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STAR FORMATION IS SENSITIVE TO ENVIRONMENT
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The time-scale for star formation
varies by environment. Star
formation is regulated byE
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STAR FORMATION IS SENSITIVE TO ENVIRONMENT
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STAR FORMATION IS SENSITIVE TO ENVIRONMENT
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FUV + stellar feedback
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Kim et al. 2011




FOOD FOR THOUGHT

What is regulating star formation in different environments?

Kennicutt 1998; Bigiel et. al. 2008, Leroy et al. 2008
Ostriker et al. 2010, Hopkins et al. 2012

Does it matter how you do feedback?

Hopkins et al. 2011, 2012; Agertz et al. 2013



REGULATION IN SIMULATED GALAXIES

Some representative sub-grid prescriptions:
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star formation IG! ¢ 4"G! 3.5
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feedback B ~ o
eedbac Fb ™~ €fp (100 M ) 0
feedback dissipation! T ~5-50 Myr

cf. Agertz et al. 2013
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THE GLOBAL STAR FORMATION RATE
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Impact

The change in star formation rate always scales sub-linearly with a
change in star formation parameters. Why?
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REGULATION IN SIMULATED GALAXIES

GASOLINE (Wadsley+ 2004)

440 Mo particles; 20 pc softening

static log-halo potential (V. =220

km/s)

total gas mass 7.5x10° M (16 million particles)

star formation |
(Stinson+ 2006)

stellar feedback !
(Agertz+ 2014, Keller+ 2014)

log(P/k) (K cmi 3)

radial photoelectric heating
(Wolfire et al. 2003)
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REGULATION IN SIMULATED GALAXIES

Build up a suite by varying parameters off of a reference set where
¥ ngy=100cms
¥ Cx = 6% (per dynamical time)

¥ " =100% (10°! ergs per supernova)
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THE GLOBAL STAR FORMATION RATE

The change In star formation rate always scales sub-linearly with a
change in star formation parameters. Why?
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PRESSURE DRIVEN REGULATION

Vertical equilibrium and energy balance set the star formation rate

Required Pressure

gas P= 149dz

Stars

Blitz & Rosolowsky 2003; Ostriker et al. 2010; Ostriker & Shetty 2011; Kim et al. 2011, 201



PRESSURE DRIVEN REGULATION

Vertical equilibrium and energy balance set the star formation rate

Required Pressure

gas P, =-n1GY?
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Stars

Blitz & Rosolowsky 2003; Ostriker et al. 2010; Ostriker & Shetty 2011; Kim et al. 2013, 201



PRESSURE DRIVEN REGULATION

Vertical equilibrium and energy balance set the star formation rate

Required Pressure Pressure Support

non-thermal pressure

gas turbulent pressure

stars thermal pressure

Blitz & Rosolowsky 2003; Ostriker et al. 2010; Ostriker & Shetty 2011; Kim et al. 2013, 201



PRESSURE DRIVEN REGULATION

Vertical equilibrium and energy balance set the star formation rate

Required Pressure Pressure Support

linked to the local SFR
supernova
radiation pressure

gas .
Independent of local SFR
B-fields
thermal
stars cosmic rays

Blitz & Rosolowsky 2003; Ostriker et al. 2010; Ostriker & Shetty 2011; Kim et al. 2013, 201



P/k (K cm™?)

DOES PRESSURE REGULATION HOLD?

Vertical equilibrium and energy balance set the star formation rate

P/k (Kcm™)

R (kpc) R (kpc)

Averaged over 100 Myr required pressure = pressure support

The scale height plays a role in setting the equilibrium SFR



DYNAMIC PRESSURE REGULATION

Consider now a 100 pc wide annulus in the disk, at R = 4.5 kpc
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DYNAMIC PRESSURE REGULATION
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A DYNAMIC PRESSURE FRAMEWORK

scale height changes in
response to density waves

evolution is dominated by
the mean v,

mean Vv, responds to
differences in pressure
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A DYNAMIC PRESSURE FRAMEWORK
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as In the simulations

¥ the change in SFR Is sub-
linear

¥ the delay time is small,
5-10 Myr

this is small compared to the
vertical oscillation timescale
for the galaxy ~130 Myr



ORIGIN OF RESPONSE TIMES
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ORIGIN OF RESPONSE TIMES
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ORIGIN OF RESPONSE TIMES

This means the vertical oscillation period can be smaller:
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ORIGIN OF SUB-LINEAR SCALING

The change In star formation rate always scales sub-linearly with a
change in star formation parameters because of the scale height
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ORIGIN OF SUB-LINEAR SCALING

The change In star formation rate always scales sub-linearly with a
change in star formation parameters because of the scale height
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THE GLOBAL STAR FORMATION RATE

The change In star formation rate always scales sub-linearly with a
change In star formation parameters because of the scale height.
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ORIGIN OF SUB-LINEAR SCALING

The change In star formation rate always scales sub-linearly with a
change in star formation parameters because of the scale height
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SUMMARY

Star formation rates are sensitive to how star formation Is
parameterized. The sensitivity is sub-linear and captured by
pressure balance models.

The dynamic pressure balance model has proven to be stiff; we see
a characteristic timescale of only 10 Myr.
—> For quiet galaxies, equilibrium models do well.

Our simulations are purposefully simple. Multiple or more complex
feedback schemes will lead to more complex dependence.



