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ABSTRACT

We present here estimates of the average rates of accretion of neutral gas onto main-sequence galaxies and
the conversion of atomic gas to molecular gas in these galaxies at two key epochs in galaxy evolution: (1) z ~
1.3 — 1.0, towards the end of the epoch of peak star-formation activity in the Universe, and (i1) z ~ 1 — 0,
when the star-formation activity declines by an order of magnitude. We determine the net gas accretion rate
R acc and the molecular gas formation rate Ry, by combining the relations between the stellar mass and the
atomic gas mass, the molecular gas mass, and the star-formation rate (SFR) at three epochs, z = 1.3, z = 1.0,
and z = 0, with the assumption that galaxies evolve continuously on the star-forming main-sequence. We find
that, for all galaxies, R 1s far lower than the average SFR Rgpgr at z = 1.3 — 1.0; however, Ry 1s similar
to Rgrr during this interval. Conversely, both Ry and Ra .. are significantly lower than Rsrr over the later
interval, z ~= 1 —(. We find that massive main-sequence galaxies had already acquired most of their present-day
baryonic mass by z /&~ 1.3. At z /&= 1.3 — 1.0, the rapid conversion of the existing atomic gas to molecular gas
was sufficient to maintain a high average SFR, despite the low net gas accretion rate. However, at later times,
the combination of the lower net gas accretion rate and the lower molecular gas formation rate leads to a decline
in the fuel available for star-formation, and results in the observed decrease in the SFR density of the Universe
over the last 8 Gyr.
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Ly
M*,f = M*.i +/ (1 - fremrn) SFRI\-—IS(I\’I*:ﬂ dt (1)

t;
where SFRy;g(M,,%) is the main-sequence relation at the
time t, and f,.;,., is the fraction of the stellar mass returned
to the ISM via stellar winds or supernovae (f, o = 0.41
for a Chabrier IMF; Leitner & Kravisov 2011; Madau &
Dickinson 2014). We define here the average star-formation
rate Rsr between the epochs ; and £ 7, such that

M*-Jr = M*-‘i + (]- - frehf.rn) RSF-ﬂ‘tt (2)

where At = ty — 1; is the time interval between the two
epochs of interest. Measurements of the star-forming main-
sequence (e.g. Whitaker et al. 2014; Popesso et al. 2022) can
then be used to track the evolution of the stellar mass of a
main-sequence galaxy using Equation 1, and this can be com-
bined with Equation 2 to determine Rgr using the following
relation.

(M, f — M, )
(1 - fremrn)ﬂt

Next, the final molecular gas reservoir' Mugo1, of the
galaxy at time £ ; is related to the initial molecular gas reser-
voir, My, 5, at ime #; via

Mutol,f = Mator,i — Rgr At + Ry At (4)

3)

Rsr =

is dissociated to Hi. Given that the initial and final stellar
masses are known, one can use measurements of the molec-
ular gas mass as a function of stellar mass at both epochs to
determine Mpgqo1 r and Mpger; which can then be combined
with Equation 4 to obtain Rygo using the following relation.

Ruol = Rsr + (Mutol,r — Mol )/ At (5)

Finally, the neutral atomic gas mass, Maiom.r, of the
galaxy at time {; is related to the initial neutral atomic gas
mass, M ayom i, al time t; via the relation

I\"I.L\Lom,l' = LiA.LOIIl.i - R-l"«flolat + R.Acc&t (6)

where R 18 the net accretion rate of neutral atomic gas
onto the disk of the galaxy, i.e. the difference between the
neutral atomic gas inflow and outflow rates. Again, measure-
ments of My, as a function of stellar mass at the two epochs
can be used to determine Mao r @and M a1, which can
be combined with Equation 6 to obtain R .. using the fol-
lowing relation:

Race = Rmol + (Matom,f — Maom,i)/At (7)

We note that in the above formalism, the stellar mass re-
turned to the ISM is assumed to be mostly in the ionised
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Figure 1. The panels show (in blue), as a function of stellar mass, [A] the SFR (Section 2.2), [B] the molecular gas mass (Section 2.3), and
[C] the atomic gas mass (Section 2.4), for main-sequence galaxies at z =~ (), z = 1.0 and z =~ 1.3. The red curve in Panel [A] shows the

evolutionary track of a galaxy with M. = 10"% Mg at z

==

1.3. obtained using Equation 1. The corresponding evolution of the molecular gas

mass, obtained using Equations 1 and 9, is shown in Panel [B]. Finally, the red points in Panel [C] shows the atomic gas mass of the galaxy at
the three redshifts, obtained using Equation 14. Note that the M ajom — M. relation of Equation 14 is not a continuous function of redshift; the
dashed line in the panel is hence only for visual aid, showing a linear interpolation between the points. See main text for discussion.
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Figure 2. The two panels show the redshift-averaged star-formation rate (Rgp, in blue), molecular gas formation rate (R0, in orange), and net
gas accretion rate (Racc, in green) of main-sequence galaxies, as a function of the stellar mass, over [A] z = 1.3toz = 1.0,and [B] 2z = 1.0
to z = (). The shaded regions around each curve show the 68% confidence intervals. The top x-axis of panel [A] shows the initial stellar mass
of the galaxies at z = 1.3, while the bottom x-axis shows the final stellar mass, at z = 1.0. This final stellar mass at z = 1.0 is plotted as the
top x-axis of panel [B], with the bottom axis of the panel showing the final stellar mass of the galaxies at z = (). The evolution of the stellar
masses was obtained using Equation 1. Panel [A] shows that the molecular gas formation rate and star-formation rates are similar for all but
the most massive galaxies over the interval z = 1.3 to z = 1.0, but the net gas accretion rate over the same period is much lower than the other
two rates. Panel [B] shows that both the average molecular gas formation rate and the average net gas accretion rate are lower than the average
SFR for the lower-redshift interval, z = 1.0 to z = 0. for galaxies of all stellar masses. See main text for discussion.
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Figure 3. The ratio of the baryonic mass of main-sequence galax-
ies at z = 1.3 to that at z = 0, as a function of their stellar mass
at z = (). The black dot indicates the position on the relation of a
galaxy with the stellar mass of the Milky Way today. The dashed
horizontal line is at a ratio of 1, indicating no change in the baryonic
mass between z = 1.3 and z = 0. It is clear that the highest-mass
(M, = 10'"%® M, at z ~ 1.3) galaxies had the bulk of their bary-
onic mass in place by z = 1.3; the baryonic mass of these galaxies
has declined over the past = 9 Gyr. Conversely, the baryonic mass
of galaxies with stellar mass M. < 10" Mg at z ~ 1.3 has in-
creased since z = 1.3, by approximately 30% for galaxies with
M. ~ 10° Mg at z ~ 1.3.



