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INTBODUCTION - 
The study of X-ray emission from normal galaxies began with the launch 

of the Einstein Observatory i n  1978. Before tha t  t i m e  only our own Galaxy 

and the Magellanic Clouds had been studied i n  any d e t a i l  (see e.g. Markert 

-- et al. 1977). 

and -200 point sources have been resolved i n  the nearest  ones. 

sources a re  now known i n  other galaxies than were known i n  our own before 

1978. It seem clear that statistical s tudies  of bright  Galactic sources, 

which r e l a t e  t o  the i r  evolution, are r e l i an t  upon the discovery of sources 

i n  many other galaxies. 

galaxies) requires a telescope system with be t t e r  than a r d n u t e  resolution 

and a sens i t i v i ty  be t t e r  than IO x tha t  of Einstin.  

Naw many galaxies of a l l  Hubble types have been detected 

More 

A substant ia l  future  increase (the Virgo c lus te r  

L i t t l e  is known of the diffuse X-ray emission from galaxies. The s o f t  

X-ray background i n  our Galaxy (Tanaka & Bleeker 1977, Fried e t  al. 1981) 

and evidence fo r  a gaseous halo (Savage 6 de Boer 1980) suggest tha t  a 

signif icant  f ract ion of the gaseous matter i n  galaxies is a t  X-ray emitt ing 

temperatures. 

shallow that the gas densi t ies  are then so low as t o  make detection diff:’-.r’t. 

Searches fo r  diffuse sources of l i ne  emission are  l ike ly  t o  be the most 

rewarding. 

by groups and cluscers of galaxies. 

is t o  be observed on a grand scale.  

-- 

Unfortunately the potential. w e l l s  of most galaxies are so 

We can study diffuse gas much be t t e r  i n  the deeper wells provided 

Here the evolution and cycling of gas 
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Finally, I would stress that the lumpiness of the Universe on large 

scales ( a  10 Mpc) can best be determined from X-ray measurements. The 

investigation of the detailed patchiness of the X-ray background should 

be an important priority for the future. 

NORMAL GALAXIES 

The various components of X-ray emission in our own Galaxy are listed 

in Table 1. 

and, below 0.25 keV, by the soft X-ray background. 

contribution is that due to stars (see e.g. lLosner -- et al. 19811, especially 

late-type low mass Population I1 stars that may constitute a large fraction 

of the stellar population. 

issue, but if the indication of an inverse correlation between X-ray emission 

and age proves to be correct 

sources. 

The emission is dominated by the bright Galactic "Bulge" sources 

The most uncertain 

Unfortunately little has been reported on this 

then they are likely to be only weak X-ray 

The point source population of a few nearby galaxies is given in Table 2 

from the work of Long -- et al. 1980, 1981, Sevard i Mitchell 1981, Van Speybroek 

et al. 1970, 1980 and Palumbo -- et al. 1981. 

of M31 and our Galaxy are in marked contrast. 

20 gaobular cluster sources in M31 have an X-ray luminosity greater than 

any in our Galaxy and why M31 has so many more 'bulge' sources. 

The X-ray luminosity functions 

Future work muSt decide why 

-- 

tong (1980) has pointed out that the X-ray dssion of * 40 g-laxies 

of all Hubble type appears to be correlated with the optical brightness of 

the galaxy. Lx !Y IOg3 - IO4 Lvis. Although the sample is small, this 

does suggest the presence of a camon factor. 

"he first possibility is the prevalence of Population I1 ('bulge'-type) 

sources. 

that globular clusters with X-ray sources fall approximately 011 this correlation. 

Since the ration of L to the stellar X-ray emission in Population I1 sources 

TWO possibilities are apparent. 

One indication that this may be correct is to be found by noting 

X 



I-- ,-,. , 

3 6 8  is  Q, 10 -lo4, only 

X-ray source, independent of Hubble type, i n  order to explain the correlation. 

'star' i n  5 10 -10 is needed t o  be a 'bulge' type 

I cannot, however, see how the extended emission from M84 (Formaa 1980) 

or from Cen A (Peigelson et el. 1981) can be eas i ly  explained by 'bulge! type 

sources, which should co l lec t  a t  the centres of galaxies. 

poss ib i l i ty  is hot gas, from stellar ma88 loss  heated by Supernova explosions. 

This cannot explain why globular c lus te rs  or the Magellanic Clounds f i t  the 

correlation. but could be a s iga i f icant ,  or dominant, f ract ion of the emission 

from unresolved galaxies. 

r iva ls  tha t  of the point sources below 5 1 keV, and a contribution of t h i s  

magnitt*de seem8 possible i n  M31 aa well (Von Speybroeck e t  al. 1979). 

The second 

Certainly the diffuse emission from our own galaxy 

Galactic coranae w i l l  be d i f f i c u l t  t o  detect  (see e.8. B r e w  1980). 
2 

The gas temperature should be :j_r%@,'k whered is the internal  velocity dis- 

persian. 

would be lo s t ;  cooler gas would cool fur ther  and collapse. 

Galactic halo observations indicate  that a 'ga lac t i r founta in '  

(Shapiro 8 Field 1976, Bregman 1980, Songaila 1981) then up t o  

cooling muat take place. 

of which w i l l  emerge as l i nes  below .\t 1 keV. 

I Thus a temperature of 1, lo6-10 1< is to  be expected. Hotter gas 

I f  the IUE 

is operating 

lMe  yr'l of 

40 

The routine detection of diffuse 

This represents .\t 10 e r g  8-l i n  s o f t  X-rays, mu~h 

emission from galaxies w i l l  probably start when substant ia l  high-galactic 

la t i tude  exposures are made with detectors and spectrometers sensi t ive a t  

0.1 - 0.2 keV. This w i l l  have implications/or gas flows i n  galaxies, the 

stellar death and b i r t h  rates and fo r  chemical enrichment. 

Much of the p a  l o s t  i n  winds an8 by s t r ipping i n  isolated galaxies 

must be trapped i n  the potent ia l  wells of c lus t e r s ,  

which appears t o  be continuing a t  the present time, and of the galaxies within 

them r e l i e s  heavily on X-ray observations. A vigorous appmach i n  the future 

should enable us t o  understand the evolution of these largest  known en t i t i e s .  

The evolution of c lus te rs ,  
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The mass dis t r ibu t ion  i n  c lus t e r s  can be determined from detai led observations 

of the surface brightness p ro f i l e  a t  two separate energies. 

that any gas motions are highly subsonic, that the gas is l ike ly  to be closely 

Maxwellian and that the emission is predominantly bremsstrahlung and line 

radiat ion then accurate solutions are possible. 

galaxy motions can unravel the expected anisotropies  i n  t h e i r  veloci ty  

dis t r ibut ion.  

Since we know 

Later comparisons with the 

The formetion of galaxies may be observed through t h e i r  X-ray emission. 

Of interest now is the gro*wth of cent ra l  galaxies i n  c lus t e r s  v ia  a cooling 

flow of in t rac lus te r  gas (Fabian it Nulsen 1977, Cowie 6 Binaey 1977). Here 

the gas from other cluster galaxies settles and presumably forms stars around 

a central  s ta t ionary galaxy. 

Perseus c lus t e r  (Fabian -- e t  a l .  1981) and is being observed i n  an increasing 

number of other c lus te rs .  

phenomena i f  a large f rac t ion  of the energy produced with the metals is 

released as X-rays (Bookbinder e t  e l .  1980; Sunyaev, Tinsley 6 Meier 1979). 

Perhaps a l so  the non-thermal a c t i v i t y  of galaxies is  a l so  inversely correlated 

with age, a s  for  stars. 

produce X-rays. Isolated extragalact ic  HI1 regions observed local ly ,  i n  

which bursts  of star formation a re  taking place, m y  give a good picture  

of the emission from a primeval galaxy. 

one a t  Lx : 0.1 Lvis with the Einstein Observatory, 

This process occurs around NGC 1275 i n  the 

Young (primeval) galaxies may be r i ch  i n  X-ray 

-- 

The diss ipat ion of chaotic motions may ind i rec t ly  

We (Stewart -- e t  al .  1981) have detected 

The ac t iv i ty  of galactic nuclei is discussed elsewhore, but does allow 

E. Boldt has pointed out t o  galaxies to  be 

me the poss ib i l i ty  that  X-ray spectral  observations can t e s t  whether Seyferts 

and quasars a re  two separate c lasses  or not. 

index of Seyferts i s  close t o  0.7, a t  least from % 3 - 100 keV, and an extra- 

polation of non-evolving Seyferts out t o  2 % 1 gives the MeV bump i n  the hard 

ident i f ied a t  large redshif ts .  

Basically, the energy spectral  
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X-ray background (see e.g. Boldt 1980). 

Seyfert8 does not evolve and predicts that many active galaxies with 

44 L 5 IO erg  s- 

2 % 1.  

otherwise they must be re la t ive ly  steep. 

This sug&ats tha t  the class of 

should be observable with spectral  indices of % 0.7 out t o  

Quasars must have a much f l a t t e r  spectrum i f  they compose the background, 

THE LUMPINESS OF THE X-RAY BACKGROUND 

The usefulness of X-ray observations i n  constraining matter f luctuat ions 

on the scale of 100 - 1000 Mpc is discussed i n  Fabian, Warwick & Pye 1978, 

Rees 1979 and Fabian 1981. L i m i t s  on 6o/p of a few percent are obtained from 

the c'irrent limit of 1 percent on excess f luctuat ions on the scale of ?, 5 degrees 

(Fabian b Bees 1978, Schwartz 1979). Hopefully these w i l l  be improved when 

the W - I  A2 analysis is complete (Shafer 1381). The observed P(D) fluctu- 

a t ions due to  unresolved sources that a r e  not ckmped provide a basic l i m i t -  

at ion.  

down t o  2, 0.01 UPU and scale of 0:s would allow a residual f luctuat ion of 

61 - 2 30 n-* percent t o  be measurable where n is the number of regions surveyed. I 

For % 100 f ie lds ,  the clumping of galaxies (and of quasars) a t  the 20 Mpc end 

of the galaxy covariance function (Peebles 1979) should begin t o  be a t ta inable  

i f  the source density is high enough. 

An imaging detector (2 - 6 keV) that enables sources t o  be eliminated 

Large-scale anisotropies i n  the X-ray background are expected due t o  the 

galactic background, our motion re la t ive  t o  and t o  shear and other e f f ec t s  on 

the X-ray background. 

where the galactic e f f ec t s  are hopefully small, and where the steepening of 

6 1  the background spectrum enhances I via  the Compton Getting e f fec t .  

The s i tua t ion  may be optianun a t  high energies (> 30 keV) 

I thank E.A. Boldt and h i s  colleagues a t  GSFC fo r  supporL and hospi ta l i ty .  
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- TABLE !. 

X-RAY EMITTING CONSTITUENTS OF OUR GALAXY 

Source type 

Early type binaries 
L~ > 5 1036 

Pop I1 binaries(?) 

Low luminosity binaries 

Galactic nucleus 

Cataclysmic variables 

0-stars 

Main sequence stars 

Halo M-dwarfs 

Supernova remnants 

Galactic (diffuse) 
background 
E < 0.25 keV 

E > 2 keV 

Number 

% IO 

% 20 

2 100 

5 
% 10 7 

% S X  10 3 

1o1O 

< loll ? ?  

% lo3 

37 6 x 10 

< 

35 5 x 10 

38 2 x 10 

< 3 ? 

1 o~~ 

nX (local) 

erg pc-3s-1 

% 

24 < 3 X l O  

% 2 X l O  28 

1 O2(j 

%or 

38 3 x 10 

39 1.5 x 10 

< 7 

5 x 10 35 

37 

36 

38 

38 

38 

< IO 

5 x 10 

2 x 10 

< 3 x  IO 

!O 



14 1 

TABLE 2. 

Galaxy 

LMC 

SMC 

M3 1 

M33 

M I 0 1  

MI00 

D M 

55 kpc 10" MQ 

9 65 kpc 1.5.10 Ma 

1 1  750 kpc 3.10 Ma 

10 750 kpc 4.10 Mo 

I 1  6 Mpc 10 Me 

15 Mpc 1Ol1 Me 

Binaries 

Pop I 

% 8  

1 + 2  

Pop I1 

20 Glob 
19 Bulgc 

1 

1 
1 
1 
j 

20 

15 

47 

$ 9  

$ 5  

$ 2  




