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Fast cloud-cloud collisions in a strongly barred galaxy:
Suppression of massive star formation

Yusuke Fujimoto,* Fumiya Maeda,> Asao Habe* and Kouji Ohta®

| Research School of Astronomy & Astrophysics, Australian National University, Canberro, Australion Capital Territory 2611, Australia
Earth and Planets Laboratory, Carnegie Institution for Science, 5241 Broad Branch Road, NW, Washington, DC 20015, USA
jﬂepuﬂmenr, of Astronomy, Kyoto University, Kitashimkawa-Ciwake-Cho, Sakyo-ku, Kyoto, Kyote 606-8502, Japan

4@ mduate School of Science, Hokkaido University, Kita 10 Nishi 8, Kita-ku, Sapporo, Hokkaido 060-0810, Japan

Accepted XXX, Received Y'Y in original form ZZZ

ABSTRACT

Recent galaxy observations show that star formation activity changes depending on
galactic environments. In order to understand the diversity of galactic-scale star for-
mation, it 1s crucial to understand the formation and evolution of giant molecular
clouds in an extreme environment. We focus on observational evidence that bars in
strongly barred galaxies lack massive stars even though quantities of molecular gas
are sufficient to form stars. In this paper, we present a hydrodynamical simulation of
a strongly barred galaxy, using a stellar potential which is taken from observational
results of NGC1300, and we compare cloud properties between different galactic en-
vironments: bar, bar-end and spiral arms. We find that the mean of cloud’s virial
parameter 1s ayy ~ | and that there is no environmental dependence, indicating that
the gravitationally-bound state of a cloud is not behind the observational evidence of
the lack of massive stars in strong bars. Instead, we focus on cloud-cloud collisions,
which have been proposed as a triggering mechanism for massive star formation. We
find that the collision speed in the bar is faster than those in the other regions. We
examine the collision frequency using clouds’ kinematics and conclude that the fast
collisions in the bar could originate from random-like motion of clouds due to ellip-
tical gas orbits shifted by the bar potential. These results suggest that the observed
regions of lack of active star-formation in the strong bar originate from the fast cloud-
cloud collisions, which are inefficient in forming massive stars, due to the galactic-scale
violent gas motion.
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dakT: B 0bnactn bapa (Kpome cnupaner Nno3aHUX TUNOB)
SFR 06bI4HO NOHMXKEHA AaXKe NPU HAaANYUU Fa3a (Kpome
crnupanel no3o0HUX murnog) . 310 06 bACHAETCA HA/IMYNEM
YOAPHbIX BOJIH, BO3OYKAQIOWMX CUNbHbIE TYPOYNEeHTHbIe
ABUXKeHuA (ccbinkn). Ho KaK 3TO MOXKET 3aTPOHYTb
dopmunpoBaHue GMCs un yxe rotoBble GMCs?

K Tomy e, ¢ apyromn ctopoHnsl, cl-cl collisions ponKHbl
ctumynuposaTtb SF (ccbinkn) . Bonpoc ANCKYCCUOHHDBIN.

In order to unveil the cause for the low star formation
efficiency in the bar region clearly, studying a barred galaxy
with a strong bar is ideal, where the symptom of absence of
star formation is most clearly seen.

BbibpaHa ranaktnka NGC1300.
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Figure 1. Face-on views of V-band (F555W filter) image taken with HST (left) and velocity-integrated '2CO(2- 1) intensity map (right)
corrected for the position angle and inclination of —85.5° and 50.2° (England 1989a), respectively. The V-band image is obtained from
the Hubble Legacy Archive (https://hla.stsci.edu/). The *CO(2 - 1) image is generated from the ALMA archival data under project
2015.1.00925.S as proposed by B. Guillermo et al. We used the significant emission defined as follows: We first identify pixels with S/N > 4
in at least two adjacent velocity channels. Next, we grow these regions to include adjacent pixels with S/N > 1.5. The beamsize in the
face-on view is 766 pc x 645 pc, which is represented as a black ellipse in bottom left corner.

 Bonpoc: no4yemy rasosbie 06n1aKka B bape He poXKAatoT
MaCCUBHbIX 3Be34? YTO mellaeT UM CKONNancmMpoBaTb?



Simulations

* 3D rugpoanHamunKka + pagnaymoHHoe
oxnaxaeHune obnakos + heating by FUV.
ConHeYHble 3Ha4YeHUA MeTaI/IMYHOCTU U
nbiab/ra3s ratio.



Mopaenb ranakTuku
Maccbl KomnoHeHT --no England 1989

PH[EI[-?-:- H.z)= I{?", H}ji{:] GAS'

= {Zdisc(r) + Zbulge(r) pes(r.2) = pocxp |- :| 2
+Epgr(r) cos (26) + Zarm(r) sin (26)}A(z] '- -Hm \

100 pe k (7)

. . .. . where pg = 9.152 % 10r2 Mg pc. The gas is set in circular
where I;(r) 1z the radial distribution of each componer - PO o Pe MR .

. ) e - - motion as calculated via Vige(r) = (GMyo/r)"/ =, where My 1s
h(z) is the vertical distribution. Each of these are give (¢ cnclosed mass of stars, dark matter and gas within the
radius r.

JH-IJh-...
Eaisclr) = xp l ’,
m‘.‘r‘m Fiisc |
y [a3: HI+H2.
M bulge "bulge
Lbulge(r) = Yot 1.5
%+ Piiee HauanbHoe pacnpegeneHne 0cecMMETPUYHO.
M, xt y2 |
e = g2
LTy Oy 2oy 2oy

where Myisc = 6.78 x 10'% Mg, Myyjge = 4.0x 10? Mg, My, =
4.0%10° Mg, Marm = 8.3 10% Mg, ryisc = 8.4 kpe, ryyjge = 1.2
kpe, ox = 3 kpe, oy = 0340 and ragm = 2.4 kpe. |
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Figure 2. The stellar component of the galactic potential. Top
panel shows the axisymmetric star particle distribution (disc and
bulge). Bottom panel shows the non-axisymmetric star particle
distribution (bar and arm), which rotates clockwise at a constant
pattern speed.
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Figure 3. The global gas distribution in the face-on galactic disc. Left to right, the images show the disc at 1 = 560, 580 and 600 Myr.

Top to bottom, the images show the gas surface density, the density-weighted gas temperature and the surface density of dense gas of
> 100 cm™. The galactic disc rotates clockwise.



Fast cloud collisions in a strong bar 7T
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Figure 4. Azimuthally-averaged radial profiles of the gas circular
velocity (mass-weighted average over -1 =< z < | kpe) for the . . ] . )
galactic disc at r = 560, 580 and 600 Myr. The black solid line Figure 8. The three different galactic environments: Bar (blue),
shows the constant pattern speed of the non-axisymmetric stellar _B'If'jm'i (orange), Arm (green). Each is a circle which is 3 kpe
potential. The dark yellow line shows the observed value from in diameter. The bax:kgmu__,nd colour shows the surface density of
England (1989b), and their errors are shown with a filled area. the dense gas of = 100 cm™ at r = 600 Myr.

BupuanbHble cBoicTBa 06n1aKkoB B 6ape 1 B cnupanax
OKa3anucb oanHakosbiMu. OHM poxkaatoTea c o, ~ 1.
3HauuT, geno He B obpasoBaHuM obnakos.
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Figure 11. Normalized cumulative distribution function of the
virial parameter of clouds after cloud-cloud collisions. The sam-
Figure 8. Mormalized cumulative distribution function of the ples are the ‘3‘3'1“55‘:'“.5 occurred in 20 T»'I}r'_r.between r = 590 *'-'ﬂ'f'j
cloud-cloud collision speed. The samples are the collisions oc- 610 Myr, as shown in Table 1. The collision whose mass ratio

curred in 20 Mvyr between § = 500 and 810 Mvr. as shown in is less than 0.1 is excluded becanse we do not expect that such
Table 1. ) c a collision can create a compressed shocked region which could

possess massive cloud cores.

The high-speed collisions in the Bar originate from the global
galactic gas motion; the gas flow is highly elongated by the bar
potential, that induces dispersion in the clouds' motion, that can
cause violent cloud-cloud collisions. The high-speed collision can
make clouds gravitationally unbound



OCHOBHbI€e BbIBOAbI

e dopmupylowmeca obanaka mano passiMyaroTca
Nno maccam B 6ape 1 B CnMpaibHON BETBM.
OcHOBHOE OT/InYMe — He B macce 06/1aKoB nau
B YAaCTOTE UX CTOJIKHOBEHUU, @ B CKOPOCTU
CTO/IKHOBEHUMN — U3-33 CUNIbHbIX HEKPYTOBbIX
NBUKeHWN B bape (BbITAHYTble OPOUTDLI). ITUM
06BbACHAETCA HU3KUM TEMI
38e310006pa30BaHMUA.



Galaxy NGC 1512
Hubble Space Telescope « FOC ¢« NICMOS ¢« WFPC2

NASA, ESA, and D. Maoz (Tel-Aviv University and Columbia University) ® STScl-PRC01-16



