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Gas cycle in galaxies

We need to understand how gas flows
in and around galaxies (gas cycle).

Galactic winds important for:

- Regulating the star formation in the disk.

- Circulating chemical-enriched gas to the
CGM - IGM.

- Feedback is needed in any cosmological
model to reproduce galaxy properties.

Powering sources:

- Star formation (SN + stellar winds)

- Active Galactic Nuclei



The nuclear wind of the Milky Way

Predehl et al., 2020

Milky VVay

Credits to
NASA

Our Galaxy has its own wind!

Giant lobes extending to 10-15 kpc and
detected in:

- y-rays (Fermi Bubbles, Su+10)

- X-rays ( , e.g., Predehl+20)
- Microwaves (Dobler & Finkbeiner 2008)

- Polarised radio (Carretti+13)

Hot bi-conical outflow generated a few
million years ago by a powerful event near
the Galactic Centre.



Tracing the cold phase of the wind
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HI surveys to study the cold gas swept by the wind
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A population of anomalous HI clouds ‘
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Properties of atomic gas: general properties
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Kinematic modelling of outflowing clouds

Simulating winds with different velocities and opening angles
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Kinematic modelling of outflowing clouds

Simulating winds with different velocities and opening angles

A wind accelerating to 330-350 km/s
at a distance of ~2 kpc

LSR Velocity (km/s)

Opening angle: o > 140°

Di Teodoro+18, Lockman+20

50% of clouds have |V, sz| < 70 km/s are missing !

Total HI mass in clouds: |1 x 10° Msun Cloud lifetimes: |~ few x 10° years

Atomic outflow rate:| ~ 0.1 Msun/yr Wind kinetic power:| > 3 x 10* erg/s

w Clouds likely represent the cool gas component of a nuclear wind
driven by star-formation activity/ Sgr A* activity




HI Blending and Decomposition
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Latest GBT Observations
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Gaussian Decomposition and Reconstruction
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We detect ~2000 clouds in the 600
range of 30 < |vqr| < 70 km/s:
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Molecular gas in the cores of outflowing HI clouds
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Semi-analytic modelling of the SF-driven wind
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q Physically-motivated SF-driven wind models can reproduce the HI data




Hydro-simulations of the inner Milky Way

Simulating the full process in the Milky Way Galactic Centre:
- gas flows through the bar -> CMZ formation;

- star formation and SN feedback;

- launching and evolution of large-scale outflows.

Peschken et al., submitted
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* With the gaussian decomposition, we detect a population of HI clouds with
30 < |vLSR| < 70 km/s m the MW’s wind.

* The low-velocity clouds accounts for ~77.8% of the complete population of the
out flowing gas, consistent with predictions from wind model.

* Including the low-velocity gas, the outflow rate and wind kinetic power will be
a factor of ~3.5 larger than previous results.




	Hidden HI Clouds in the Milky Way’s Nuclear Wind
	Gas cycle in galaxies
	The nuclear wind of the Milky Way
	Tracing the cold phase of the wind
	A population of anomalous HI clouds
	Properties of atomic gas: general properties
	Kinematic modelling of outflowing clouds
	Kinematic modelling of outflowing clouds (2)
	HI Blending and Decomposition
	Latest GBT Observations
	Gaussian Decomposition and Reconstruction
	Results
	Molecular gas in the cores of outflowing HI clouds
	Semi-analytic modelling of the SF-driven wind
	Hydro-simulations of the inner Milky Way
	Summary

