Cen A Giant radio 4U 1322-42 20 9  2x10%?
source
3C 273 Quasar 4U 1226+02 6 950 7 x 10%°
Mg7 Radio source  4U 1228 +12 52 25 4x 10%
in cluster
NGC 1275 Peculiar Seyfert 4U 0316+41 29 110 4 x 1044
(Perseus A)  in cluster
3C 120 Radio/optical 4U 0432+05 7 190 3 x 10%
variable,
Seyfert
3C 3903 N galaxy, 4U 1847478 7 336 1x 104
compact
radio source
M82 Emission line  4U 0954+70 6 4 1x 104!
galaxy
Mkn 501 BL Lac object 4U 1651+39 5 180 2 x 10%4
@ I, = (X-ray flux)-4nD?. ® D= ;I_c (Ho=50kms™" Mpc™').

0
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3C 273

The observed electromagnetic spectrum of the quasar 3C273 (3C273 is
variable). (From Worrall, D. M. et al., Ap. J., 232, 683, 1979.)

-20 T T T
3C273
-25| T~ f o pT09 .
. \7 14
Distance: ~ for logv 10 to 18
- z=0.158; 1000 Mpc for
Y H,=50km s™! Mpc™*
T
5 m,: 12.9-12.2 AN
c M.: =272 to —27.9 \
2 -30[ A, (absorption): 0.0 \\ B
& Coordinates: o = 12h 26™ 33¢
Q (1950.0) & = 02° 19m 425 —~
N\
- X-ray spectrum (2-60 keV, June-July, 1978): \
dnv \
o = 0.016 E~'4'photonscm™2s™! keV™! \\
=35 ny <2.5 X 102! atoms cm 2 ]|
X-ray luminosity (2-10 keV, June-July, 1978): 1
L,=1x10%ergs™!
-40 I I 1
5 10 15 20

LOG v (Hz)
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Quasar X-ray luminosity

Quasar X-ray luminosity (0.5-4.5keV) versus redshift. (Courtesy
H. Tananbaum, Harvard/Smithsonian Center for Astrophysics.)
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X-ray source nomogram

Nomogram to compute log( f,/f,) for X-ray sources, where f, is the X-
ray flux density in ergcm™2s™! in the 0.3-3.5keV band and f, is the
flux density in the V band. For each object class indicated (stars:
B-F, G, K, M; normal galaxies; active galactic nuclei; BL Lac
objects) a continuous horizontal line indicates the range of log( f,/f,)
comprising 709 of the known sources in the class and a dashed line
indicates the range comprising the highest and lowest 159 of the
sources. For example, for an X-ray source with a flux density of

2x 107" ergem ™25~ ! and a V magnitude of 20, log(f,/f;) is ~0.7
and the source is most likely a BL Lac object. (From Maccacaro, T.
et al., Ap. J., 326, 680, 1988).
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Diffuse X-ray background

Energy spectrum of diffuse X-ray background. (Courtesy of
D. Schwartz, Harvard/Smithsonian Center for Astrophysics.)
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Absorption of X-rays

Photoabsorption cross-sections (UV—-X-ray) of abundant elements

Photoabsorption cross-sections of the abundant elements in the
interstellar medium as a function of wavelength. (Adapted from
Cruddace, R., Paresce, F., Bowyer, S. & Lampton, M., Ap. J., 187,

497, 1974.)
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Effective cross-section of the interstellar medium

Effective cross-section (cross-section per hydrogen atom or proton) of

the interstellar medium: —— gaseous component with normal
composition and temperature; —-— hydrogen, molecular form; ——
HII region about a B star; ——— HII region about an O star; ———

dust. (Adapted from Cruddace, R., Paresce, F., Bowyer, S. &
Lampton, M., Ap. J., 187, 497, 1974.)

{ [HHHI | ]HHHTI ]HHIIT |
A
y n

Ue(E) = §:th 0,‘(E)

n
- = relative abundance of element /
H

;. (E) = photoelectric cross-section

L oo M

8.31 x 1072
398 x 1074
1.12 x 1074
8.91x 1074
1.00 x 1074
251 x 1073
19 x10°6
3.10 x 1075
2.24 x 1075
7.59 x 1078

T R e
10° 10 10 |
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Total photoionization cross-section

Total photo-ionization cross-section per hydrogen atom [x(E/1keV)?]
in units 10722 cm? as a function of incident photon energy for a gas
having a cosmic elemental abundance. The elements responsible for
the discontinuities due to their K edges are shown. (Adapted from
Brown, R. L. & Gould, R. J., Physical Review, 01, 2252, No. 8, 1970.)

4.0 T T 1§ T ™7 171 I T T T

u B

= 3.5 01kev<E<053kev n
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= - 0.53keV <E<5keV R
Q - 0, (E) ~ 2.0 X 10"22 £-2% ¢m? (H-atom) ™! .
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Photoelectric absorption cross-section

Net photoelectric absorption cross-section per hydrogen atom as a
function of energy, scaled by (E/1keV)3. The solid line is for relative
abundances given in the table of elemental abundances below, with
all elements in the gas phase and in neutral atomic form. The dotted
line shows the effect of condensing the fraction of each element
indicated in the table into 0.3 um grains. The contributions of
hydrogen and hydrogen plus helium to the total cross-section are also
shown. (From Morrison, R. & McCammon, D., 4p. J., 270, 119,
1983. Diagram courtesy of D. McCammon.)
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Elemental abundances

Element Abundance® Fraction in grains®
H 12.00 0
He 11.00 0

C 8.65 1

N 7.96 1

O 8.87 0.25
Ne 8.14 0
Na 6.32 1
Mg 7.60 1

Al 6.49 1

Si 7.57 1

S 7.28 1

Cl 5.28 1
Ar 6.58 0
Ca 6.35 1
Cr 5.69 1
Fe 7.52 1
Ni 6.26 1

@ Log,, abundance relative to hydrogen = 12.00. All values except helium are
from Anders and Ebihara, 1982.

® Fraction of atoms of each element assumed depleted from gas phase and
condensed into grains of average thickness 2.1 x 10'8 atoms cm~?2 for case
shown as dotted line in the diagram.

Coefficients of analytic fit to cross-section

Energy range (keV) Co ¢y c,
0.030-0.100@ 17.3 608.1 —-2150
0.100-0.284 34.6 267.9 —476.1
0.284-0.400 78.1 18.8 43
0.400-0.532 714 66.8 -514
0.532-0.707 95.5 145.8 —-61.1
0.707-0.867 308.9 —380.6 294.0
0.867-1.303 120.6 169.3 —47.7
1.303-1.840 141.3 146.8 —-31.5
1.840-2.471 202.7 104.7 —17.0
2.471-3.210 3427 18.7 0.0
3.210-4.038 352.2 18.7 ' 0.0
4.038-7.111 4339 —24 0.75
7.111-8.331 629.0 30.9 0.0
8.331-10.000 701.2 25.2 0.0
Note: cross-section per hydrogen atom = (¢, + ¢, E + ¢c,E?)E™3 x 10~ 2*cm? (E
in keV).
@ Break introduced to allow adequate fit with quadratic: no absorption edge at
0.1keV.

(From Morrison, R. & McCammon, D., op. cit.)
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Attenuation of photons in the atmosphere

Attenuation of photons in the 1972 COSPAR International Reference
Atmosphere with 1/e absorption length plotted as a function of energy
and altitude or atmospheric depth.
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Photoelectric absorption in the interstellar medium

Photoelectric absorption in the interstellar medium. The vertical axis
gives the column density in units of hydrogen atoms cm™? at which

the absorption is 1/e at the photon energy E,. (For a hydrogen atom
number density of 1/cm?®. 1kpc is equivalent to a column density of

3.1 x 10?! hydrogen atoms cm ™ 2.)
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An incomplete list of astrophysically important X-ray spectral features

Energy Energy
Identification (keV)T Identification (keV)T
Ne VII 0.127 N VII 0.500
Si XI 0.283 O 1K edge 0.532
C1IK edge 0.284 O VIl 0.569
Si XII 0.303 oVvil 0.574
CV 0.308 O VIII 0.654
N I K edge 0.402 O VII 0.666
NVl 0.431 O VIl 0.698
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continued

Energy Energy
Identification (keV)t Identification (keV)t
Fe I LIII edge 0.707 Si XIIT 1.86
Fe I LII edge 0.721 S I K edge 2.472
Fe XVII 0.826 Ar I K edge 3.203
Ne I K edge 0.867 Fel Ko, 6.391
Ne IX 0915 Fel Ko, 6.404
Ne IX 0.922 Fe XXV 6.64
Fe XX 0.996 Fe XXV 6.68
Ne X 1.022 Fe XXV 6.70
Mg I K edge 1.305 Fe XXVI 6.93
Mg XI 1.340 Fel Kf 7.058
Mg XI 1.352 Fe I K edge 7.111
Si K edge 1.839

2 (A) = 12.399/E (keV).

Model X-ray spectral distributions for non-dispersive spectroscopy

f(E)=Ce BNuf(S E) photonscm ™ 2s ! keV 1,
where

C = normalization constant,

Ny = hydrogen column density to source,

o.(E) = photoelectric cross-section per hydrogen atom for absorption of
photons of energy E by interstellar medium. For E > 3 keV:
0(E)Ny =~ (E,/E)®3, where E, is a low energy cutoff parameter.

S 1s a parameter in the intrinsic spectral shape:

Thermal bremsstrahlung :

S=T, f(S,E)=g(T,E) e "*/E(kT)"?,

where g(T, E) is the temperature-averaged Gaunt factor.
Power law:

S=n, f(S,Ey=E".
Blackbody:
S=T, f(S,E)=E¥(e*™ - 1).
For optically identified sources:

Ny~ (222403)x 1014, cm~2t

A,=3.0E;_y (color excess).

+ (Gorenstein, P., Ap. J., 198, 40, 1975.)
a5
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Plasma emission — power in lines

The power in lines radiated in various wavelength bands as a function
of temperature for a low density plasma. Elemental abundances
characteristic of the solar corona have been assumed. The power
radiated in Bremsstrahlung (B) and radiative recombination (R) is also
shown. (Adapted from Kato, T., Ap. J. Suppl., 30, 397, 1976.)
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