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SUMMARY: We investigate the influence of recent advances in research on the
gaseous content of the universe on our knowledge of star formation histories of spi-
ral galaxies. The discovery of low-redshift population of absorbers and first steps
made in understanding of the transition between high-redshift intergalactic and
low-redshift galactic population of QSO absorption systems significantly reshape
our picture of the gaseous content of the universe. It turns out that large quantities
of gas which has not been astrated or astrated only weakly are bound to galaxies at
later epochs, and present a potential reservoir of gas not only for solution of the gas
consumption puzzle in spiral disks, but also a fuel for future star formation. This
baryonic transition, although still hard to establish quantitatively, is a result of the
simple physical processes. The resulting increase in the star formation timescales
of spiral galaxies has some interesting consequences for the long-term future devel-
opment of life and intelligent observers in the galactic context. Admittedly highly
speculative, this qualitative picture may hopefully provide a motivation for detailed
numerical modelling of the physical processes involved.

1. INTRODUCTION

Before the sun and the light, and the moon,
and the stars are darkened and the clouds re-
turn after the rain.

Ecclesiastes, 12:2

Star formation histories of spiral galaxies are
dominated by the interplay between incorporation
of baryons into collapsed objects (stars, stellar rem-
nants and smaller objects, like planets or dust grains)
and return of baryons into diffuse state. The lat-
ter process can be two–fold: (i) mass return from
stars to the interstellar medium (ISM) through stel-
lar winds, planetary nebulae, novae and supernovae,

which happens at the local level; and (ii) net global
infall of baryons from outside of the disk (if any).
The latter is far more controversial, since although
the infall in the disk is visible through 21cm, optical
recombination emission or absorption against high
latitude stars, the compensating outflow is mainly
hidden, being presumably very hot, X-ray emitting
gas expelled from the disk by Galactic supernovae.
It is easy to show (Sec. 3 below) that process (i) is
insufficient to support continuous star formation for
a time period similar to the Hubble time. Therefore,
in investigation how long can the present stelliferous
epoch (Adams and Laughlin 1997) in the history of
the universe last, we have to take into account both
of these processes. The availability of fresh gas for
fueling the star formation must also be considered as
a limiting factor for the length of this epoch.
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The basic idea of the present paper is very sim-
ple: if the tendency of increase of the two-point corre-
lation function (hereafter TPCF) with cosmic time
continues, more and more intergalactic Lyα clouds
will be accreted in galactic haloes. This process can
not continue indefinitely, since the Hubble expansion
will stop it at some time in the future. If we judge
by rough analogy with the growth of primordial per-
turbations, this process of gravitationally inducing
correlation will be slow and incomplete. Still, a large
amount of baryons will be incorporated in galaxies
in the gaseous state with very low metal abundances,
which will eventually serve as a fuel for continuous
star formation. This hypothesis necessarily includes
a transitional stage in which the baryons are located
in the extended gaseous haloes of normal galaxies,
cooling and infallling toward the disk to be supported
by its angular momentum. The exciting possibility
is that these baryons are observed as the low-redshift
higher column density Lyα and metal absorption line
systems.

This process of baryonic accretion (and sub-
sequent infall) certainly has important consequence
for both the past and the future history of galaxies.
Past influences could be read from the clues offered
by chemical abundance patterns (Rana 1991). Fu-
ture influences are interesting field of speculation,
and may be of wider interest when we take into ac-
count that the future itself is defined by the advent
of intelligent observers, namely ourselves. This is the
purpose of the emerging branch of cosmology, physi-
cal eschatology which discusses final fate of the astro-
physical objects and the fate of intelligent observers
in the universe of far future. Since galaxies are the
basic building blocks of the universe, it is natural to
start any such discussion by galactic considerations.

The future of our Galaxy (and, by analogy,
that of generic L ∼ L∗ spiral galaxies) has been re-
cently considered in a number of works motivated
by the anthropic principle (see Barrow and Tipler
1986 for an encyclopedic discussion; relevant litera-
ture up to 1991 is gathered in Balashov 1991). Tipler
(1986) has discussed cosmological limits on computa-
tion, beginning his analysis with the estimate of what
could be called ”Galactic lifetime”, i.e. the timescale
on which the stellar energy of Galactic stars presents
a viable supply of energy for computational purposes
of intelligent life. This is directly dependent on len-
gth of the star formation history of a typical L∗
galaxy. Similar discussion in somewhat greater detail
was recently given by Adams and Laughlin (1997).
One unsatisfactory feature of these estimates for pe-
riod of time remaining before ”the sun and stars are
darkened” is that they essentially use the closed box
assumption, the same one which was shown to be
false by the famous G-dwarf problem (Rana 1991,
and references therein). Thus, in a sense, they pre-
sent us with a lower limit on this quantity, which we
shall call τR. In this paper, we would like to explore
the maximal value of τR, as well as what influence
various factors can play to modify these estimates.

The plan of exposition in this paper is as fol-
lows. We shall first discuss the fate of baryons seen
as Lyα absorption line systems and indications for
their transition from one physical population to an-
other, before we attack the problem from the other,
galactic side in the Sec. 3. Next necessary chains in
our line of reasoning include the observed and theo-
retical concept of the baryonic infall in the disk from
the halo (Section 5) considered on the example of
the Milky Way, and a necessary speculative discus-
sion of the rate of incorporation (Section 6) of Lyα
cloud baryons into the disk, and its subsequent re-
invigoration. Finally, last two sections are devoted
to the discussion of consequences of prolonged star
formation timescale on the galactic evolution and or-
ganization of intelligent life, anthropic considerations
and prospects for obtaining detailed numerical mod-
els of the evolution of baryons in the universe.

2. TWO Lyα CLOUD POPULATIONS AND
GALAXIES

The idea of two populations of the Lyα clouds
in its modern form was recently discussed by Boksen-
berg (1995), Fernández-Soto et al. 1996 and Ćirković
and Lanzetta (1999).1 In short, the totality of exist-
ing observational data seems to be best explained
with two distinct Lyα absorbing population: (i) ten-
uous, diffuse, intergalactic clouds showing no signifi-
cant clustering, and (ii) a strongly clustered popula-
tion (at small velocity scales) with higher median col-
umn density associated with normal galaxies. Popu-
lation (i) seems to be predominant at early epochs,
and original discussion of Sargent et al. (1980) ma-
inly applies to this type of clouds; the same is true
for models of Lyα forest as inhomogeneous IGM (e.g.
Bi and Davidsen 1997). The clustered population
(ii) dominates at low and, possibly, intermediate red-
shifts (Lanzetta et al. 1995; Chen et al. 1998). Ob-
viously, there has to be a transition between the two
populations, although, as we shall see, there is no
reason to believe that baryon in the low-redshift halo
population stays there forever as well.

The major tool for investigation of properties
of these two populations is the TPCF. It was dis-
cussed in Fernández-Soto et al. (1996) in connec-
tion with the C IV absorption as indicator of the
Lyα forest clustering. Songaila and Cowie (1996)
also discuss clustering of the Lyα forest as inferred
from the C IV measurements. The reason for this
are manyfold difficulties inherent in the direct mea-
surement of the small-scale TPCF amplitudes for the
Lyα clouds themselves. Still, this task has been per-
formed by Cristiani et al. (1997), and we review here
one of their results of relevance for physical escha-
tology (see also Crotts 1989; Ćirković and Lanzetta
1999).

1 But see also Tytler (1987) for an interesting
discussion of the population problem.
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Before we present the argument for baryonic
transition from a diffuse to a clustered form, we bri-
efly review properties of low-redshift, clustered Lyα
absorbing haloes. The spatial column density distri-
bution of neutral hydrogen around galaxies in absor-
ption-selected sample of Chen et al. (1998) can be
written as

log
(

NHI

1020 cm−2

)
= −α log

(
ρ

10 kpc

)
+

+ β log
(
LB

LB∗

)
+ γ,

(1)

where α, β and γ are constants, which are equal to
(with 1σ uncertainties) α = 5.33 ± 0.50, β = 2.19 ±
0.55, and γ = 1.09± 0.90. Such haloes extend to the
distances of

Rmax = R∗

(
LB

LB∗

)ζ

, (2)

where LB∗ is the fiducial B-band luminosity of Sc-
hechter (1976) L∗ galaxy, and fiducial gaseous ra-
dius R∗ and index ζ are constants to be determined
from observations. Lanzetta et al. (1998) give the
best-fit estimates as R∗ = 190 ± 34 h−1 kpc, and
ζ = 0.40 ± 0.09. Small value for ζ is in accordance
with the similar results for the luminosity scaling
of metal-absorbing haloes obtained by Bechtold and
Ellingson (1992) and Steidel, Dickinson and Persson
(1994); see also a nice discussion in Steidel (1993).
This is another argument in favor of the idea that
both metal-line and Lyα forest absorbers predomi-
nantly belong to the same galactic parent population
(at least at low redshift). The information contained
in Eqs. (1) and (2) presents a powerful tool for in-
vestigation of the cosmic gaseous budget.

Fig. 1. The redshift dependence of the TPCF am-
plitude in the first two (v ≤ 200 km s−1) velocity
bins in the data of Cristiani et al. (1997) and Ulmer
(1996).

In Fig. 1, we show the redshift dependence of
the average TPCF amplitude in the first two (v ≤
200 km s−1) velocity bins of Cristiani et al. (1997).
With zmed we denote the median redshift in each
of the three redshift bins of Cristiani et al. (1997),
which are represented by solid circles. A triangu-
lar point represents the result of Ulmer (1996) low-z
analysis. It is not exactly comparable to the other
points, since it represents clustering at velocity scales
250 ≤ v ≤ 500 km s−1, but we include it since it can
be understood as the lower limit for the true clus-
tering at v < 250 km s−1. The trend of decreasing
TPCF amplitudes with increasing redshift in Cris-
tiani et al. (1997) sample is not noticed at v > 200
km s−1, which can be accounted for, since only very
weak clustering is expected above some maximum
velocity dispersion σmax, which value is set by the
physics of extended gaseous haloes.

This is certainly to be expected from the as-
sociation with galaxies, since we confidently know
that correlation of galaxies was smaller in the past.
Since large galaxy surveys of our time have become
available, such investigations were performed sev-
eral times (Infante and Pritchet 1992; Bernstein et
al. 1994) with clear result: amplitude of the small-
scale clustering increased by a factor of ∼ 2 from
the z = 0.3 epoch to the present epoch (z < 0.1).
It should be emphasized that the obstacles in pre-
cise quantification of this effect are enormous, and
are discussed in detail in Bernstein et al. (1994).
Also, but less significantly, the theoretical work on
N-body simulations (e.g. Yoshii, Peterson and Taka-
hara 1993) came to the same conclusion about the
general trend of the galaxy TPCF evolution. Thus,
increased clustering of the Lyα absorbers may be
better understood in framework of the same phys-
ical processes which govern the evolution of cluster-
ing of normal galaxies. In this manner, as the cosmic
time passes, more and more diffuse baryons become
associated with galaxies. Observational discussion
of these halo baryons in the local universe is given
by Dahlem (1997). We shall return to the rate of
this incorporation of baryons, but let us before try
to answer the question of their fate after they are
incorporated in a galaxy.

In the adiabatic halo models of Mo (1994) and
Mo and Miralda-Escudé (1996), the hot (T ∼ 106 K)
phase remaining from the galaxy formation phase is
experiencing slow transition to the cold (T ∼ 104

K) clouds which sink in the galaxy gravitational po-
tential until they eventually coalesce with the disk,
and subsequently are supported by the angular mo-
mentum. Originally, this models considers only ef-
fects of mergers, and the resulting reheating of the
halo gas. The natural extension of this model in-
cludes the mass accretion both in galactic mergers,
and accretion of the IGM clouds (and, on really long
timescales, the accretion of the ambiental IGM it-
self).

81



M.M. ĆIRKOVIĆ

3. GAS CONSUMPTION PROBLEM

It is clear that accretion of baryons by galaxies
should leave traces in the galactic structure and star
formation history as well. We may identify these
traces by investigation of Galactic chemical evolu-
tion, or by looking for the signs of evolutionary cha-
nges in galactic properties. The timescale of such
changes should give us some hold on the character-
istic timescales of star formation histories.

To the best of present knowledge (Mezger
1988; Young 1988), the star formation rate (here-
after SFR) in the Milky Way today is

ψ0 ∼ 5.1 M� yr−1. (3)

On the other hand, the return fraction of gas to the
galactic ISM through mass-loss and supernovae, in-
tegrated over the classical Miller-Scalo (Miller and
Scalo 1979) IMF is r = 0.42. This value gives the
lockup rate (i.e. the rate at which ISM transformed
into stars is permanently locked up in low mass and
dead stars) as

dMstar

dt
= (1 − r)ψ(t) ∼ 3.0 M� yr−1. (4)

As the Galaxy is ∼ 1010 years old, it should have
used up ∼ 3 × 1010 M� of interstellar gas during
its history. Today’s gaseous content of the galac-
tic disk is estimated to several times 109 M�. It is
obvious that the present gas supply is going to be
exhausted on the timescale short compared to the
lifetime of the galaxy, as first pointed out by Tinsley
and Danly (1980) and Larson et al. (1980). This
is the (in)famous gas consumption problem in spi-
ral disks. The average time scale for consuming all
of the disk gas supply in the sample of Larson et
al. (1980) is about 4 Gyr, in contradiction with the
absence of significant evolution in the SFR on this
scale (see also Tinsley 1980). For newer treatment
which somewhat decreases the discrepancy, see Ken-
nicutt, Tamblyn and Congdon (1995). If we wish to
avoid resorting to an anthropic explanation (Barrow
and Tipler 1986), it is necessary to invoke the exis-
tence of a reservoir for replenishing the disk gas sup-
ply. Larson et al. (1980) first postulated such fresh
gas infall and estimated the relevant infall rates.

As far as the exponent of the power-law IMF
is concerned, there is still no evidence of its vari-
ation (see a review by Richer and Fahlman 1998).
It seems that some sort of infall would present de-
sired solution, continuously providing fuel for on-
going star formation. An intriguing suggestion was
made by Pfenniger et al. (1994), that steady SFR in
a large, isolated spiral could be obtained in a natural
way by the gradual extension of the physical size of
the star forming disk. Extension of the optical disk
into the regions with fresh gas would account for the
exhaustion in the inner regions; since, at the same
time, outer regions are thought traditionally to be
dominated by dark matter, governing the dynamical
properties of a galaxy, this would also explain flat-
ness of the rotation curves obtained within the opti-
cal radius. In any case, this is a further suggestion

along the line of thought that a significant fraction of
the dark matter associated with galaxies is not only
baryonic, but also gaseous in nature and subject to
known physical processes, like the star formation.

The scenario exposed above gives natural sou-
rce of infalling gas, and further numerical work may
show whether the quantification of this proposition
is realistic enough. It is consequent to assume that
the gaseous halo is such a gas reservoir, rather than
diffuse IGM or satellite systems (which tend to be
gas-poor in general).

4. STAR FORMATION TIMESCALES

Characteristic timescale for the total gas ex-
haustion is in the first approximation given by
(Adams and Laughlin 1997)

τ =
Mgas

ψ0
. (5)

As we have seen above, this timescale is short in com-
parison to the Hubble time. Thus, in a billion years
from now—only a small fraction of the present age of
the Galaxy—star formation will cease in the Milky
Way. In fact, it will cease somewhat earlier, due
mainly to the existence of star formation threshold
at finite disk surface density (Kennicutt et al. 1995
and references therein). This universal bound which
we shall not discuss in detail here applies to gaseous
disks no matter how many additional processes we
add to make our picture more realistic.

When we take recycling of gas into account we
can write, as a conservative estimate,

τR =
Mgas

Ṁstar

=
Mgas

(1 − r)〈ψ(t)〉 . (6)

The increase thus obtained is a factor of 2–3 (some-
what more conservative than that proposed by
Adams and Laughlin 1997). A further step is to as-
sume that the SFR is proportional to the gas mass:

ψ(t) = pMgas(t), (7)

where is the constant of proportionality in units of
yr−1 (we may assume that other time dependencies,
like the global metallicity, etc. are incorporated in
value of p). There is some observational evidence
that this assumption is correct (Gavazzi and Scodeg-
gio 1996). For this case, the timescale becomes

τR =
1

p(1 − r)
ln
M0

Mf
, (8)

where M0 is the initial quantity of gas in the galaxy,
and Mf is the final mass of the gas when the star
formation ceases. The question of the final mass is
intimately connected with the problem of star forma-
tion thresholds, and will not be considered here. We
only mention that, following the example of Adams
and Laughlin (1997), we can obtain absolute up-
per limit to this timescale by extreme requirement
Mf ∼ 1 M�.
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If we now postulate gaseous infall character-
ized, over the period of time ti by the infall rate I(t)
(in units of M� yr−1), simple reasoning gives us the
gaseous mass of the galaxy at any time t before the
infall ceases (t ≤ ti) as

Mgas(t) = e−p(1−r)t


M0 +

t∫
0

I(t)ea(1−r)tdt


 . (9)

It is impossible to give a specific prediction for I(t)
without a comprehensive model of galactic gaseous
haloes which has not been yet devised, so we shall
have to discuss only a simplest case. For a constant
infall rate I(t) ≡ I (t ≤ ti), and I(t) ≡ 0 (t > ti),
the resulting timescale is given as

τR = ti +
1

p(1 − r)
ln

[
M0e

−p(1−r)ti + I
p(1−r)

Mf

]
.

(10)
This is valid under the assumption that the infall rate
is larger than the lock-up rate, I > (1−r)ψ(t), which
is probable (as we shall see in the next section). The
scale ti is determined by the halo gas depletion. If
we denote gaseous halo mass withMg

halo, the simplest
estimate for this parameter is

ti =
Mg

halo

I
= 1010

(
Mg

halo

1011 M�

)
I−1
10 yr, (11)

where I10 ≡ I/(10 M� yr). Of course, the quantity
Mg

halo should be understood not as the quantity of
gas currently present in the halo, but rather as the
amount of gas ever to be in the halo. As we shall see
below, this quantity can be limited from above by
assuming the maximal incorporation of IGM clouds
into galaxies in the far future. In more realistic
calculations, which will be done in continuation of
the present work, more realistic assumption of the
monotonously decreasing infall rate will be consid-
ered, since the cooling process becomes very inef-
ficient at low densities, and evacuation of the hot
phase necessary leaves densities ∼ 10−4 cm−3.

5. OBSERVED BARYONIC INFALL

Observational indications for the present-day
baryonic infall are strong. The infall rate Ṁ , when
integrated over all infall velocities, and generalized
from the existing observations, is quite large (de Boer
and Savage 1984; Savage 1995):

Ṁ ∼ 46fi

(
Rd

10 kpc

)2

M� yr−1, (12)

where fi is the fraction of the galactic disk over which
the inflow occurs, and Rd is the radius of the galactic
disk. Since Rd is between 10 and 30 kpc (and prob-
ably closer to the latter value), the net infall rate is
∼ 2×102 fi. It is certainly much larger than lock-up

rate, except if the fi is very small, on the order of
∼ 10−2. In that case, we run into ”anthropic” trou-
bles, since if the fraction of disk covered by inflow is
so small, its very observation is highly improbable.
It is, therefore, highly probable that inflow is par-
tially compensated by large-scale outflow from the
disk, as envisaged in various galactic fountain models
(Shapiro and Field 1976; Corbelli and Salpeter 1988;
Benjamin and Danly 1997). Unfortunately, observa-
tional evidence for such a large outflow is currently
lacking. As far as such situation persists, inflow of
the magnitude similar to one in Eq. (12) will cause
an increase in the integrated disk mass of

Ω̇ = 5.2 × 10−3f

( 〈Rd〉
10 kpc

)2

h Gyr−1, (13)

where 〈Rd〉 is the average value of Rd taken over
the Schechter luminosity function. Parameters of the
Schechter function used for mass integration are cho-
sen to be (Willmer 1997) ϕ∗ = 2.5× 10−2 h3 Mpc−3,
and γ = 1.27. Just for comparison, the total cosmo-
logical density in visible baryons is only (Persic and
Salucci 1992):

Ωvis ≈ 2.2 × 10−3 + 6.1 × 10−4 h−1.3. (14)

From Eq. (13), we see that the numerical value of
uncompensated inflow is between values of Ω̇max =
3.7 × 10−2 Gyr−1 (〈Rd〉 = 30 kpc, f = 1, h = 0.8)
and Ω̇min = 1.25 × 10−4 Gyr−1 (〈Rd〉 = 10 kpc,
f = 0.1, h = 0.5). It should be added that baryonic
infall can help solve many different problems in as-
trophysics, particularly those with the baryonic dark
matter (Carr 1994), faint galaxy counts (Phillipps
1993) or the galactic chemical evolution (Rana 1991),
where the infamous G-dwarf problem invariably pla-
gues all evolutionary models without infall. Infall
models have been discussed since the early works of
Sciama (1972) and Cox and Smith (1976). They are
related, although should not be identified, with the
models of protogalactic baryonic infall (e.g. Blumen-
thal et al. 1986).

6. RATE OF INCORPORATION

If we take a conservative viewpoint and insist
that the presence of galactic absorption in even a
fraction of the high-redshift Lyα absorption lines is
unfounded, then the change in physical properties
(notably mass) indicated by the changes (seemingly
small) in the column density distribution function
when we go from higher to lower redshifts. On the
other hand, if we relax our assumptions and allow
for early-formed gaseous haloes to represent a non-
negligible fraction of the high-z Lyα absorbing pop-
ulation then the fascinating constancy of the param-
eters of the column density distribution (e.g. Kim et
al. 1997) testifies on the (yet unknown) halo physics
which determines sizes and densities of clouds.
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In any case, we envisage the slow transition ex-
pressible in terms of the cosmological density fraction
of a component i (Ωi ≡ ρi/ρcrit = 8πGρi/(3H2

0 )) as

aΩLyα → Ωgg, (15)

followed by
bΩgg → Ωstars. (16)

Here, Ωgg is the cosmological density fraction con-
tained in the galactic gas, and Ωstars is the density in
stars; a and b are fractions of the total mass undergo-
ing transitions, 0 ≤ a, b ≤ 1 and they are presumably
functions of redshift and maybe some subtler param-
eters (like the morphological galactic type). The pa-
rameter a can, in principle, be determined from the
temporal changes in clustering of Lyα clouds; i.e. the
improved graph similar to the one in Fig. 1 should
show not only the rate of baryonic incorporation, but
also the asymptotic value of the fraction of absorbing
clouds which will ever be clustered on the intragalac-
tic velocity scales. Further research will be needed in
this direction, since a fraction of gas may be bound to
mini-haloes which is possible to account for (Chiba
and Nath 1997). Such mini-halo gas may or may not
ever be available for star formation; this is dependent
on the same question of star formation threshols as
is the parameter Mf in the discussion above.

The parameter b deals only with intragalac-
tic physics and should be much easier to model. On
very long timescales, except for the same threshold
effects, b should approach unity, but the exact man-
ner of its time-dependence requires better knowledge
of the baryonic infall and its long-term effects on the
galactic dynamics.

However, it is possible to limit the amount of
gas which could, under the ideal circumstances and
irrespectively of any models be used for star forma-
tion. The cosmological density in Lyα forest has
been estimated by Weinberg et al. (1997) as

ΩLyα = 0.02 h−
3
2 . (17)

Corresponding gaseous mass per L∗ galaxy is M ∼
1.8×1011 h−

5
2 M�. This represents the absolute up-

per limit to the baryon density which could be subse-
quently incorporated in galaxies. Although it is only
an upper limit, it is interesting to calculate for how
long can the star formation timescale be extended
by this maximal infall. By using the approximate
relations of the Sec. 4, we obtain

ti = 1.8 × 1010 h−
5
2 I−1

10 yr. (18)

For h = 0.5, the resulting timescale is close to

τR = 109 (102 I−1
10 + 83.7 + 3.45 ln I10) yr. (19)

This is valid under the assumption (discussed above)
of p(1− r) = (3.45× 109 yr)−1 and Mf = 1 M�. We
see that τR is smaller than about (2−3)×1011 yrs. If
we use the maximal value of the range for τ in Eq. (5)
in the Kennicutt et al. (1995) sample, this timescale
is increased by a factor of ∼ 5, thus obtaining the
value of τR ∼ 1012 yrs. This is in accordance with
the results of Tipler (1986) and Adams and Laughlin

(1997), essentially confirming the conclusions that
the average duration of the stelliferous era is about
1000 Gyr, we living at the very beginning of it.

7. DISCUSSION: FATE OF INTELLIGENT
BEINGS

The gas consumption problem is, therefore,
another instance in which we may regard present
state of the universe as somewhat ”special”. In order
to avoid special initial conditions and fine-tuning of
the parameters, we may choose to regard the present
rate of star formation and consumption of interstel-
lar matter in the Milky Way as natural consequence
of large-scale processes to which our presence as ob-
servers is incidental (à la Dirac), or to view it as a
necessary requisite of the growth of complexity which
is to include intelligent observers (à la Dicke). The
latter view has the advantage of not explicitly requir-
ing any new physical mechanisms, and moreover, we
can give predictions on the course of star formation
history of our Galaxy. The attempt to make these
predictions as specific as possible, and their compar-
ison with the models of chemodynamical evolution
starting at the ”first principles” is going to be sub-
ject of the subsequent work.

It should be emphasized that in all discussions
of physical eschatology, it is significant to consider
the fate of intelligent life, since all other lifeforms
will almost certainly be extinct on shorter timescales
by local processes (e.g. their sun’s leaving the main
sequence). Only intelligent beings could purposely
manipulate the galactic resources as long as there is
available energy. The epoch in which star formation
in a typical galaxy like the Milky Way ceases is dis-
cussed by Tipler (1986; see also Barrow and Tipler
1986) and Adams and Laughlin (1997), as the first
step in the ”ladder of calamities” through which the
global entropy increase is manifested, and which will
present more and more difficult obstacles to survival
and evolution of life and/or intelligent observers in
galactic context.

It should be emphasized that from the very
context of this discussion it is obvious that we do not
consider Tipler’s Final Anthropic Principle (FAP) se-
riously founded, while admitting the usefulness of the
weaker versions of the anthropic principle. On the
other hand, one is still able to search for the refu-
tation of the FAP by finding a compelling physical
reason for cessation of all intelligent life. Parenthet-
ically, it seems that one such reason can be found
in recently reported strong observational arguments
in favor of a large (ΩΛ ∼ 0.7) cosmological constant
(Perlmutter et al. 1998; Reiss et al. 1998); if they are
confirmed by new data, this would be the first proof
that the universe will necessarily become uninhab-
itable at some finite point in the future. This con-
straint, however, lies extremely far in the future, and
it is still interesting to search for constraints occur-
ing at smaller timescales, on non-cosmological scales,
like the one of a typical galaxy. As we have seen, the
classical time-scales for degradation of a prototype
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galaxy could be substantially prolonged in compar-
ison with the naive expectation (following from the
gas cunsumption problem) τ ∼ 1 Gyr. In this sense,
it becomes less plausible to attack the FAP on these
timescales.

8. PROSPECTS

Apart from putting tighter constraints on the
parameters of IGM accretion by galactic haloes and
halo gas accretion by galactic disks, we shall, in the
course of future work, investigate the consequences
of this extension of star formation timescale for in-
telligent beings and their evolution in the Galaxy.
One of the effects not taken into account here is the
presence of star formation thresholds (Kennicutt et
al. 1995), through which the stelliferous timescale is
shortened. Another is the accretion of the disk gas
by stars, the effect which is usually considered negli-
gible in astrophysical discussions, but we can not be
certain that this remains so over the vast timescales
discussed in physical eschatology.

On the other hand, the major problem re-
mains the determination of the incorporation rate
of intergalactic baryons. In a project currently in
preparation, we shall use a large sample of recent
low-z data (Jannuzi et al. 1998) to measure the
TPCF amplitudes at low redshift. This should give
us a better hold on the rate of transition from inter-
galactic to galactic regime, and hence the relevant
timescales. In a related work, we shall try to esti-
mate the rate of cooling and infall of the gas from the
halo within a specific, weakly non-adiabatic quasi-
hydrostatic model of the galactic gaseous haloes.

In any case, it seems that we could approach
the problem of future star forming histories (which
our descendants will have, hopefully, to face in the
far future) with somewhat greater optimism than it
was the case until recently.
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BUDU�NOST GALAKSIJA I SUDBINA RAZUMNOG �IVOTA

M. M. �irkovi�

Astronomska opservatorija, Volgina 7, 11160 Beograd-74, Jugoslavija

UDK 524.7–52
Prethodno saopxteǌe

Razmatra se uticaj nedavnih otkri�a ve-
zanih za gasni sadr�aj kosmosa na naxu sliku
istorijata formiraǌa zvezda u spiralnim ga-
laksijama. Otkri�e apsorpcionih sistema na
malom crvenom pomaku i prvi koraci uqiǌe-
ni u pravcu razumevaǌa tranzicije izme�u in-
tergalaktiqke populacije apsorpcionih sis-
tema na visokom crvenom pomaku i lokalne ga-
laktiqke populacije, znaqajno meǌaju nax po-
gled na koliqinu i raspodelu bariona u uni-
verzumu. Ispostavǉa se da su velike koliqi-
ne gasa koje nikada nisu bile astrirane, ili
astrirane samo u vrlo malom stepenu, u pozni-
jim epohama vezane za galaksije i predstavǉa-

ju potencijalne rezervoare gasa ne samo za re-
xavaǌe problema potroxǌe gasa u spiralnim
galaksijama, ve� i kao goriva za budu�e for-
miraǌe zvezda. Ovaj barionski prelaz, ma-
da jox uvek nedostupan kvantitativnom razma-
traǌu, predstavǉa rezultat srazmerno jedno-
stavnih fiziqkih procesa. Rezultuju�e pro-
du�eǌe vremenske skale za formiraǌe zvezda
ima neke interesantne posledice za budu�i
razvitak inteligentnih bi�a u galaktiqkom
kontekstu. Iako veoma spekulativna, ova sli-
ka mo�e motivisati detaǉno numeriqko mode-
liraǌe relevantnih fiziqkih procesa.
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