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MOTIVATION

@ In purely viscous protoplanetary disks, giant planets may undergo rapid inward migration,
potentially preventing their survival on million-year timescales.

@ Investigate whether magnetically driven disk winds can slow planetary migration and allow
giant planets to remain on stable orbits over longer timescales.

@ Examine how magnetically driven disk winds influence the migration rates, growth, and
final masses of giant planets.
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PREVIOUS STUDIES

@ Planet formation in a purely viscous disk are studied regularly.
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Viscous EVOLUTION: CLASSICAL MRI AND Disk WINDS

@ f,: Fraction of accretion driven by magnetic
torques.

disk wind

o K: Parameter controlling mass loss through
magnetically driven disk winds.

magnetic field lines

Four Disk Models

Disk model £, K
central object Viscous 0 0
Fast wind 08 0
Slow wind 08 1
Laminar 099 1

from Sheikhnezami+ (2018)

4/16



1D NUMERICAL MODEL: GAS EVOLUTION

Chambers (2019): Analytical model for gas - ‘ ‘ ‘
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1D NUMERICAL MODEL: GAP OPENING, MIGRATION

Kanagawa et al. (2018): Giant planet migration
and gap profile
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1D NUMERICAL MODEL: GAS ACCRETION

Guilera et al. (2019): Runaway gas accretion and
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RESULTS: ORBITAL MIGRATION

IS

Semi-major axis [AU] Semi-major axis [AU] Semi-major axis [AU]
N

ao =5 AU, Mgisxk =0.02 Mo

—— visc —— fwind

ao = 10 AU, Mgjsk = 0.02 Mo

— swind

— lam

ao = 20 AU, Mgjsk = 0.02 Mo

ao = 30 AU, Mgjsk = 0.02 Mo

ao = 5 AU, Mgisx = 0.05 Mo

ao = 10 AU, Mg = 0.05 Mo

10 20 30
20
5 10
10
0.00 0.25 0.50 0.75 1.00 0.00 0.25 050 0.75 1.00 0.00 0.25 050 0.75 1.00 0.00 0.25 050 0.75 1.00

ao = 20 AU, Mgsk = 0.05 Mo

ao = 30 AU, Mgk = 0.05 Mo

ao =5AU, Mgisxk = 0.1 Mg

ap = 10 AU, My = 0.1 Mo

10 20
\ 2
5 10
0 0 0
0.00 025 0.50 0.75 1.00 0.00 025 0.50 0.75 1.00 0.00 025 0.50 0.75 1.00 0.00 025 0.50 0.75 1.00

ao = 20 AU, Mgk = 0.1 Mg

ao = 30 AU, Myjsxk = 0.1 Mo

10 20
\ 20
5 10
0 0 0
0.00 0.25 0.50 0.75 1.00 0.00 0.25 050 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 050 0.75 1.00
Time [Myr] Time [Myr] Time [Myr] Time [Myr]

8/ 16



RESULTS: PLANETARY MASS GROWTH
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RESULTS: MASS VS ORBIT
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CONCLUSION

e Giant planets can form and survive in protoplanetary disks where gas accretion is
dominantly driven by magnetically driven disk winds.
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FUTURE PLANS: GENERATE "HEAT-MAPS"

@ Investigate a larger paramter space, producing heat-maps. Implementing pebble accretion
and low mass planets gas accretion.
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FUTURE PLANS: INCLUDE PHOTOEVAPORATION AND DEAD ZONE

@ Furthermore, extend the model to incorporate photoevaporation and dead-zone physics.
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FUTURE PLANS: GENERATE SYNTHETIC IMAGES

e Adding dust evolution and creating artificial ALMA pictures.

Gas surface density o Axisymmetric dust distribution —1 mm, t =1 Myr
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FAR, FAR AWAY... FUTURE PLANS

@ A more accurate description of early planetary evolution and migration requires a 2D
model.
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Thank you for your attention!

Q&A
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