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Star formation and molecular gas

 Star formation is observed to take place predominantly in molecular clouds.

* Molecular clouds are giant gaseous bodies (size 10-100 pc) that consist mostly of H, gas
and dust particles (size ~0.1 pum).

* Cold (T ~ 10 K) and low density (n ~ 10° cm™), so many molecular rotational lines
(e.g., CO J=1-0) can be detected at um~mm wavelengths by radio telescopes.
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Formation and evolution of stars
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Baryon cycle 1n galaxies

galactic wind (outflow)

A
gt @
melecular cloud
starburst —
inflow salactic 015
~ wind
(ionized gas: Ha)
e.g., Veilleux+ (2005) Starburst galaxy M82

star formation rate 5-10 Mg/yr HST

TCHoU19 (solar masses/year)



Molecular gas 1n galactic winds

* Classical example: starburst galaxy M82  Large-scale molecular gas outflow was
detected by the Nobeyama 45-m telescope.
Up to 40% of total molecular gas mass in
MS82 is in the outflow.

Contours: CO (J=1-0)

DS+ 2013 PASJ, 65, 66
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Starburst galaxy NGC 1808

* Nearby (~11 Mpc)

* Starburst in central 500 pc

* Evidence for neutral gas outflow
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ALMA obsrvations of NGC 1808

Atacarha Large Mil/imeter/submillimetér Array
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Molecular gas distribution
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Molecular gas kinematics
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Molecular wind in NGC 1808

Optical

DS+ 2017
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Outflow dynamics

* Velocity
Outflow velocity ~200 km/s at radius 1 kpc

* Mass outflow rate dM/dt~1-10 Mg/yr

~ total star formation rate (R<500 pc) ~5 Mg/yr
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Molecular wind in NGC 253

White: molecular gas (intensity
of emission line COJ=1-0na 2.6 Ne
mm) captured by ALMA
Blue: ionized gas (X-rays)

Bolatto+ (2013)
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Molecular wind in NGC 253

* The molecular wind speed ~60 km/s relative to the center of the galaxy

* Mass outflow rate (3-9 solar masses/year) > star formation rate (1-3 solar masses/year)

* Conclusion: Star formation suppressed by the wind

wind (far side)
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Green: stars

Conclusions Violet: hot gas

Galactic winds remove molecular gas and thus affect star
formation activity and galaxy evolution.

CO observations by ALMA revealed molecular winds in nearby
galaxies NGC NGC 1808 and NGC 253.

* NGC 1808: mass outflow rate ~ star formation rate

* NGC 253: mass outflow rate ~> star formation rate

—> suppressing star formation?

Future work: How molecular winds form and evolve?
In progress: ALMA observations of NGC 1482

NGC 1482
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