Adolescent astronoix
Planet formatiQg
early-caree

ONOoM

O. Balme

dent Graduate Student
Amherst College Johns Hopkins UnlverS|t
UMassAstronomy Club Publlc Tall

20 ApP2021 (nice)
Thanks to SaraBetti for slideshow content

@amail.co
astrowill.page



mailto:sbetti@umass.edu

What do we mean when we say exoplanet?

Planets & Brown Stars
Exoplanets Dwarfs (Fueled by Nuclear Fusion)

Up to ~13x ~13x to 80x Over ~80x
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NASA/JRCaltech/R. Hurt (IPAC)



Mass (Earth masses)
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‘Takeaways
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Most exoplanetsdiscoveredare not young

S T Most are:
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Howdo exoplanets form & how do we detect
them during their formation?

a) Can it tell us anything about how our solar system formed?
b) Can it explain the variety of exoplanets already discovered?
a) & { dz20opiddE > G-9 HZNIR#ER € =



2. Clumps
~ begin to form
‘within the
cloud.

1. Giantcloud
ofgasanddust
In interstellar
space.

3. Dense cores,
precursorsto
& stars, form

~ within clumps.

from the disks Cf(fi*
forming a solar

system. 4. Cores condense mto

=~ young stars surrounded b
. ~j-j' }
- dusty disks.

- Credit:Bill Saxton, NRAO/AUI/NSF |



Star (and Planet) Formation
THEORY OBSERVATION
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The amateur eye view of planet formation










Gas: 9% 4

Dust~1%

Grains get trapped and . .
combinetogdorm " e T
planetesimals. - e

Smaller grains are
swept up by
‘the gas

| Larger grains
\ G drift inward

Planet cores grow by
accreting planetesimals
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NASA/FUSE/Lynette Cook



Output

terrestrial planet

gas giant

Formation

Venturini+2

Growth in
region of the
disc with little
solids

Core formation
by solid
accretion
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Detection Method 1. Disks as
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ALMA

1. Gaps carved by planets

DSHARP/Andrews+2018



Spiral/Cavity/Rings=> Giant Planets

infall (drives GI)

massive

% planet

\
épirals

Andrews 2020

_ cavity

/"/ / rings

mass-loss in winds

[ o8 oo

photoevaporative/MHD
winds clear central cavity.

giant planets (+vortex)
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overlapping gaps
clear central cavity

Gaps/Rings => LeMass Planets

gaps
rings =2 & g A
/(

zonal flows

B-field concentrations
+ MHD winds S~ _

low-mass planet(s)

HRBEFRG 00 Amu'unya

spiral wave shocks

~—/
or additional planets



Surface Brightness x (r/05)? Surface Brightness Ratio
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You can watch a spiral arm move over time to -5
determine whether an unseen planet could be
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Detection method 2: Direct imaging
of (Proto)Planets



Obstacle High Contrast

Host star Is bright 1-2 million times brightethan planet.
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1-2 million times fainter




Solutions to high contrast

- Coronagraphs: block the light from the star physically
- Differential Imaging: model and remove the starlight
computationally

o

E = median(D)




ObstaclesResolution
Planets orbit close to their
hosts; when host is far away,
angular distance decreases
drastically

(imgY w2o0SNI 2 &




Solutions to resolution:
Adaptive optics & big telescopes

1.5

0.5 The Galactic Center at 2.2 microns

Image distorted
by turbulence
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Result:
HR 8799,

Directly imaged
glant planets

2009-07-31

Jason Wang /
Christian Marois




ReSUIt: Forming, you say?
PDS 70,

forming gas
glants observed
within a disk gap

Img ESO/A. Mller et al.









Proto-planets are actively accreting matdriand accretion

drives line emission :0
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Slide credit: Kate Follette | l Hydrogen gas

Hydr

bgen

wavelength

Hydrogen gas falls
onto star,
gravitational PE
converted to KE
converted to heat,

. heated hydrogen

becomes optically
thin, emits line
emission



Simultaneous Differential Imaging

ContinuumH-alpha
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The posterchildren: accreting protoplanets PDS 70 b

20 June 2018

H-alpha image shows excess in two locations
coincident with NIR locations; the planets are emitting

line emission!

They must therefore be pulling gas and dust from the
disk environment onto their surfaces, and growing in

mass




What do we mean when we sayrectly imaged companiéh

Brown Dwarf Gliese 229B

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA




The orbit and Ha variability of HD 1425278

William Balmer' (wobalmer@gmail.com), Kate Follette!, Jared R. Males?, Laird M. Close?,
Katie Morzinski?, Alycia Weinberger?
1. Department of Physics and Astronomy, Amherst College, 2. Steward Observatory, Univ. of Arizona, 3. Carnegie Inst. Of Washington

Target System: HD 142527 Recent Results
Orbit approaching

Can the ~13AU companion HD 142527B be periastron Most complete orbit fit to-date

Responsible for the >100AU gap?

Object HD 142527 A HD 1425278 =
mm grains{Gontours)
" 205 Mg [1] 0.11 Mg [2] N
M 167 Moy~ [1] 1e-10Mgyr™" [3]
Spectral Type | Herbig F6lll [1] M6V [2]
Age 5 Myr [1) hyr (2]

We

Questions:

4 What carves the largest cavity observed in a
circumstellar disk to-date?

2 If the orbit of tho companion is eccentric + inclined from [4]
at ~90deg w.r.t. the disk, then it could be solely
responsibla for carving the lge (~100au) cavly 6]

therwi would be unlikely that it could carve the

cavity tself [s] and therefore there must be another
mechanism (unseen planets?) _—lle 3 g T i i

& The accretion of A is variable on short timescales [1 - = Ty + Fpec
Is the companion’s accretion variable? 1

This work:

2 Direct imaging the very-loa-mass embedded If close in
accreting companion at Ha using VisAQO .

J Dclcrmmlng the orbit of the companion orbitis L to

companion's Haexcess  disk, single

nion enables a clear i

detection thraugh ADI wil current generation of companion

AQ and enables PSF subtraction parameter generates

exploration (see Folette, Adams et al.'s poster) gap

s e
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The inclination angle of the outer disk was
measured to be 28° [8], while the inner disk is
potentially inclined w.r.t. the outer disk, this
remains to be shown for certain [9]. Our results
indicate that the companion has an inclination of
~130° and is therefore nearly polar to the
outer disk, which supports the conclusions
of Price et al. [5]. Our orbit fits using orbitize!
[10] validate those of Claudi et al. [2]. Validating
the position of the companion in visible light is
non-trivial and shows promise for future
observations of close-in companions at visible

Inclination
peaks at
130°

Observations 1 preprocessed with IDL & python (VisAO PSF right) -
0 5 years of observations of HD1425278 in SDI | 4 Stariignt sublraction companion forward madling {bottom wavelengths [11]. Soon, photometric calibration ¥
fight) using pyKLIP BKA [7] S of our pyKLIP recoveries will allow us to monitor

mode {2013-2018)

U VisAO Spectral Differential Imaging (SDI) mode
uses beamsplitter (o creale two simultaneous
images in Ha and nearby continuum fiters

0 MagAO adaplive oplics miligates almosphere

ometric calibration of VisAO conducted using
ium cluster il with orbitize!
7.9

east] and uau

the accretion variability of the companion and
determine whether it is as variable on short
timescales as the primary.
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Disk

(light from A removed)

HD 142527 system

HD 142527A (F6V type, 3\ is the central host star of

this young, complex solar system

Surrounded by a disk

Companion (HD142527B) discovered within cavity
Orbits A ata distance of $3AU
M type star, ~0.1MSun (tiny compared to A)
Currently growing in mass by pulling gas from disk
onto surface §ccreting
Likely sculpting the didie someextent (ut to

what extenf?) B

(light from A removed)




My science questions

Is the companion solely responsible for carving
this cavity?

If it is on a polar orbit (w.r.t the outer disk— pe——

it may be solely responsible for the cavity
(Price et al. 2018)

If not: l

Are there additional planets that could
help carve the gap?

Is it carved by some stellar
phenomena?

ooy

Determine the orbit of the companion to find out! Img: Price et al. 2018



Result: Spectral Differential Imaging

Continuum




Result: Forward modeling

Best-fit Model Residuals
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Result: Most complete orbit fit talate
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Close in (as expected)
/ Range of eccentricities

ON (how far out does it
& go? Will have a better
o O\’b( idea soonc as me
6(’6((\ 3’&9 about calibrating the
.‘3\9 An0° telescope)
\
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e g ) . Disk is at 30 deg

so 12030 = 90

ecc

My future work includes
finishing the orbit fitting
analysis, submitting my thesis,
writing up the paperetc

inc[°]




What does researchctually looKike?

Obscure Error

or message you tried to display is too incomprd
ething more human-readable.

@ The program at 0x0f43df5a referenced memory at 0x00000000. The memory could not be 'read".

Press OK to terminate the application.
Press Cancel to debug the application, which you probably won't do.

Critical Error
I help Microsoft by expanding it.
arning

Analysis result:

or

You are pregnant.

Abart | Retry Ignore Error 109:

aint Error Error 108

Operation completed successfully,
There must be something wrong.

Error 404: File not found.

|
Continue Quit

for detals on invoking ~
stead of this dialog box

Internet Explorer will be terminated.

[ 4Exception: Gouid —
N pee Exclusivel
or{Strng path. Fie
or{Strng path, File
ctor(Sting KeyPath



