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| am currently a PhD student in Penn State’s Department of Astronomy & Astrophy where | work on observa
tions of young star clusters and protoplanetary disks, as well as detailed computer simulations of planet forma
tion, More broadly, | am interested in Big Data-driven science, especially machine learming, as well as high-perfor

mance computing. Below is a listing of projects/coliaborations past and present (aiso found under "Research”

menu).

Pencil Code: Planet formation




Blake Hord (Dobbs Ferry High School, NY)

Wiladimir Lyra
September 22 at 12:32pm - Twitter - & »

Blake Hord, my high-school intern, presenting the summer research he did
at #csun. #ExSoCal 2016. https://t.co/JypTSoiSte

Wladimir Lyra (@wladlyra) posted a
photo on Twitter

Get the whole picture - and other photos from Wladimir
Lyra

PIC.TWITTER.COM/JYPTSOISTE | BY WLADIMIR LYRA

Like ¥ Comment #» Share
O Paul Ries, John Tumminia and 15 others

Blake Hord It was an honor and a pleasure!
Unlike - Reply - @ 3 - September 22 at 10:42pm
Konstantin Batygin It was a great talk!

Unlike - Reply - @ 3 - September 23 at 7:41am

Jessie Christiansen It was a very clear, professional, composed talk. For a grad
student! Let alone a high school student. Well done.

Unlike - Reply - @ 1 - September 23 at 6:07pm

Wiladimir Lyra Keep an eye on him, folks. This kid will go far. (&%)
Like - Reply - September 25 at 12:56am - Edited







Protoplanetary Disks

PP disk fact sheet

Density: 103 - 10" cm™
(Air: 102 cm3)

Temperature: 10-1000 K

Scale: 0.1-100AU
(1 AU = 1.49 x 10"3cm)

Mass: 103 - 10" M,
(1 Mg,,=2x 1033 q)




Planet-Disk Interaction

ALMA observation: HL Tau
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Planet-disk interaction: gaps, spirals, and vortices.
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Observational evidence: Spirals

SAO 206462

0.5 arcsec =70 AU

Spiral structure

Spiral structure

Muto et al. (2012)
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Spiral arm fitting leads to problems

Analytical spiral fit

Spirals are too wide
hotter (300K) than
ambient gas (50K).
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HD 100546 b —» 1
é Disk Emission

March 31, 2012 A-LOCI

Density wave shaped by planet
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Spiral has little
polarization. Must be
thermal emission at 1000K.

Disk Feature/
Spiral Arm?

Rafikov (2002)
Muto et al. (2012)

Currie et al. (2014)



The strange case of thermal emission in HD 100546

L band (~3.5 um) H band (~1.6 um)

Currie et al. (2014), Currie et al. (2015)



Pinning down the temperature

HD 100546
12[ S ' i
14
o 16
@
S
181
20/
1 2 3 4 5

A (um)

Lyra et al. (2016)

H band



Supersonic Wakes of High Mass Planets
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Shock bores

Shocks (velocity convergence)

Ver/(CsoHo)

0.000 0.025 0.050

0.075

1
0.100

R (AU)

Temperature
T (K)
50. 100. 150. 200. 250. 300. 350. 400.
2i
= |
< 0
N n
-2
2

Lyra et al. (2016)




TE—_ ‘ 'cool
fmd:E/E
E;V-F

. [E4V
cool = fFﬁdA

/ _CVPHTeff

ol = 3073
3 3 1

Teff = T+ \/—+

Radiative transfer approximation

z ()

10940(7)

10g,o(B)



sMidplane Heatsource Distribution
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Radiative Transfer post-processing
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Meridonal Pencil Code Temperature

Midplane Pencil Temperature

Hord et al. (2016, in prep)
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Scattering in Image

Density on Surface of Tau=1
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Light scattered off gap outer edge

Hord et al. (2016, in prep)

“Bird’s eye view”
synthetic image
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Synthetic Images
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A = 3.5 microns (L' Band) A = 1.65 microns (H Band)

Made with 138 degree position angles and 50 degree inclination
angles to match Currie et al. (2014) observations.

Disk scaled by factor of 10 to map T Tauri 5 AU to Herbig Ae 50 AU

Hord et al. (2016, in prep)



Comparison

March 31, 2012

Matching general morphologies

Hord et al. (2016, in prep)
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Prediction for spectroscopy: Turbulent surf
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Conclusions

* Predictions:
* Hot lobes next to high mass planets at high resolution
* High(er) turbulence around the orbit of a high-mass planet

« Shocks from high-mass planets (~> 5 Mjup) is a significant
source of radiation in disks.

» Shocks due to high mass planets better fits to observed spirals.




