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The isothermal theories of galaxy formation encounter serious 
difficulties in accounting for the existence of large voids (see, e.g., 
Aarseth and Saslow 1982). The alternative picture of adiabatic fluctu
ations and pancake collapse (see, e.g., Doroshkevich _et_al. 1978 and 
references therein) faces difficulties due to: i) observed correlation 
functions, and ii) the absence of small-scale fluctuations in the micro
wave background. 

As far as i) is concerned, a puzzling aspect is the absence of 
any trace of the damping scale, Mn (this scale should have already 
reached a sufficient density to fragment into galaxies). All published 
results on Mn based on reliable recombination physics agree, within 60%, 
with the relation: 

MD/M© = 1012-25 (Qh2)-1-^. 

Here we discuss some results concerning ii). Let us suppose that, 
before recombination, | om(k) | 2 = |<$pm/pm|2 = Akn from a scale kj up to a 
scale kn. We shall assume A = 27r/k, and M = ( TT/6) pmA3. 

Below An fluctuations are damped because of photon diffusion 
(see, e.g., Bonometto and Lucchin 1979). From An up to Aj (Jeans length), 
fluctuations oscillate from their entry in the horizon (at ZH(A)) until 
recombination. Thence, above Aj, the amplitude of fluctuations is 
greater by a factor zjj(A)/zrec, depending upon A. 

For k < kj, therefore, A is increased by a factor 
(zH(^j)/zrec)2> while n becomes n + 4. Moreover, let the mass variance, 
after recombination, be 6M/M « Ma. If n is unchanged (for An < A < Aj) 
during recombination, it turns out that a = -n/6-1/2. Therefore, for 
n > -3, 6M/M has its maximum just above Mn. We then normalize 6m(k) by 
requiring that 6m(kn) becomes nonlinear at z ̂ 3 . For n < -3 the situa
tion is different and the most sensible normalization procedure refers 
to correlation functions. This case was treated by Silk and Wilson, who 
considered n = -3, -4, -5. They found fluctuations in the microwave 
radiation nearly independent of n and exceeding radiation observational 
limits. 

The results we present here concern the values n = 1, 0, -1. 
219 

G O. Abelland G Chincarini (eds.), Early Evolution of the Universe and Its Present Structure, 219-221. 
©J983bytheIAU. 

https://doi.org/10.1017/S0074180900039012 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900039012


220 S. A. BONOMETTO AND F. LUCCHIN 

Log10M/Mo 

Figure 2. The weight, W, of the 
different mass scales 

in determining AT/T is plotted 
for a = 1.8f and several values 
of a. 

Figure 1. The square average AT/T of the relative temperature differ
ence between two directions at angle a is plotted for a beam-

width a = 1.8f; here h = 0.75; A is normalized in order that the initial 
mass variance over the scale Mj) is ej). Values ej) ~ 10"Z,D are required. 
The dashed horizontal line yields the level corresponding to AT/T = 10_l+. 

This result is obtained by using a full kinetic treatment of 
radiation; we made an expansion of the phase space distribution into 
spherical harmonics and checked that considering 50 of them is sufficient 
down to a redshift where y-e scattering can be neglected and the evolu
tion of photon density perturbations can be treated exactly (see 
Bonometto ̂ t a^. 1982). In Figure 1 we plot the amplitude of the 
expected small-scale fluctuations of the microwave radiation which are 
compatible with observational limits and dependent on n. In fact, the 
scales from which microwave fluctuations are mostly generated widely 
exceed the normalization scale Mn (see Figure 2); a larger n (steeper 
spectrum) causes smaller microwave fluctuations. 

It has been suggested that a nonzero neutrino mass could 
result in microwave fluctuation limits that are consistent with observa
tions. Our point here is that this is not a necessary requirement. 
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Discussion 

Szalay: The formula for the damping mass assumes that the universe 
is fully dominated by baryons. If the universe contains a 

large amount of dark matter (e.g., neutrinos), the expression for the 
damping mass should be: 

M, = 3 x 1013 ,"3/2 Ql/4 h-5/2 % ^ 

as given by Bond, Efstathiou and Silk (1980, Phys. Rev. Lett., 45, 1980-
1984). If ^B < 0-1, then Mp - 10 1 5 M^, and the problem with the absence 
of a feature in the correlation function disappears. 

Bonometto: I feel that it is fairly important that all computations of 
Mj) for a baryon-dominated universe, based on different but 

acceptable approximations, arrive at results in good agreement. This is 
not directly evident from the literature, where different relations 
among k, A, M, and different values of h are used; furthermore, the 
evolution of fluctuations before decoupling is sometimes mixed up with 
transmission through decoupling. 

Certainly, the "use" of massive neutrinos helps to solve 
quite a number of problems. My main point here was that at least one of 
these problems (microwave radiation small scale fluctuations) can be 
solved without the need for massive neutrinos. 
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