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ABSTRACT

We present IRAM 30m observations of molecular lines of CO and its isotopologues from the massive
spiral galaxy NGC 5908 selected from the CGM-MASS sample. 12CO J =1-0, 12CO J =2—1, and
BBCO J =1 — 0 lines have been detected in most of the positions along the galactic disk. The total
molecular gas mass of NGC 5908 is ~ 7 x 10 Mg, and the total cool gas mass adding atomic hydrogen
is ~ 1.3 x 10'° M., comparable to the upper limit of the mass of the X-ray emitting hot gas in the
halo. Modeling the rotation curves constructed with all three CO lines indicates that NGC 5908 has a
dark matter halo mass of M,;, ~ 10® M, putting it among the most massive isolated spiral galaxies.
The 2CO/BCO J =1-0, '2CO J = 2—1/J = 1 — 0 line ratios and the estimated molecular
gas temperature all indicate normal but non-negligible star formation in this fairly gas-rich massive
isolated spiral galaxy, consistent with the measured star formation intensity and surface densities.
The galaxy is probably at an early evolutionary stage after a fast growth stage with mergers and/or
starbursts, with plenty of leftover cool gas, relatively high SFR, low hot CGM cooling rate, and low
X-ray emissivity.

Subject headings: galaxies: individual: NGC 5908 - (galaxies:) intergalactic medium - galaxies: [SM
- galaxies: spiral - galaxies: star formation - ISM: molecules

1. INTRODUCTION

ated with the disk and bulge respectively, with the disk

The evolution of an isolated spiral galaxy is regu-
lated by the cooling and accretion of the circum- gala,ctic
medium (CGM), the condensation of the cool gas in the
disk and the follow-up star formation, as well as the feed-
back of energy and metal-enriched material by young
stars and supernovae (SNe) back into the interstellar
medium (ISM) and the CGM. In these processes, molecu-
lar gas in the galactic disk acts as a link for gas cycling be-
tween the CGM (via cooling and accretion) and the star
formation (by providing fuel) (e.g., Kennicutt & Evans
2012; Bolatto et al. 2013 and references therein). There-
fore, measuring the overall content and spatial distribu-
tion of molecular gas in an isolated spiral galaxy plays
a key role in understanding how it builds up the stellar
content of the galaxy.

~

component typically younger and with higher metallic-
ity (e.g., Cezario et al. 2013). This bimodality in the age
and metallicity of GCs indicates that the major part of
the disk of these galaxies may form after the merger and
starburst stage when the galaxy swallowed most of the
companions and became dominant in the dark matter
halo. This scenario is further supported by the discovery
of superluminous (M, = 0.3—3.4x 10! M) spiral galax-
ies with active star formation (SFR =5 — 65 My yr—1),
diverse environments and merger stages at 2 ~ 0.1 — 0.3
(Ogle et al. 2016). These galaxies may be the progenitors
of the local massive, isolated, quiescent spiral galaxies
which represent the cleanest cases to witness the gen-
tle growth of galactic disks without major merger and
extensive star formation.
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 PaboTa — B pamKax NPOEeKTa U3y4yeHuns
HeCcKobKux (6) Hanbonee maccmBHbIX
ranaktmnk Circum-Galactic Medium of MASsive

Spirals (CGM-MASS) ¢ Vrot > 300 km/s.

e . All the CGM-MASS galaxies have diffuse X-ray
emission from hot gas detected above the
background extending ~(30-100) kpc from
the galactic center.



NGC 5908

HeobblyHaAa raiakTUKa oyeHb 601bLWOM Macchl.
N3onnpoBaHHaA (Ckopee, WMpOKaA napa).

CsA3b SFR ¢ ocTaBLIenca maccou rasa — nHbopmauma K
nctopumn GopmmpoBaHma banarka n AuCKa.
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e NGC5908 0.5-1.25 keV XMM-Newton

 Jiang-Tao Lietal., 2018
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TABLE 1

PARAMETERS OF NGC 5008,

Parameters Value

Type SA(s)b

Distance 51.9 Mpc

redshift 0.011028

scale 1" = 0.252 kpc

inclination 65.31°

Urot 347 km s}

My 5.9 x 107 Mg

M, 2.56+0-12 x 1011 Mg

SFR 3.81+0.00 Mg yr—?

Magp 8.1 = 1012 Mg

r200 417 kpc

kT 0.38750% keV

LX r<0.1ra00 7.2733 % 1032 ergs 51

Teaal lﬂ.ﬂfﬁjg kpc

Meoolrer, 0.37(< 1.55) Mg yr—1

Myot 100 14753 % 1010 £1/2 M

My, 12c0 (R3+£0.4) x 107 Mg,

My, 13c0 (5.2 4 0.4) x 109 Mg

M1, average (6.8 +1.7) x 107 Mg

Rizgg _ T.0+1.7
TW}-&:medJan

R 12 0.43 +0.11
n%ﬁ::mcd]an

T13C0, median 0.16 = 0.03

TK::nr:dian 329 K

M., (1.4 £0.1) x 1012 Mg

TH, 54+ 1.4 Mg pe—?

EHE - HI 10,1 £1.4 Mg, PC
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e HabnwgeHuna: IRAM 30m, 8 nonoXeHuu.
« 2CO0J=1-0,12C0O0J=2-1,and 3COJ=1-0lines.
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Fi1G. 1.— SDSS r-band image of the central 4’ x 4’ region of

NGC 5908. The circles are the location L)»f the IRAM 30m beams
with the size indicating the beam size at '2CO J = 1—0 band. The
black solid circles have twice the exposure time as the white solid



|0 e e e 1 AT Alauaass e ANASSSS 74 0 e e T e
. @i T ™y »]j‘ © |
- B p (S s s +
| ! Lo ; | 3 E
Il + : Il + _I [ +

F ] 3 F ] . _:
_ + —t— = + '_l_' - EEy i T

- B I [y ) B - d (kg B B L[k

Fic. 2.— The main beam and forward efficiency corrected integrated line intensity of '2C0O J =1 -0 (a), *CO J =1 -0 (b), and
1200 J = 2—1 (c) along the galactic disk. The x-axis is the distance along the galactic plane from the galactic center. The vertical line in
each panel marks the location of the galactic center. We also convert the 12C0 J =1 — 0 and #CO J = 1 — 0 intensity to the molecular
gas column density Ny, in (a) and (b).



Yem onpeaenaeTca oTHOWEHNE NAUHUN
12C0O/13C0O?

* OnNTUYeECKasa TONLLMHA ra3a (3aBUCUT OT
NI0THOCTU rasa, ana DIG oTHoweHue Bbilwe).

 CooTHOLWEHUE 0O6UANIK 3TUX MONEKYA (BbiLLE B
bonee Tennom rasa) B starburst galaxies
OTHOLUEHWE BbILLE.

* OTHoweHue R =12CO(2-1)/1*CO(1-0) 3aBucut
OT TEMNepPaTypbl U CTPYKTYPbI MONEKYNAAPHbBIX
o061aKoB
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(a) Optical depth of *CO (T13ng). (b) Kinetic temperature (Ti ) of the molecular gas under the LTE assumption. The x-axis

is the distance along the galactic plane from the galactic center.
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* The total mass of cold molecular and atomic
gas of NGC 5908 is in general comparable to
the mass contained in the extended hot CGM
Mpo: = 1.4 9(+3.3-0.6) x10'° M.
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F1G. 5.— Rotation curves of the '2C0 J = 1 — 0 (diamond),
BeoJ=1-0 (triangle), and 2C0 J =2 -1 (box) lines along
the galactic disk. The x-axis is the distance ¢1Imlg the galactic plane
from the galactic center. Data points of the *CO J =1 —0 and
12C0 J = 2 —1 lines are slightly shifted in the x-direction in order
to avoid overlapping. The dotted vertical and horizontal lines show
the best-fit shift from the optical center (+0.8 kpc) and the system-
atic velocity of NGC 5908 (448 km s~ !). The best-fit inclination

angle is 89,987, significantly larger than the value determined in op-
tical (65.31°, ﬂbt‘m]ui frmn HyperLeda Makarov et al. '?'{]l-l"' The



MoaenbHble oueHKuU:

(dM/dt)cool = 0.37 (< 1.55) M yr-1
- Ha NopAaoK HuxKe, yem SFR.
- C y4yeTom rmMraHTCKou 38e3aHOMN Macchbl

M*=2.6*1011,8 npowsiom SFR 6bin1 bonee yem
Ha NOpPAAO0K boiee BbICOKUMN.
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* The cool gas mass is comparable to the total mass of hot
gas in the halo, so makes a significant contribution to the
galaxy’s gas budget, but is still far from sufficient to account
for the “missing baryons”.

 Comparison to the star formation law indicates that NGC
5908 is converting cool gas to young stars at a normal
efficiency, with no significant suppression of star formation
as often suggested in disk galaxies with a huge bulge.

* The radiative cooling of the hot CGM or any other external
gas supply are probably insufficient to compensate the gas
consumed in star formation. The galaxy must have a fast
growth stage with mergers and/or starbursts in the past.



