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ABSTRACT 
In galaxy clusters,the mass in iron can be considered 
as directly proportional to the mass in gas. We estab
lished that the mass in gas is linked to the^otal 
cluster luminosity in visible matter as M « L ' . On 
the other side, the gas mass seems proportlonarto the 
virial mass. We propose that this virial mass is made 
of stars and/or star remnants which produced the iron 
in the past.The implications of this hypothesis is 
examined in terms of chemical evolution model of a mass 
of gas. 

1 . Introduction 

In a previous paper, Rothenflug and Arnaud (1984; here after refered to as 
RA) analysed the iron.line measurements in the spectra of galaxy clusters. They 
confirmed that the iron abundance can be considered as constant in the gas of 
galaxy clusters. With their best fit value of 0.53 solar abundance, the iron 
mass can be easily derived from the gas mass by the relation M_ * 7.5 10~ M . 

In this paper, we examined what correlation exist between this mass of gas 
and the total cluster luminosity in visible matter (section 2). The estab
lished correlation lead us to the hypothesis that the virial mass is made of 
stars and/or star remnants. We discussed in the section 3 what implications 
this hypothesis has in chemical evolution model of a mass of gas. 

2 . Gas mass and total luminosity 

Owing to the 'Einstein* observatory results, the gas mass is now estimated 
for about 70 clusters (Abramopoulos,Ku,1983;Jones,Forman,1984). When neces
sary, we corrected the published values to get the mass of gas inside a radius 
of 3 Mpc (see RA for a discussion on this point). 

The total cluster luminosity in visible matter was evaluated in some clus
ters by 0emler(l974) and Dressier (1978). All galaxy photometries were done in 
these studies to about the same limiting isophote. However the two authors did 
not use the sape radius variation for the outer parts of their clusters. Oemler 
assumed an r variation whereas Dressier took a de vaucouleurs's curve. This 
leads to very important differences in the cluster luminosities : for A 1413, 
for instance, Dressier gave a luminosity 5 times greater than Oemler. As we are 
interested in luminosities inside 3 Mpc, we reevaluated cluster luminosities 
from the original data given in both papers. 



Our sample is made of the following clusters : 

- A 194, A 400, A 539, A 1314, A 1367, A 1656, A 1904, J. 2197, 
A 2199, A 2670 from the work of 0emler(l974). 

- A 154, A 168, A 401, A 2029, A 2256 from Dressier (1978) 
- The Perseus cluster from BahcalK 1974), and A 262 from 

Giovanelli,Haynes,Chincarini(1982). 

Fig.l Correlation betweem gas 
mass and luminosities in gal
axies for galaxy clusters.( (+) 
from Oemler; (o) from Dressier; 
(x) from various sources). Dots 
represent values for groups of 
galaxies inside 0.5 Mpc ( Kriss 
et al ,1983). The dashed line 
depicts the best 'eye' fit. 

Cluster luminosity ( L.) 

The correlation between the gas mass and the total luminosity in galaxies 
is depicted on figure l. We added to our sample the values get for groups of 
galaxies by Kriss et al (1983). A very interesting relation appears between-the 
gas mass and the luminosity.In this first analysis, we derived that M « L * . 

Assuming that the M/L ratio is constant in galaxy clusters, the total 
luminosity can be taken as a good indicator of the visible mass in 
galaxies.Thus our relation would indicate that the gas mass is not directly 
proportional to the visible mass. On the contrary, RA confirmed that the gas 
mass is directly proportional to the virial mass: 

V 10 V 
As the iron abundance can be considered as constant, the same conclusions 

hold for the iron mass in the gas. In their work, RA gave the relation t 



"p.' 
*7.5 10 -5 My. 

3 . comparison with chemical evolution models. 

The most direct way to explain such a direct proportionality between the 
iron mass and the virial mass is to assume that the virial mass is made of stars 
and/or star remnnants which produced the iron in the past by 
nucleosynthesis (see for instance White, Rees,l978). In this case , we can 
expect thav come relation exists between gas mass, iron mass and total mass. 

For instance,one can search what figures apply in the solar 
neighbourhood.For a gas mass fraction of about 8* (Gordon,Burton,1976) with 
respect to the total mass (Vader,de Jong, 1981), one gets M s 10 Mj. These 
figures are very similar to figures we obtained for galaxy clusters. 

One can also compare the relation obtained in clusters with those derived 
from chemical evolution models. In these models, one starts at the beginning 
with a total mass in gas in which star formation proceeds. As the gas is con
sumed in stars, it is enriched in metals by the ejected matter of stars for 
which lifetime is less than the elapsed time from the beginning (see 
Tinsley(l980) for a complete description of these types of model). The model we 
used in this paper, was established by Boulade and vigroux(l984) to explain the 
chemical evolution of halo stars and of disk stars of the solar neighbourhood. 

The following hypothesis were assumed : 

- the star formation rate r is directly proportional to the left gas 
mass r* va where <r is the gas mass fraction. This (may-be simplistic) formu
lation allows to derive a characteristic timescale for star formation. In the 
instant recycling approximation (which was not used in the present 
calculation), one can show (e.g. Tinsley,i980) that r* vexp(-t/tc) where t c • 
l/of .Here a is the mass fraction locked in stellar remnants at each star gen
eration : a~0.7 to 0.8. Our computations were made for several values of t c. 
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Fig.2. variation of the 
iron mass fraction (in the 
gas) versus the left gas 
fraction. All fractions are 
given with respect to the 
total mass of the system. 
The different curves corre
spond to different 
characteristic times t . 
The cross (X) represents 
the mean value get for gal
axy clusters. 
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-the initial mass function is *(m)dm«m dm for m M . The mass fraction of stars with m >1 M„ is fixed to 0.25 . S « 0 

greater than l 

- the iron is mainly produced by stars between 3 and 8 M . The yield 
is fixed in order to reproduce the observed metallicity distribution of stars 
in the solar neighbourhood (Boulade, Vigroux,1984). 

The results obtained with this model are depicted on fig.i. One can see 
that the representative point for galaxy clusters well agrees with our compu
tation (except may-be for extreme values of t ), that is to say that the value 
of the iron mass fraction we obtained from our computation for a left gas mass 
fraction of 10% is about the observed value in clusters of galaxies. 

This agreement brings some support to our hypothesis which assumed that 
the viriaKhidden) mass is made of stars and/or star remnants. 

REFERENCES 

Abramopoulos,F., and Ku,W.M., 1983,Ap.J. ,271, 446 
Bahcall, N.A., 1574, Ap.J., 187, 439 
Boulade, 0., and Vigroux, L., 1984,(in preparation) 
Dressier, A., 1978, Ap.J., 226, 55 
Giovanelli,R. ,Haynes,M.P. ,and Chincarini,G.L., 1982,Ap.J.,262,442 
Gordon, M.A., and Burton, W.B., 1976, Ap.J., 208, 346 
Jones,C., and Forman, W., 1984, Ap.J., 276, 38 
Kriss, G.A., Cioffi, D.F., Canizares, C.R., 1983, Ap.J., 272, 439 
Oemler, A.,Jr., 1974, Ap.J., 194, 1 
Tinsley, B.M., 1980, Fund, of Cosmic Physics, 5, 287 
Vader, J.P., and de Jong, T., 1981, AS.A, 100, 124 
White, S.D.M., and Rees, K.J., 1978, MNRAS, 183, 341 


