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Summary 

We show that cosmological evolution has a pronounced effect on the 

contributions of active galactic nuclei to the diffuse x-ray back

ground. We find the dependence of such contributions on the form 

and amount of density evolution, on the deceleration parameter, and 

on the formation epoch. We..find in particular that x-ray Seyferts can 

account for all of the observed 2-10 keV background when the effects 

of evolution are considered; the required amount of evolution is inter

mediate between the evolution of quasars and no evolution. 
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I. Introduction 

Is the diffuse x-ray background, in the 2-10 keV range, due to 

unresolved, distant, discrete sources of presently known types (Silk 

1973; Schwartz and Gursky 1974 [SG]; Gursky and Schwartz 1977)? A 

renewed interest in this problem has been recently stimulated follow

ing the extensive compilations of data from the Uhuru and Ariel V 

satellites (Forraan et al. 1977; Cooke et al. 1977). Studies of 

complete samples of x-ray emitting Seyfert galaxies (Tananbaum et al. 

1977) and of x-ray clusters of galaxies (Schwartz 1977), the two major 

known components of the extragalactic x-ray sky, have indicated that 

no more than 40% of the diffuse x-ray background can be accounted for 

by these classes of discrete sources. 

In this paper we consider the possible effect of cosmological 

evolution on the contribution of active galactic nuclei to the x-ray 

background. In previous work it was usually assumed that the emissiv-

ity of extragalactic x-ray sources (per unit comoving coordinate volume) 

does not depend on epoch. While this assumption nay be correct 

for ordinary galaxies and for clusters of galaxies, it may be strongly 

violated for active galactic nuclei. It is well known that quasars 

exhibit a pronounced cosmological evolution (Schmidt 1968). If the 

quasar phenomenon is an extreme case of activity in galactic nuclei, 

then the volume density or intrinsic luminosities of other classes of 

active nuclei may also evolve in a cosmological time scale. The main 

result of the present paper is that when such a possible evolution is 

taken into account, the contribution of active nuclei - in particular 

that of Seyfert galaxies - can account for all or most of the 2-10 keV 

diffuse x-ray background. 
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The role of cosmological evolution in the context of the x-ray 

background was first pointed out by Silk (1968), who argued that the 

background can be explained by strong, ad hoc, evolutionary effects of 

normal galaxies. Setti and Woltjer (1970) used the observed background 

flux to put limits on the cosmological evolution of Seyfert galaxies, 

and remarked (Setti and Woltjer 1973) that such an evolution can in

crease their contribution to the background. Rowan-Robinson and Fabian 

(1974, 1975) used the observed background to put limits on the cosmo

logical evolution of galaxies and clusters of galaxies, and suggested 

that quasars are the likely candidates to produce the background. In 

all of these studies, no more than one Seyfert galaxy and one quasar 

were identified as x-ray sources, and the volume emissivities were 

very poorly known. 

Our basic point of view is that different classes of active galac

tic nuclei may be evolving at different rates - perhaps as strongly as 

quasars do, but possibly less than quasars - and also possibly possess 

different formation epochs (or redshift cutoffs). We make a systematic 

study of their contribution to the background, and find its dependence 

on the form and amount of evolution, on the deceleration parameter, and 

on the redshift cutoff. We make use of a recent comprehensive esti

mate of the local volume emissivity of x-ray Seyfert galaxies 

(Tananbaum et al. 1977) in discussing specifically the contribution of 

Seyferts. 

We present the calculational scheme and spec ifiy our assumptions 

in section II. The results are given in section III. A discussion 

of related topics and of future observations is presented in section 

IV. 
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II. Formalism and Assumptions 

Our notations follow partly those of SG. We denote by 1^CE} the 

contribution to the diffuse x-ray background flux made by a certain 

class of active galactic nuclei (in keV sec" cm" keV str" ), and we 

denote by B„(E,z) the x-ray emissivity per unit comoving coordinate 

volume of the same class of sources at the epoch corresponding to 

redshift z (in erg sec" Mpc" keV" ). E is the x-ray energy. In the 

standard cosmological models, IN(E) and BN(E,z) are related by 

ZF 

V E ) " 4? 
d. dV(z) (l+z)BN(E(l+z),z) U ) 

d* 4Ttd^(z) 

Here z is the epoch when these active nuclei first formed (or, alter

natively, the cutoff in the assumed form of their space distribution). 

We allow z_ to be as large as 3.5 since recent observations of high 

redshift quasars (Osmer and Smith 1977) may be consistent with the 

absence of a cutoff in the quasar distribution up to this value. Also 

V(z) is the comoving coordinate volume to redshift z, d. (z) is the 

luminosity-distance to redshift z (Weinberg 1972). We measure the 

comoving coordinate volume in the units where for small z it is equal 

to the Euclidean volume (4ir/3)(cz/H) , where H is Hubble's constant 

(50 km sec" Mpc" ). For these units 

dV , 4¥C 1 1 .2., ... 

d* Ho (l.z)5 / U 2 v L 

where q is the deceleration parameter (which we take to be between 0 

and 1). No thus find (cf. SG equ. 10.30) 

. ZF BN(E(l*2},z) 

dl (3) 
(l*z) /l»2q i 
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To estimate the effect of cosmological evolution, we make - in 

analogy with quasars - the assumption of pure density evolution 

(Schmidt 1972; but see our discussion in section IV), This means that 

the density of sources per unit comoving coordinate volume depends on 

z, but the luminosity function and average spectrum are independent of 

epoch. We parameterize the source density P(z) by (1*2) or byexpCY(l-t)) 

where t(z) is the age of the universe in units of the present 

age. For optically selected quasars and for steep-radio-spectrum 

quasars n̂ -6 or YMO (Schmidt 1977); for no evolution Y*n*0, and for 

flat-radio-spectrum quasars Ŷ nftO (Schmidt 1976). Since the evolution 

of any other particular class of active nuclei (in particular, of 

Seyferts) can be intermediate, we allow n to be between 0 and 6, y 

between.0 and 10. 

We make the simplifying assumption that the x-ray energy spectrum 

emitted by the active nuclei under consideration can be represented by 

a power law (but see our discussion in section IV). We further iden

tify the power law index a with that observed for the x-ray background 

in the 2-10 keV range, and use a =-0.5 (SG) below. 

With these approximations we have 

BN(E(l*z),z) * p(z) (l*z)
a BN(E,z=0) (4) 

and therefore 

• N 0 0 * ~m~ V 6 - 1 * 0 ' f d z pczHi+zr2+a a+2q0z)"'4 (5) 
° ;o 

The integrated flux in the 2-10 keV range, 1., is thus related to the 

local (z=0) volume emissivity in the 2-10 keV range, B„, by 

rN'4irH-BNJ(Vp(i!>'V «« 
o 

where J denotes the integral that appears in eq.(5) (for o * -0,S). 
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Note that for a (1+z) evolution, the integrand has a simple analytic 

form, and J can be easily calculated for q =0,4. Note also that eq.(5) 

is the general expression for calculating the diffuse background from 

any class of extragalactic sources that satisfy pure density evolution 

and have a power law spectrum. 

III. Results 

We present in Fig.l the numerical values of J(q ,n,zp) and 

J(q0»YiZp) for some respresentative values of q_»n and y- The volume 

emissivity §„ can be determined from observations of a complete sample 

of the class of extragalactic x-ray sources under consideration. For 

a given iL, the contribution T., to the background flux is proportional 

to J. From the results presented in Fig.l we therefore draw the 

following general conclusions: 

(1) The effects of evolution are pronounced. Within the range of para

meters considered, the contribution to the diffuse background with 

evolution can be two and a half orders of magnitude larger than with

out evolution. 

C2) The dependence on q is significant. For no evolution, there may 

be a factor of l.S difference between q * 0 and q = 1 . For a fl+z) 

^o ^o 

evolution with a given n, the contribution to the background decreases 

with increasing q , and there is a factor of 3 difference for n^6 and 

z„%3. For a e " evolution with a given y» the dependence on q is 

more complicated. Here there is a competition between the factor 

(l+2q z) ^ in the integrand, that tends to make J smaller for larger 

values of q , and the factor eY^ • that tends to make J larger 

through the implicit dependence of t(z) on qQ. For yffclO and tjfc3 there 

is a factor of 2.S difference between q *0 and Q*h, but the values of 

^o ^o 
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J for q ~ht q -1 are about equal. 

(3) The dependence on the redshift cutoff z_ is substantial. In par

ticular, it is no longer true that most of the contribution to the 

background cones from objects with z 41 (cf. SG). For a (1+z) evo

lution, J converges when z.-^for n<l.S-a=2 and formally diverges for 

n^2. For a e " evolution, J converges for all values of y. 

(4) When comparing the two forms of evolution, the value of J grows 

faster as a function of z„ at small values of z_ for the e 

evolution, and at large values of z_ for the (1+z) evolution. 

Note also that iig.l(a) can be used to evaluate J for values of a 

that are different from -0.5. For any a, J(q ,n,z_;a) = 

J(qo,n+a-0.5,z_;a«-0.S). 

Me now consider in detail x-ray eaitting Seyfert galaxies, The 

volume emissivity, in the 2-10 keV range, is presently estimated to 

be between 2.1 1038 and 4.5 1038 erg sec"1 Mpc"3 for H >50 Kn sec"1 

Mpc" (Tananbaua et al. 1977). The observed integrated background 

flux in the same range is 35 keV en" sec" str" (SG)*. From eq.(6) 

it follows that if x-ray Seyferts contribute all the diffuse back

ground in that range, then J(q ,p,z_) has to be between 2.5 and 5.3. 

These values are marked in fig.l. We thus conclude: 

(5) Within the range of parameters considered, x-ray Seyferts can 

easily account for all or most of the observed background when the 

effects of evolution are taken into consideration. 

(6) For Zp^3, the required amount of evolution (n^3, IrM) is inter

mediate between that observed for optically selected quasars (n^6, 

yMO) and no evolution. 

(7) One can significantly constrain the amount of evolution by re

quiring that the calculated background will not exceed the observed 

flux.. Values of J that are either below or between the Sicken lines 

•We use the corrected value as given by Tananbaum et al (1977). 
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in fig.i are allowed, but values above these lines are excluded. We 

thus find, e.g. that a (1 + z) evolution cannot persist beyond z M . 3 , 

and a e evolution cannot persist beyond z M).7. Therefore, the 

evolution of Seyferts cannot be as strong as that of optically selected 

quasars. 

When conclusions (6) and (7) are taken together we may find a new 

phenomenological link between galaxies and quasars. The amount of 

cosmological evolution may vary continuously from galaxies to Seyferts 

to quasars. 

IV. Discussion 

We made a number of simplifying approximations in our treatment of 

the energy spectrum. We represented the average spectrum emitted by 

active nuclei as a power law, and used for the power law index the 

value that corresponds to the observed diffuse background. We did not 

attempt to generate the observed spectrum of the background from the 

emitted spectrin]. This approach is justified since our aim was to 

estimate the effects of evolution and since a complete calculation is 

impossible at present. The average spectrum of x-ray Seyferts is not 

well known, but is marginally consistent with the spectrum of the 

background (Tananbauu et al. 1977). The evolution may be more compli

cated than the assumed form of pure density evolution. In particular, 

the average emitted spectrum may depend on epoch. (In the quasar case, 

steep-radio-spectrum quasars seem to evolve differently from flat-

radio-spectrum quasars, Schmidt 1976). While a full calculation is 

not feasible for lack of sufficient observational input, our simple 

approach is appropriate for establishing the importance of cosmologi

cal effects and for estimating their dependence on the important para

meters. 
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X-ray emission from Seyfert galaxies is consistent with t'ie limits 

on the fluctuations of the diffuse background. Tananbaum et al. (3977) 

have shown that without evolution the total number of sources is large 

enough to satisfy those observational constraints. With cosmological 

evolution of the type that we considered, the total number of sources 

to a given redshift is even larger, and at the same time the back

ground fluctuations are determined by the strongest and nearest sources 

(Rees 1973). Thus the constraints are satisfied as well with evolution. 

The contributions of other classes of galactic nuclei, in parti

cular that of quasars, to the diffuse x-ray background, may of course 

also be substantial. There is presently no reliable estimate of the 

x-ray volume emissivity of quasars. Further observations by the 

HEAO-A and HEAO-B satellites will be very important for generating 

complete x-ray samples of quasars that will enable such an estimate. 

It is also important to measure separately the volume emissivities of 

steep- and flat-radio-spectrum quasars. 

Observations of active galactic nuclei, in particular of quasars 

and Seyfert galaxies, by the HEAO satellites will yield a much better 

determination of the average emitted x-ray spectrum. With this infor

mation it will becoae possible to test whether the spectrum of the 

background can be generated with simple forms of pure density evolution. 

The cosmological evolution of Individual x-ray clusters of galax

ies can affect the contribution of cluster sources to the background. 

Cowie and Perrenod (1977) estimate an increase in the x-ray luminosity 

proportional to %(!+::) up to rU for some cluster models. For calcu

lating the diffuse background, such a luminosity evolution it equiva-



lent tn a density evolution c(2J".!*=. This evolution increases the 

contribution to the background (as compared to no evolution) by a fac

tor "4.5 for =C = 1J °y ̂ 2 f o r =,.=3, and by a maximum value of V> for 

ip-". Therefore, if the Ml*z) evolution persists beyond :=1, its 

effect on the background is significant, but the present estimate of 

the fractional contribution of clusters to the background, ^5"., would 

increase at most to only M 5 % . 
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Figure Captions 

The proportionality factor J(q ,p,zp) which determines the contribu

tion to the background for a given volume emissivity. Solid lines: 

the values of J for representative values of q , n and y. Broken 

lines: the minimum and maximum required values of J if Seyferts 

produce the background, (a) (l+z)n evolution, (b) exp(y(l-t)) 

evolution. 
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