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ABSTRACT

In this paper we present an attempt to estimate the redshift evolution of the molecular to

neutral gas mass ratio within galaxies (at fixed stellar mass). For a sample of five nearby grand
design spirals located on the Main Sequence (MS) of star forming galaxies, we exploit maps
at 500 pc resolution of stellar mass and star formation rate (M, and SFR). For the same cells,
we also have estimates of the neutral (My;) and molecular (My,) gas masses. To compute
the redshift evolution we exploit two relations: /) one between the molecular-to-neutral mass
ratio and the total gas mass (M), Whose scatter shows a strong dependence with the distance
from the spatially resolved MS, and /i) the one between log( My, /M) and log(Mmu1/ M, ). For
both methods, we find that My,/My; within the optical radius slightly decreases with redshift,
contrary to common expectations of galaxies becoming progressively more dominated by
molecular hydrogen at high redshifts. We discuss possible implications of this trend on our
understanding of the internal working of high redshift galaxies.
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1 INTRODUCTION

Our understanding of galaxy formation and evolution is strictly con-
nected to the accretion of cold gas on galaxies across cosmic time:
this gas coming from the cosmic web cools down to form atomic
hydrogen (HI) first, and then molecular hydrogen (H;), that can
eventually collapse under gravitational instability to form new stars.
Feedback from star formation also plays a crucial role, as it is a
necessary ingredient to ensure a low efficiency of the star formation
process itself: without feedback the gas in a galaxy would be con-
sumed almost completely over a free-fall time, turning most baryons
into stars, as opposed to the ~ 10 per cent of baryons being locked
into stars as actually observed in the local Universe (e.g. Bigiel etal.
2008; Krumholz et al. 2012; Hayward & Hopkins 2017). Feedback

HI-MaNGA (Masters et al. 2019). At higher redshift, the HIGHz
survey (Catinella & Cortese 2015) targeted the HI emission of mas-
sive galaxies at z ~ 0.2, while the CHILES survey pushed the limit
of individual detections up to z ~ 0.4 (Fernandez et al. 2016). At
even higher redshift our knowledge of HI content is entirely ob-
tained by stacking analysis: Kanekar et al. (2016) at z ~ 1.3 and
Chowdhury et al. (2020, C20 hereafter) at z ~ 1. Damped Ly or
Mgll absorption line systems give us the chance to estimate the HI
content at z > 1.5, with the caveat that they trace HI located well
outside the optical disk of galaxies, hence revealing little about what
is going on inside their star-forming body.

Recently, in Morselli et al. (2020, M20 hereafter) we ana-
lyzed the HI and H» content of five nearby, grand-design, massive

main ceatience (M) ogalaviece on ccalee of ~ SO0 e and linked the



 Cooep>xaHmne monekynsapHoro rasa (H2/HI) 3aBucntT B OCHOBHOM
OT ABYX (paKTOPOB: MJAOTHOCTU ra3a u feedback. 3To 3BeHbs oaon
LLenn camoperynaunmm npouecca SF.

e [Ipobnema HI Ha bonbwnx Z. MNpenen MHONBUAYaNbHbIX
namepeHun - z=0.4. C ncnosibsosaHumem stacking -no z~1
(Chowdhury et al. (2020), 7653 ranakTtuk).

* It is generally assumed that this ratio increases with redshift,
because galaxies are more gas rich and as the gas surface density
Increases, recombination is favored. However, galaxies at high
redshift are also more star forming, and higher levels of star
formation favor photo-dissociation of the H2 molecule, hence it is
not a priori obvious which trend would dominate over the other.

* In this paper we exploit tight correlations to estimate the
evolution with redshift of the H2/HI mass ratio within galaxies.



B npeabiaoyuwen pabote [1] Morselli et al. (2020) gna 5
S-ranakTUK pacCMOTPEHa 3aBUCUMOCTb JIOKaJIbHOr o (B
MacwTabe 0.5 kpc) oTHoweHnsa H2/HI oT mnoBepXHOCTHON
MJOTHOCTW rasa (pacrteT) u oT yaenbHoro SFR (napaer) .
[MTNOTHOCTbL 3Be3aHOro ancka un SFR- no SED, an4
KOTOPOro MCnoJib30BasMCb (POTOM.OLEHKUN B 18 nonocax
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Figure 2. Relations between Espr and Zyp (left panel), Iy, (middle panel) and Igas (for the total HI+H; gas, right panel) colour coded as
a function of the median value of Ays in each bin. Only bins containing a minimum number of 3 cells are shown in the plot. The dashed
contours encircle the areas of the plane containing from 10% to 90% of the data, at steps of 10%. The sensitivity limits are represented
by the dotted-dashed black lines. The purple solid lines in the middle and right panel represent the best fit to the data obtained fitting
the points marked with crosses; the corresponding slope (N) and intercept (A) are written in the panels, together with the Spearman
correlation coefficient 1. In the central panel, the dotted lines mark constant molecular tgep of 108, 109, and 10'° yr from top to bottom.
In the right panel, the dashed black line is the fit to local ULIRGs and SMGs taken from Daddi et al. (2010).

Correlation Slope Intercept Scatter

const aco O3N2 N2 const aco O3N2 N2 const aco O3N2 N2
log Ty, - log Zgpr 0.80+0.12  0.83+0.12 0.83+0.11 -2.97+0.87 -2.97+0.93 -2.94+0.94 0.19 0.20 0.19
log Xoas - log Zspr 1.21+0.18 1.24+0.16  1.25+0.18 -3.74+1.15 -3.74+1.15 -3.73+1.14 0.17 0.18 0.18
log X, - log Ty, 0.91+0.29  0.84+0.29 0.87+0.27 -6.15+2.11 -5.66+2.12 -5.93+2.07 0.22 0.24 0.23

log Zy - log Zgas 0.50+0.14 0.49+0.14 0.49+0.13 -2.64+097 -2.62+1.08 -2.72+1.05 0.24 0.25 0.25
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Figure 3. Correlation between log(Mu1/M,) and log(Mp,/M,.) at 500 pc
resolution, for the 5 galaxies of M20. The best fit correlation (solid orange
line) has a slope of 1.13 and a Spearman coefficient of 0.62.
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Figure 2. Redshift evolution at fixed stellar mass of the Hp/HI mass ratio, obtained applying Method 1 (solid lines) and Method 2 (dashed lines), for three
different values of (My, /Mu) =o= 1/3 (turquoise), 1 (gray) and 3 (black). The values obtain from the HI detection of C20 at z=1.04 are marked with the
white-to-black colored bar, with the gradient indicating variations of the fraction of HI inside the optical radius. The values estimated from the correlations of
Zhang et al. (2020) at z=0, 0.83 and 1.23 are indicated with the yellow-to-purple colored bar, with the gradient indicating the variations in stellar mass.



e Ina ranaktuk ¢ M*=101°°Mc HabnwoaeHund

OAl0T XapakTepHoe 3HavyeHne M /M, ~
0.1.

e ina Z =1 3TOMY COOTBETCTBYyeT

M.,,/M,~ 0.48. Ecnun B npenenax D25
cogepxunrtcsa o6osiee 40% macchl HI, To B
3TNX Npegenax npeobnagaetr
HenTpaJibHbI BOOOJIOA.



BbiBO O bl

e OTHOWEeHne M,/My, O0N1XKHO C poCcTOM Z BbITh
NN NOYTUN NOCTOAHHBLIM, U MeaJIEHHO NanaThb.

* OLLleHKa BpeMeHN ncyepnaHma ra3a oJ>KHa
ObITb U3-3a 3TOro pas3a B [Ba BbllLUe, YEM B
c/ly4ae YNCTo MONEKYSAPHOro ra3sa.

* [loNIHOE KONM4ecCcTBO ra3a AO0JIXKHO NMPUMepHO
BABOE NpeBoCXoAunTb Maccy H2, 4To genaet
ounck bosiee HeycTon4mebiM (Mo Toomre).

e For a direct assessment of the HI content of star
forming galaxies at high redshifts we will have to
wait for the planned surveys with the Square
Kilometer Array (SKA).
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