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Intro: Gravitational Instability

Massive enough?
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Intro: Cooling Criterion
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INntro: Toomre Parameter
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So What?
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Current Cooling Criterion
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Cooling Timescale:
Non-convergence
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Cooling Timescale
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Critical cooling criterion depends on
resolution

Alter the cooling so that:

log 8

e Criterion is more or less constant with
resolution

e It still makes sense physically
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. . . M & Bate 2011
formation regime of gas giant planets? SR
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Change the Cooling Timescale

Cooling timescale is not so simple

Optical depth depends on density

FREQUENCY-AVERAGED OPACITY LAW OVER EiGHT REGIONS IN ORDER OF
ASCENDING TEMPERATURE

T ~ ZK Region K; a b

ICEGrains «...vvvevineeriieiiieanannnn, 2x107% 0 2

Evaporation of ice grains .................. 2 x 1016 0 -7

Metal grains ............. P RTRTRS 0.1 0 1/2

arb Evaporation of metal grains ............... 2 x 1081 1 -24

K ~ T Molecules .......c.oovinveniiniiieaninn.s, 1078 2/3 3
p H-scattering ......oovvvvnveriininreneansenns 10736 1/3 10
Bound-free and free-free ................... 1.5 x 10%° 1 —5/2

Electron scattering ...............c.ooeeuis 0.348 0 0

t = ﬂ O Bell & Lin (1994)
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Change the Cooling Timescale

Why might this lead to convergence?

Increased resolution = Larger density perturbations at
the same cooling timescale

Consequences?

Suppression of surface density perturbations

Change in the critical cooling parameter altogether
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Results: convergence?
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Results: convergence?
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Results: convergence?
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Impact on Planet Formation

Gas giant formation is less likely
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Core accretion remains the primary way to form most planets
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What Next?

Further adjustments to the cooling timescale:
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Possible convergence? Or just more shifting around?

Coming soon ...
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What Next?

Use radiative transfer instead

*2Dto 3D Current cell (p, T, Xp.or Kpu)

*More expensive, but more realistic

2 (AU)
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Conclusion

*Newtonian cooling does not account for the
increasing density refinement with resolution

*Incorporating more physics may be a realistic
solution

*Gl may still form planets, but it seems less likely
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