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(Received January 26, 1993) 

We analyze some effects of axion decay on the background radiation. It is suggested that, in the 
mass range from 1 to 5 eV, the chances of detecting the axions astrophysically are higher than in 
other mass ranges; such a detection could lead to the resolution of the coiit,radictory resu1t.s given 
by the RELIKT and COBE experiments concerning the percentage of CDM in the Univeise. 

KEY WORDS Background radiation, tully groups of galaxies; axion decay 

INTRODUCTION 

Recent observations of the anisotropies of the Microwave Background Radiation 
(MBR) have shown a quadrupole moment of about 10-6-10-5 (Strukov e l  al., 
1992a,b; Smoot et al . ,  1992; Wright, 1992; Bennett e2 al . ,  1992). This is estrcmely 
important to  determine several characteristics of the early and the present-day 
Universe. One of these aspects is the fraction of the cold and hot dark matter. Two 
groups, one Russian, RELIKT, and the other American, COBE, have measured the 
anisotropies, but they give contradictory results regarding the quantity of the cold 
and hot dark matter present in the Universe. The percentage of the Cold Dark 
Matter (CDM) varies from 80% (COBE) to 20% (RELIKT). 

One possible way to explain the CDM involves axions. These particles are 
supposed to solve the strong CP-problem in quantum chromodynamics. At present, 
the mass of the axion can be found in one of two windows: from eV to 

eV or from 1 eV to 5 eV since in the other ranges, from 10-l’ eV to lo6  eV 
they have not been found (Turner, 1991). The existence of asions leads to several 
interesting astrophysical and cosmological consequences. In this paper we analyze 
some consequences of primordial axion decay. 
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1 A HOMOGENEOUS AXION DISTRIBUTION 

Here, we will consider a homogeneous distribution of axions with mass nz, and 
lifetime r, given by (Turner, 1991) 

r, = 6.8 x [31-~ s-l, 

and assume that  they decay into two photons of the same frequency, so that 

(1.2) 2 2hu = m,c . 
The decay rate a t  a given frequency is 

d n  
2 = 2n,rQ6(v - va), 
dt 

where n-, and n, a.re the photon and axion number densities, respectively, 6 ( v  - I / , )  

is Dirac’s delta function a.nd ra is equal to T;’. 

F’rom Equation (1.3), we see that the luminosity associated with the axion decay 
at redshift z is 

d L  = 2rQhv(z)6(v - v , ( z ) ) d N , ( ~ ) ,  (1.4) 
where dN, is the number of axions between z and z + dz and h is the Planck 
constant. The observed flux due to  these axions is 

where Dj is the photometric distance. If we consider a Universe with & = 1 a.nd 
P = 0, we have (Zel’dovich a.nd Novikov, 1975) 

4[2 + z - 2(1 + z)’/’](l+ z)’j2 
dNa = ~,,-,R(c/H~)~ d z ,  (1 + z)3 

v0 va(z )  = - 
1 + z ’  

where n,o is the zero-redshift number density of axions, R is the solid angle and Ho 
is the Hubble constant (taken as  75 km/s Mpc). 

So, after some calculation we find that 

From Table 1 we see that the first window coincides with the MBR observational 
window. So, if axions have their mass at  some point in the first window, we should 
expect some deviation from the blackbody spectrum in the MBR. Thus, we compare 
Frel to  Fa(MBR) (both fluxes/Hz). 
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Table 1. Characteristics of the axion decay as functions of its mass. 

m ( e V )  YH. 70. r a H I  

1.2 x 108 7.1 x 1054 1.4 x 
10-~ 0.25 1.2 x loll 7.1 x lo3* 1.4 x 
1 2.5 x lo-‘ 1.2 x 10“ 7.1 x loz4 1.4 x 
5 5 x 10-5 6.1 x 1014 2.3 x io2* 4.4 x 10-22 

10-6 250 

We assude that axions are the only component of the CDM, i.e., 

3H: - 2h~onao 
paxion = P- - - 8aG c2 . 

The coefficient p can be directly taken from observations a,nd its claimed esti- 
mates are: 

/3 M 0.8 - COBE experiment, 
p M 0.2 - RELIKT experiment. 

Substituting Equation (1.8) into Equation (1.7) and adopting 

ra = 1.4 x 10-~~(x;~;) s-l 

where Ic is the Boltzman constant, we obtain 

(1.10) 

(1.11) 

2 AXIONS AND THE TULLY GROUPS 

There is another way to look at axions. Instead of calculating the whole flux on the 
sky we can look for small scale fluctuations in the axion deca.y emission assuming 
that the axion distribution is not homogeneous. 

Let the axions to  be “trapped” by big potential wells in the Universe and the 
sources be distributed homogeneously and isotropically (on average) in agreement 
with the Poisson distribution. The average density of the sources is no and the 
luminosity due to the axion decay is L. The observable magnitude in this case is 
the flux per solid angle 0. In order to calculate F and its variance, we can divide 
the line-of-sight distance into intervals. Consider that the Cth interval is located 
between z; and zi  + dz. Therefore, the line-of-sight flux is given by 
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where ni is the number of the sources in the solid angle R for the t t h  interval. As 
the volume element is given by 

where 

so the ensemble average is given by 

(n i )  = TZ~R(C/H,,)~<Z? d z .  (2.3) 

Summation with respect to i and ensemble averaging are commuting operations. 
So the average flux from a solid angle R can be obtained as 

In order to calculate the dispersion of the flux, we use the following simple idea: in 
a Poisson process, the correlation properties of the members chosen at different po- 
sitions in space are described by the correlation function of the Poisson distribution, 
i.e., they vanish. Because of that,  the “crossed” terms in 

(2.5) 

for different radial interva.ls, or i n  different directions do not correla.te a.nd they 
vanish when they are a.vera.ged with respect to the ensemble. We have 

Since, for a Poisson distribution, 

((ni - (ni))’) = ( n i ) ,  (2.7) 

we obtain, taking into account Equation ( 1 . G )  and taking the minimal z where we 
find a Tully Group as 5 x 

where LO is the luminosity of an individual source due to  the axion decay. 
In order to  estimate LO, we can consider the case of a homogeneous asion dis- 

tribution for a small radius ( z  << 1) and divide it by the number of sources, so 
that 

(2.9) 
Ltotal - rahvo H,2P eLx = Lo, ~ --- - 

Nsources m a  G Nsources 
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where ma is the axion mass. We analyze the sources like groups of galaxies and take 
the data from Tully’s Catalog of Nearby Galaxies (Tully, 1987). In this case, we have 
the radius of about 25 Mpc, so that the group number density is 2.6 x ~ m - ~ .  
Then the luminosity of one Tully Group Lo is 

Lo = 4.8 x 1025pX;c~ e rg s-‘. (2.10) 

Therefore, substituting Equation (2.10) into Equation (2.8) and using Equation 
(1.6), we obtain 

6F x 1.6 x 10-26/3R’/2A~c~ erg cm-’s-l, (2.11) 

and 

(2.12) 

3 CONCLUSION 

One possible form of the CDM is axions. Their existence could be corroborated 
by measuring the perturbation/contribution which photons due to the axion decay 
would produce in the background radiation. 

In the MBR, this phenomenon could not be measured, for in Equation (1.11) we 
can see that even for X = XO, (Fa/Frel)max would be of the order of lo-”, i.e., l G  
orders of magnitude smaller than what can be measured, so that the best method 
for searching for axions in this window is the one described by Melissinos et  al. 
(1984). However, in the visible/IR range (the 2nd window), the flux due to the 
axion decay is relatively large when compared to the background flux and is given 
by 

Fa = 3.6 x 1 0 - 2 5 R p X ~ c ~  erg cm-2 s-l, 

6F x 1.6 x 10-26R’ /2pX~c~ erg cm-2 s-’. 

(3.1) 

( 3 4  

and 

These estimates have been obtained for the case of axions “trapped” by groups 
of galaxies (the Tully groups) with a Poisson distribution along distance and no 
intrinsic evolution. The observations in these wavelengths are very difficult to make 
with Earth-based instruments because of a large quantity of lines due to the emission 
of the night sky, especially a t  longer wavelengths, and they can be best clone in space 
as planned by the Russian Orbiting Space Telescope (Kurt eb d., 1992). 

A search for fluctuations in the visible/IR range seems to be the most promising 
method to test the existence (or absence) of axions and to resolve the contradictory 
results for the amount of CDM given by the RELIKT and COBE experiments. 
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