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ABSTRACT:

We predict far-infrared background fluxes from various cosmic

sources. These fluxes lie near the high frequency side o f the

blackbody radiation ^pectrum. These sources could account for

a significant fraction of the background radiation at frequencies

above 400 GHz which might be misinterpreted as a "comptonization"

distortion of the blackbody radiation. Particular attention is

paid to the possible contributions from external galaxies, rich

clusters of galaxies and from galactic dust emission.
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I. INTRODUCTION

The emerging field of infrared astronomy brings the promise of

throwing new light on some important ongoing problems of cosmology

and galactic and extragalactic astrophysics. Detector technology

has reached the stage where various background fluxes should be

measurable.	 We predict and discuss the origin and spectra of such

fluxes and their astrophysical implications.

II. FAR-INFRARED EMISSION FROM EXTERNAL GALAXIES

The contribution of young galaxies to the visible and infrared

background radiation was investigated by Partridge and Peebles ( 1967).

According to recent work on nucleosynthesis and the chemical evolution

of galaxies (Audouze and Tinsley 1976) and observations of chemical

abundance gradients In our Galaxy and others (Reimbert 1975), nuclei with

A>6 as well as 25% of the He have been synthesized in stars. This implies

an energy production of u Ij MeV per nucleon which we assume to have

undergone nucleosynthesis. The energy production over one Hubble time

calculated using an average visible mass density of 4 x 10-31 g/cm3 is

an order of magnitude lower than the h MeV /nucleon implied by the

nucleosynthesis argument given above. This is consistent with the

argument that data on the chemical evolution of our galaxy requires

a generation of massive stars occurring at a redshift z near zmax

(the maximum redshift at which galaxies existed) corresponding to

an epoch when most of the elements with A>6 were produced. Partridge

and Peebles (1967) therefore assumed strong time evolution of galaxy

luminosity with most of the energy production occurring in early

generations of massive stars which radiate mainly in the ultraviolet.

We want here to reconsider this "ultraviolet" hypothesis. Recent
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theoretical and observational work on the far-infrared diffuse galactic

emission (Ryter and Puget 1976, Rouan, et al. 1976, Serra, Puget and

Ryter 1976) has indicated that the energy output in the Galaxy in the

far-infrared may be comparable to the energy output in the visible.

This may not be unreasonable since the massive molecular clouds in which

stars are formed have large visible extinction (A 
V
510). For massive

stars with a lifetime less than or equal to the lifetime of the molecular

clouds in which they are embedded, most of the energy emitted will be

absorbed by dust grains and reemitted in the infrared. A large fraction

of elements with A>6 may be in grains (Aannestad and Purcell 1973) in

which case, the optical depth in the clouds could be large even near zmax

when the heavy element abundances are an order of magnitude lower than the

standard abundances.

If LO is the present mean far-infrared luminosity of galaxies and

if we assume a luminosity evolution with redshift of the form L(z)=LO(1+z)a

and if we also restrict a and 
zmax 

by the requirement that the energy

per nucleon emitted in the infrared is near the amount generated by nucleo-

synthesis, i.e. 'f MeV/nucleon, the total energy density in the far-infrared

background from galaxies will be given by

uIR = 0.1 a-2 (1+zmax)-1 eV cm 
3	

(1)

For 13,<  zmax L 10, the energy density in the background radiation

at present will then be . (1-3)x10 2 eV cm-3.

The dust temperature which determines the position of the peak in the

source spectrum is a weak function of galaxy luminosity (T . L K, K < 0.2)

3
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At the time when most of the energy was emitted, the average

luminosity per unit mass of dust was at least an order of magnitude

greater than what it is at present in our own galaxy. We therefore

assume that the source spectrum peaks at a frequency approximately

a factor of 2 higher than at present.

The spectrum i(v) of young galaxies will then be an integral over

different dust temperatures peaking at v 9 .4000 GHz which can be approxi-

mated by two power laws corresponding to spectral indeces of 4 for

V, < vg and -2 for v > v9.

Assuming that the infrared luminosity at present is comparable to

the visible luminosity, N 0 L 
0
	 2.2x10 10 solar luminosity units (.ra) per

PC  (Allen 1973) where N0 is the present number density of galaxies in the

universe at present and L 0 their mean luminosity, we consider the two extreme

cases for our model calculations:

I: a=3, z
max 2

' 1, NOL3̂ .5x10-l k pc-3

II: a=2, zmax=8.4, N0 01.8X10 
10x0 

pc-3

again restricting a and zmax so that the total energy released is 2MeV/nucleon.

The total background spectrum from galaxies is then
z

I(v)-4nH	 NO
 f 

max 
dz iCv(1+z)7 (1 + z)a-2(1 +nz) -;	 (7)

0	 0

Using equation (2), one obtains for cases I and II the spectra J v=vI(v) shown

in figure 1. Also shown in the figure is the curve III given for the case

where there is no evolution and consequently the energy per nucleon ending up

in the far infrared is must less than VeV/nucleon. These curves can be com-

pared with the sum of the three curves for galaxies, Seyferts and quasars

given by Puget, Stecker and Bredekamp (1976) 1 Curves I and II are in a

strict sense upper limits, since they assume that all of the energy from

nucleosynthesis ends up in the far-infrared.

1 These results are interestingly similar to those obtained from the models ex-

tropolated from Seyfert galaxy observations suggested by Low and Tucker (1968).

4
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III. EMISSION FROM RICH CLUSTERS

It has recently been pointed out by Pustil'nik (1975) that

rich galaxy clusters may be an important source of detectible infra-

red radiation from intracluster dust. Although there exist serious

theoretical questions about the survival of such dust and its cooling time (Silk

and Burke 1974) evidence for its existence comes from studies of its
	 w.

implied extinction through counts of galaxies behind nearby clusters

(Karachentsev and Lipovetskii 1968). Other evidence for the existence

of intracluster dust has been summarized by Schmidt (1976) and is made

more plausible	 by the detection of iron line emission at 7 keV from

intergalactic gas in Virgo, Perseus and Coma clusters. The existence

of iron in this intracluster gas implies that a significant fraction

of it came from the cluster galaxies, rather than from a primodial cosmic

medium (Mitchell, et al. 1976, Serlemitsos, et. al. 1976).

Since it now appears that the intracluster gas is radiating

thermal bremsstrahlung x-rays and is at a temperature of N10 8 K (Gull and

Northover 1976, Pariiskii 1972, Sheepmaker et al. 1976, Serlemitsos

et al. 1976), collisions of the electrons and ions in this hot plasma

with the dust grains would provide the dominant cooling mechanism for

the gas. Pustil'nik (1975), using Ostriker and Silk's (1973) estimate

of the cooling rate of the gas due to grain collision and thermal

bremsstrahlung, has obtained an estimated ratio of infrared luminosity

from grains to x-ray luminosity from bremsstrahlung L IR/Lx u 700.

The temperature of the grains is calculated by Pustil'nik (1975)

to be 30K and is insensitive to variations in the gas density, since

Tg p n1/5 for an assumed emissivity law QIR 
-v' 

In the following

calculations, we adopt Pustil'nik's values of L IP/Lx = 700 and Tg = 30K.

5
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In order to calculate the backgrourd infrared flux from all

rich clusters, we assume a value for the Hubble parameter of

Ho = 50 km s-1 Mpc -1 . Using Abell's (1976) estimate of 4000

Abell clusters within 1200 Mpc, one obtains a mean cluster density

at present of 2 x 10
-74  m 3. From Kellogg's (1974) compilation

of nearby cluster x-ray sources, we estimate a mean x-ray luminosity

per rich cluster of Lx . 2 x 1037w which converas to an infrared

luminosity per cluster of L IR = 1.4 x 1040 w, using Pustil'nik's ratio.

The resulting background flux from clusters, neglecting cosmological

effects, is then of the order of

I 4	n c L IR = 4 x 10 -9 wm 2 Sr -1 	(3)
4+

with a spectral distribution, assuming QIR 'v' of

v4
IB v	 ev/vg_l
	 (4)

with vg = kTg	 = 630 GHz
h

The peak in the non-redshifted spectral distribution occurs at

frequency

vmax = 25,10 GHz	 (6)

The spectral distributions plotted in figure T for infrared

backgrounds from various high galactic latitude sources are given in

terms of the function J  = vIv . Using this definition

J	 11.6 x 10-10 (v/\'9-)1-5	 tmt-2 sr - 1	 (r)
V, clusters	 ev/vg_l

The effect of sources at high redshifts with an evolution redshift

dependence factor (1+z) a , is determined by the relation

J	 -1 6 x 10-	 v 6 zmdz(1+a 2+c (1+stz 21	 v	 -1
V; clusters	 10 (v g) JO	)	 )	 exp[(T+z)Vg)-1}	 (7)

6



where zM is the maximum redshift at which the cluster sources exist. The

spectral function J . evaluated using equation (7) with a -3 and zm = 2 and 4

is then shown in figure 1.

IV. GALACTIC EMISSION

In comparing infrared fluxes from various extragalactic background sources,

it is important to notice that emission from dust in our galaxy at high galactic

latitudes can be quite significant. If, for example, we take for the average

column density of HI gas perpendicular to the galactic plane a value of

N = 3 x 1020 cm-2 (Falgarone and Lequeux 1973) and a grain density N g=1.4x10 73NH

(Fazio and Stecker 1976), the mean absorption in the blue is calculated to be

A
B
 = 0.17 mag, consistent with the values obtained by galaxy count studies

(Hubble 1934, Shane and Wirtanen 1954, de Vaucouleurs and Malik 1969) and that

most recently obtained by Rubin et al. (1976) of As = 0.15 + 0.03. Using the

parameters given by Fazio and Stecker (1976) with Tg	15K, one obtains the flux

estimate labeled "mean galactic high latitude dust emission" shown in figure 1.

In this calculation we assume for absorption at optical wavelengths a grain

albedo of 0.5 (Witt and Lillie 1973) and a low optical depth for the hydrogen

clouds at high latitudes. This is tantamount to assuming that we are looking

between dark clouds. This flux is much below that predicted for the dark

cloud component by Ryter and Puget (1976) and apparently supported by recent

measurements (Ronan et al. 1976, Serra, Puget and Ryter 1976). One shouli thus

avoid regions of dark clouds when making measurements of far-infrared background

fluxes. Figure 1, however, represents only a mean value for galactic dust

emission. Significant portions of the sky near the galactic poles may be almost

totally free of dust and gas (Shane and Wirtanen 1954, Heiles and Jenkins 1975)

and therefore almost free of galactic infrared emission. In any case, the galac-

tic high latitude emission should be much spottier than the extragalactic emis-

sion, which, together with spectral diffe'r'ences, should 'help in separating the two

7
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components. It should also be noted that emission from higher temperature inter-

planetary dust should dominate even far out c the ecliptic above 10 4 6Hz. An

estimate of this emission based on measurements of D. A. Briotta (thesis)

and assuming Q IR a v is shown in figure 1.

IV. DISCUSSION
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Aside from the interesting questions which studies of the extragalactic

infrared emission will help answer about the distribution and evolution of

various extragalactic objects and clusters, it is important to be aware that

such emission could complicate future searches for high frequency distortions

of the blackbody background expected from "comptonization" processes (Komponeets

1957, Zel'dovich, Ilarinov and Sunyaev 1972, Chan and Jones 1975). Such

distortions are caused by energy input followin g the recombination epoch in

big-bang cosmology and studies of them can provide valuable information about

galaxy formation processes and possible annihilation processes in Baryon symmetric

cosmologies (Stecker and Puget 1972, 1973; Ramani and Puget 1976, Aldrovandi and

D'Olival 1976). It may require a rather difficult spectral analysis to

distinguish between a true high-frequency'blackbody distal ion and emission

from sources such as distant galaxies and galaxy clusters which may apoear to

mimic such a distortion. It is also important to take note of the effect of

such background emission on the propagation of ultrahigh energy cosmic,,,ays

in intergalactic space (Stecker 1968, 1969; Puget, Stecker and Bredekamp 1976).

A crucial test of whether the diffuse background from distant clusters

exists in the detection of far-infrared radiation from one or more of the

clusters of galaxies that emit x-radation. Using the fluxes of Pustil'nik (1975)

the average x-ray core radii as reviewed by Malina et al.(1976), and assuming

that the infrared radiation comes from the core, we note that, with existing

balloon born telescopes having a beam width of 15' it should be possible to de-

8
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tect the Perseus and Coma clusters with signal-to-noise ratios of at least

10:1 using a one-second integration time. We strongly recommend that

such observations be performed, Even a negative result would be -important 	 E

in determining whether dust exists in clusters of galaxies and whether one should

expect a significant background from distant clusters on the high-frequency

side of the blackbody radiation.

With regards to the problem of observing young galaxies one should note

that they might show up more as far infrared sources then as near infrared

sources as suggested by Peebles and Partridge (1967),2

It can be seen from figure 1 that the best frequency range for observing

the extragalactic far-infrared background radiation is between 600 GHz and

104 GHz.

We wish to thank Dr. J. E. Felten and Dr. M. G. Hauser for helpful

discussions of this paper.

2This idea has also recently been discussed by Kaufman ( 1976).
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Figure Caption:

Far-infrared background fluxes from various cosmic sources as

described in the text. The curve marked "clusters (N.R.)" is the

estimate of the contribution from rich clusters, neglecting redshift

and other relativistic cosmological effects (eq. 6). The other

estimates for rich clusters are made using eq, (7) with a = 3.
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