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What determines the H I gas content in galaxies?:
morphological dependence of the H I gas fraction across M,.-SFR plane
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ABSTRACT

We perform a stacking analysis of the H I spectra from the Arecibo Legacy Fast ALFA (ALFALFA)
survey for optically-selected local galaxies from the Sloan Digital Sky Survey (SDSS) to study the aver-
age gas fraction of galaxies at fixed stellar mass (M, ) and star formation rate (SFR). We first confirm
that the average gas fraction strongly depends on the stellar mass and SFR of host galaxies; massive
galaxies tend to have a lower gas fraction, and actively star-forming galaxies show higher gas fraction,
which 1s consistent with many previous studies. Then we investigate the morphological dependence
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[TocTaBJsiIeHHada Lenb:
YTO4YHUTbL CBA3b coaep>xaHuma HI ¢ Mmopc

hoJIorneun,

MaCCOWN 3Be3aHOro HaceneHmsa  SFR ranaktTumk

CBA3b MHI ¢ M* n SFR xopolLuo n3secTtHa. Kakasa CBA3b C

Mopdonormen ranakTuk, roe ectb SF?

B pa3HbiXx paboTax no pa3HoOMY onpenensercs
MOPMOSIOrMYECKUN TUM N NO PA3HOMY OTHOCAT raslakTUKY

K NMaCCUBHbIM NJIN aKTUNBHDbIM.

Kak oToenuTtb no3aHue TUunbl OT paHHUX? Jinbo no
pacnpenesieHuio APKOCTHU, IMOO No BHeLLHeMy BUAY.

Opyrasa npobnema - cesieKuus B CTOPOHY raJlakTmMk

Haubonee dorarTbix HI.



* In our study, we carry out a comprehensive analysis by using the
multiple morphological indicators (nHaekc Cepcuka, C-mHaoekc
(R90/R50), smoothness(galactic Zoo project), pa3noensasa npwu
3TOM rajlaktukum no M* n SFR.

Bbibopka - kaTanor GSWLC-2 (GALEX-SDSS-WISE LEGACY)(Salim
et al 2018), roae M* n SFR oueHmnBanncb onga 230 000 SDSS-
raslakKTUK ¢ ncnonab3losaHnem GALEX n WISE.

We then cross-matched the GSWLC2 catalog with the MPA-JHU
catalog (Abazajian et al. 2009) of SDSS DR7 to obtain the
spectroscopic redshift of each target. We then select 32,717
galaxies (with 0.01 < z < 0.05) located within the ALFALFAH | 21
cm line survey footprint.
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GSWLC contains physical properties of ~700,000 galaxies with SDSS redshifts below 0.3
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* We cross-matched the GSWLC2 catalog with the MPA-JHU catalog
(Abazajian et al. 2009) based on SDSS DR7 to obtain the
spectroscopic redshift of each target. We then select 32,717
galaxies (with 0.01 < z < 0.05) located within the ALFALFAH | 21
cm line survey footprint.

 HI - no kKaTanory ASLFALFA

* In the following analysis, we restrict the sample to galaxies with
M* and SFR range of 9.0 < logM* < 12.0 and -2.0 < logSFR < 2.0.

e /Ickno4Yanucb raJlakTukKm ¢ KoMmnaHbOHaMu B npenenax 4’.
* Nckntodanucbh ranaktmkm ¢ AGN (no BPT-anarpamme).

* The remaining 10,887 galaxies are our parent star-forming'
galaxy

sample.
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This VAC is described in full on this web page. System Status
The Max Planck for Astrophysics (MPA) and Johns Hopkins University (JHU) groups provide galaxy properties
for all DR8 galaxy spectra, using the Galspec product, based on the methods of Brinchmann et al. (2004),
Kauffmann et al. (2003), and Tremonti et al. (2004). The catalog includes emission lines and derived galaxy
parameters, such as BPT (Baldwin, Phillips & Terlevich) properties, stellar mass, nebular oxygen abundance,
and (specific) star formation rate. This catalog was deprecated in DR12 in favor of the Wisconsin, Portsmouth,

and Granada team analyses of the same data, but are provided for comparison with the other galaxy property

measurements listed here.
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YTO HOBOIro B MeToANKe OUEeHKI

M

dCChbl

* |n short, instead of fitting an SED that includes both
stellar (UV/optical) and dust (IR) SEDs, we perform

C
t

UV/optical SED fitting that includes constraints on the

ust emission directly from the total IR luminosity, i.e.,

ne IR luminosity is treated as a “flux” point.



e [Ina yMmeHbLUeHNSA 3hPEKTOB cenekunm npn oueHke MHI
MCNOJIb30BaJIoCb cnoXxeHne cnekTpos HI (stacking)
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Figure 1. An example of the stacked H I spectra obtained in
Sec. 2.2, The light-blue region shows the error in each veloc-
ity bin derived from the rms of individual spectra. Vertical
dashed lines are shown at £350 km /s, between which the
flux is summed up to calculate the gas fraction (Fy,, see
Sec. 2.1).



* In our study, we divide our sample into small bins on the
M*-SFR plane (AM* = ASFR = 0.5 dex). The galaxies in
each bin are further divided by their morphology with
three morphological indicators; Sersic n, C-index, and the
visual smoothness. Our study revealed that visually
smooth galaxies have lower gas fraction than non-smooth
galaxies at fixed stellar mass and SFR.

* Such a morphological trend is not observed when we use
C-index



Our results suggest that galaxy morphologies define
by Sersic n and C-index are not identical to the class
made by human eyes. We note that we are not discu
which is the best indicator of galaxy morphologies.

Smooth

Figure 9. Examples of optical images of non-smooth (upper
6 panels) and smooth galaxies (lower 6 panels) from SDSS
DR12. We note that all these galaxies listed here have fixed
stellar mass, SFR, Sérsic n, and C-index (10.0 < log;y M, <
10500 <log, . SFR<05.10<n<15. 20< C < 2.5).
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Figure 2. The M,-SFR diagram to show the distribution
of all our sample (grey contours) and the number of galaxies
used for H I stacking at each (M,, SFR) bin. The grid size
indicates AM, = ASFR = 0.5 dex (see Sec. 2.2 for details).
Orange shaded bins are used for the stacking (N>10).

log19M= [Mg ]

11.0

Figure 4. Same figure as Figure 2 but for late-type (blue)
and early-type (red) galaxies divided by the Sérsic n. Blue
and red contours show the distribution of late-type and early-
type galaxies on this plane, respectively. Here we normalize
the contours based on the total number of each population.
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Figure 5. The result of our stacking analysis when we

connected by the solid line show the scaling relation from Brown et al. (2015) (same as Figure 3).
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divide our sample by Sérsic n (left), C-index (middle), and visual
smoothness (right). The top panels (a)/(d)/(g) show the relation between the stellar mass and the average H I gas fraction
of late-type/disk/non-smooth populations, respectively. The second row (b)/(e)/(h) is the same as the upper panels but for
early-type/bulge/smooth galaxies. The meanings of the large circles and inverted triangles in the top and second row are the
same as the right panel of Figure 3. The panels (¢)/(f)/(i) show the difference in the amount of H I gas between the above two
populations as a function of their stellar mass. The meaning of each symbol is summarized in Sec. 3.1. Colors indicate the
median SF'R of each subsample. The gray error bars are also derived by the Bootstrap method (see Sec.2.1). The black squares
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» Our study revealed that, at fixed stellar mass and SFR, H | gas mass fraction (FHI ) does not
significantly depend on their morphologies when we use C-index for morphological classification,
while we do find a significant morphological difference (0.7 dex) when we use visual smoothness as
a morphological indicator. The visual smoothness can better distinguish gas-rich and gas-
poor populations at fixed stellar mass and SFR.

 Smooth galaxies tend to have significantly lower gas fraction than non-smooth galaxies, and we
find that there are six bins where both non-smooth and smooth galaxies are detected at S/N(FHI ) >
3. There is a significant difference in H | gas fraction between the smooth and non-smooth galaxies
at fixed stellar mass and SFR in the range of 9.0 < logM < 10.5. This is the main result of our

paper.
» Considering the fact that the amount of molecular hydrogen is almost constant (Catinella et al.
2018; Koyama et al. 2019), our result suggests that non-smooth galaxies have a larger

amount of H | that is not involved in the star-formation than smooth galaxies, even at the
same stellar mass and SFR.

OT cebs:

CTPYKTYpPHOCTb (Smoothness) oTpaxaeT Heo4HOPOAHOE (HECUMMETPUYHOE) pacripegesieHne
MOoJ10/1bIX OOBLEKTOB B ANCKE . YeM BbilLue coAgepXXaHne rasa, TeM rpu Tex e TemMrax Sf MeHsbLLe
smoothness (crinpasibHble BeTBU, bap? )
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