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Gaseous Circumstellar Disks in the ONC
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Gaseous Clrcumstellar Disks in the ONC
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Thermochemical Modeling Procedure

e Using the Thermochemical
code RAC2D (Du+14), we:

 Generated a large grid of
model disks as a function of

* Disk dust and gas masses
o UV/X-ray radiation fields

e Disk Sizes

e Viewing Geometry

e Central Stellar Mass

e Fitted a large grid of models
to ALMA continuum
observations + ALMA
observations of CO emission,
CO absorption, and/or HCO+

emission Boyden+22
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Hco-emission Full Modeling Results
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Compact Disks in the ONC

Rgas, co VS. dtoc
CO (3-2)
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Compact Disks in the ONC

200

Typical disk sizes
In lower-mass star-
forming regions
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Gas-Rich Disks in the ONC
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Gas-Rich Disks in the ONC
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Takeaways

. Gaseous Circumstellar Disks

] ] CO (3 - 2) (mJy/beam km/s)  CO (3 - 2) (m)y/beam km/s)
18 the ONC are maSSIVe, ~100-50 0 50 100 ~100-50 0 50 100
compact, and gas-rich ~ | 173-236: best-fit 173-236: ALMA

CO(3-2) observations

ISM-like gas-to-dust ratios:
evidence for reduced CO
depletion in ONC disks

-0.3 -0.1 0.1 0.3 0.3 -0.1 0.1 0.3

Massive gas disks in the €05 2) (miyfbeam kmfe) €O (3 - 2) (miyfbeam ki)
ONC have enough material ~200-100 0 100 200  -200 —100 O 100 200
to form giant, Jupiter-like HC4O1: bestfitmodal | (HC401: ALMESOR-Z

JENEIE

©) C

. Future Work: follow up
ALMA/VLA observations in
ONC, NGC 1977, & NGC 2024

Boyden+22
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Current Research: “completing the census of
proplyds in NGC 2024 and NGC 1977 with the VLA”
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Current Research: “completing the census of
proplyds in NGC 2024 and NGC 1977 with the VLA”

2024

2 — 0.5Myr, hlgher mm
ontinuum disc fr‘actlo‘ :

//-A

New Proplyd

4] -
, O O Boyden+ in prep

RA (J2000) Haworth+21
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“Constraining the Evolution of
Protoplanetary Disks in Clustered SFRs 7

e Thesis Goal: constrain the impact
of the stellar cluster environment
on the molecular gas compositions
of protoplanetary disks
* \What are the typical molecular gas

masses and sizes of disks in clustered
SFRs?

* What are the gas-to-dust ratios?

* Are the molecular gas compositions of |
disks different in clustered vs. lower-
mass star-forming regions?

Credit: ESA
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Treatment of CO absorption

-1.0 -0.5 0.0 05 1.0

Disk + No Background




Treatment of CO absorption

-1.0 -0.5 0.0 05 1.0 —-1.0 -0.5 0.0 05 1.0

Disk + No Background Disk + No Background

Long-baseline
Interferometric
Observations

[d . Ic(l e BTd)
°
Long-baseline

Interferometric
Model Intensity Profile Observations




CO Absorption Example: “7173-236”

CO (3 - 2) (mJy/beam km/s)

—100-50 O 50 100

HEE .

Step 1: Generate
Synthetic Molecular Line
Observations w/ RAC2D

0.1
>
<
0.1

Example: CO (3-2)

0.3 emission of a model disk

03 0.1 0.1 0.3

Ax (")

CO (3 - 2) (mJy/beam km/s)
—200-100 O 100 200

HE e

Step 2: Obtain
Background Cloud
Intensity Measurements

Example: CO (1-0)
emission from Kong+21

-0.3 -0.1 0.1

Ax (")

CO (3 - 2) (mJy/beam km/s)
—-100-50 O 50 100

Step 3: Generate
Simulated Interferometric
Observations of Disks

CO (3 - 2) (mJy/beam km/s)
—-100-50 O 50 100

Step 4: Fit to ALMA
Observations

Example: CO (3-2)
observations of 173-236

-0.1 0.1
AX (n)

*fitting performed on channel maps



Disk Masses & External Photoevaporation

109 i
O o2 MmNy Q] S I B G W, GO SN N N
o 1Myup
zm 10—4_
ONC (Boyden+22) Subset of Massive Gas Disks in the ONC
SIRNGICS R VARSI AP IR AU S MRO S
Vv o™ o MEPR ™ AREIP e VDY VoV D7y
P SR N
Interpretation 1: Modeled, ALMA-
detected gas disks are younger \
than the average cluster member ]
Need increased sample

(Winter+19)

Interpretation 2: External
Photoevaporation has recently

(Qiao+22)

) of gas detections!

begun operating in all of the ONC
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Dynamically Derived Stellar Masses

This Paper
Boyden+20
B15

F16

F16M
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Y
. Dynamically—derlved stellar masses are consistent with
spectroscopically-derived stellar masses
e 100% increase in dynamical masses measurement at

Mstar < 02®

e 100% increase in dynamical masses measurement at <
O.2® < Mstar < O5®

B30

BO%XO00O
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Current Research: “Measuring the Background
Temperature of Orion Nebula Cluster Disks”

Large-scale CO J = 1-0
emission in the ONC
(Kong+21)

oo
W W W
O (0] ~

U
IN

=
o
o
N
—
-
o
=
©
-
O
Qv
O

© & > D D D
PR A PR N L
R O R P ORI

Right Ascension (J2000)




Current Research: “Measuring the Background
Temperature of Orion Nebula Cluster Disks”

New Cycle 8 ALMA
observations will map
large-scale CO J = 3-2
and HCO+ J = 4-3
emission in ONC
(PI: Boyden)
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