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11.

An ALMA Survey of Protoplanetary Disks in Lynds 1641

Sierra L. Grant, Catherine C. Espaillat, John Wendeborn, John J. Tobin, Enrique Macias, Anneliese Rilinger,
Alvaro Ribas, S. Thomas Megeath, William J. Fischer, Nuria Calvet, Kyoung Hee Kim % We present ALMA
observations of 101 protoplanetary disks within the star-forming region Lynds 1641 in the Orion Molecular Cloud A. Our
observations include 1.33 mm continuum emission and spectral windows covering the J=2-1 transition of 2CO, *CO, and
C'®0O. We detect 89 protoplanetary disks in the dust continuum at the 4o level (~88and 31 in 12C0O, 13 in ¥CO, and 4 in
C'®0. Our sample contains 23 transitional disks, 20 of which are detected in the continuum. We target infrared-bright Class
IT objects, which biases our sample towards massive disks. We determine dust masses or upper limits for all sources in our
sample and compare our sample to protostars in this region. We find a decrease in dust mass with evolutionary state. We also
compare this sample to other regions surveyed in the (sub-)millimeter and find that Lynds 1641 has a relatively massive dust
disk population compared to regions of similar and older ages, with a median dust mass of 11.1fi?ég Mg and 27masses equal
to or greater than the minimum solar nebula dust mass value of ~30 Mg. We analyze the disk mass-accretion rate relationship
in this sample and find that the viscous disk lifetimes are similar to the age of the region, however with a large spread. One
object, [MGM2012| 512, shows large-scale (>5000 AU) structure in both the dust continuum and the three gas lines. We discuss
potential origins for this emission, including an accretion streamer with large dust grains.

OMC-A Lynds 1641Ic & £ 101 RIARE RABDALMAER, ¥ X hERK T89, 2COT31, BCOT13, CPOTHE®D
A# %R, 23/101EBBABT20I&EFK TRH > 1,

TR TS W Class IFEICFH, YA NEEZRED D, REERORBE. MBEHELEERL .
—lynds 1641 IFHHBHUAREERSY X SAEN L WDV(FRIEL11.1732° Mg) 27%EMMSN(~ 30 Mg) ERIFEMNENLLE
REDOEE—BEEREBREHN. HMEMAEFHNREBOFHEM TSI EZHASMNIC LT

IMGM2012]512(F %5 X N &EfitK THCORVZ DREAATH>5,000 auDBEN RSN, EBRICODWTERRMLco RER
TANIFOBREERED
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14 An HST Survey of Protostellar Outflow Cavities: Does Feedback Clear Envelopes?

" Nolan M. Habel, S. Thomas Megeath, Joseph Jon Booker, William J. Fischer, Marina Kounkel, Charles
Poteet, Elise Furlan, Amelia Stutz, P. Manoj, John J. Tobin, Zsofia Nagy, Riwaj Pokhrel, Dan Watson %« We
study protostellar envelope and outflow evolution using Hubble Space Telescope NICMOS or WFC3 images of 304 protostars
in the Orion Molecular clouds. These near-IR images resolve structures in the envelopes delineated by the scattered light of the
central protostars with 80 AU resolution and they complement the 1.2-870 micron spectral energy distributions obtained with
the Herschel Orion Protostar Survey program (HOPS). Based on their 1.60 micron morphologies, we classify the protostars into
five categories: non-detections, point sources without nebulosity, bipolar cavity sources, unipolar cavity sources, and irregulars.
We find point sources without associated nebulosity are the most numerous, and show through monochromatic Monte Carlo
radiative transfer modeling that this morphology occurs when protostars are observed at low inclinations or have low envelope
densities. We also find that the morphology is correlated with the SED-determined evolutionary class with Class 0 protostars
more likely to be non-detections, Class I protostars to show cavities and flat-spectrum protostars to be point sources. Using an
edge detection algorithm to trace the projected edges of the cavities, we fit power-laws to the resulting cavity shapes, thereby
measuring the cavity half-opening angles and power-law exponents. We find no evidence for the growth of outflow cavities as
protostars evolve through the Class I protostar phase, in contradiction with previous studies of smaller samples. We conclude
that the decline of mass infall with time cannot be explained by the progressive clearing of envelopes by growing outflow cavities.
Furthermore, the low star formation efficiency inferred for molecular cores cannot be explained by envelope clearing alone.

OMCOJFIREIARAED T Y NO—"F& 7 N7 O—%Hubble Space Telescope [BifRZ W THNTc, WTARIMREIRIEFD
EQELENS TIUNO-—TANDEEZ 80 auDDMERE TR, 1.60 ymDFEREICED S, (1)RRE Q) RIRQ)DERF v ET «
(4HEMRF v ET 1 O)ANRAWICHE, QDR EHI -

SEDM 5SRO T ELERPE & 2 5EICBEEN B D . Classs OIRIBEIZIF & A A E(1)T. Class IE(3)W@(4). flatl(2)

FvET 1 ORE 74y K UIch, BEREDRIICHES F v ET 1 DRRIRBSNAN o feotfbe & b ICERRANE
To2ZEP, BUERASERETY 7 O—F v ET 1 ORRICLZTVRO—TORETE N CRIPTERSZ >,
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Figure 1. The definition of the cavity half-opening angle
used in this paper and in the HO-CHUNK code. The circular
region is the outer radius of the envelope of the protostar in
these models, set to 8000 AU; the parabolic (n = 2) black line
is the adopted boundary of the evacuated outflow cavity. The
central protostar is located at the origin. The cavity half-
opening angle is defined by the angle between the dotted line
intersecting the cavity at 8000 AU above the normal to the
disk and the polar axis.

M (envelope density)
opening angle
inclination angle

Table 1. Parameters used in the model grid described in Section 3.

Parameter

Rstar: Radius of star
Temperature of central star
Mass of central star
Minimum disk radius

Disk Scale height at Rstar *
Maximum envelope radius
Minimum envelope radius
Degree of polynomial shape of cavities
Height of cavity wall at p = 0
Density of the cavity
Ambient cloud density
Minimum radius of outflow
Maximum disk radius
Centrifugal radius

Mass of disk

adisk: Radial exponent in disk density law

Baisk: Vertical exponent in disk density law

Value(s)
2.09 R
4.0 x 10*°K
0.5 Mg
7.00 Rstar
0.018AU
8000 AU
6.85 Rstar
2.0
0 Rstar

Ogcm_3

Ogcm_?’

0.1AU
5, 50, 100, 200 and 300 AU
Always equal to maximum disk radius
0.001, 0.005, 0.01 and 0.05 Mg
2.125 and 2.25

Qgisk — 1

Mass infall rate ®

Half-opening angle of inner cavity wall

Angle of inclination measured from polar axis

1x1077,5x 1077, 1x107% 5% 107%, 1 x 107% and 5 x 107> Mg yr~*
5°,15°, 25° 35° and 45°
1°, 10°, 20°, 30°, 40°, 50°, 60°, 70°, 80° and 90°
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Table 2. Breakdown of F160W morphologies

1000 AU

-

30 40 50 60 70 80
2 Point No Point Total

3 Source Source

-

::;D " Non-detections - 60+3 60+3*

z Point Source” 93+7 - 93+7¢

=

2 Irregular 39 12 51

Q. 100 59/141

g Bipolar Irregular Bipolar 16 15 31

< . ot

O 2 1000 AU OV Total 18447 11043 29441094

Figure 2. A selection of models from the grid used in this work, showing variations in the observed scattered-light morphologies

from models with a mass infall rate of 5 x 107% M yr~!. Note that the contrast between the cavity and the central point source ed g e-on HOPS 333
is highest when observed at an inclination greater than the half-opening angle. Each model is shown with an approximately
8000 by 8000 AU field of view.
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The Extraordinary Outburst in the Massive Protostellar System NGC63341-MM1: Strong
~ Increase in Mid-Infrared Continuum Emission

T. R. Hunter, C. L. Brogan, J. M. De Buizer, A. P. M. Towner, C. D. Dowell, G. C. MacLeod, B. Stecklum, C.
J. Cyganowski, S. J. EI-Abd, B. A. McGuire % In recent years, dramatic outbursts have been identified toward massive
protostars via infrared and millimeter dust continuum and molecular maser emission. The longest lived outburst (> 6 yr) per-
sists in NGC6334I-MM1, a deeply-embedded object with no near-IR counterpart. Using FORCAST and HAWC+ on SOFIA,
we have obtained the first mid-infrared images of this field since the outburst began. Despite being undetected in pre-outburst
ground-based 18 pm images, MM1 is now the brightest region at all three wavelengths (25, 37, and 53 pm), exceeding the ultra-
compact HII region MM3 (NGC6334F). Combining the SOFIA data with ALMA imaging at four wavelengths, we construct a
spectral energy distribution of the combination of MM1 and the nearby hot core MM2. The best-fit Robitaille radiative transfer
model yields a luminosity of (4.9 4 0.8) x 10*Le. Accounting for an estimated pre-outburst luminosity ratio MM1:MM2 =
2.1+£0.4, the luminosity of MM1 has increased by a factor of 16.344.4. The pre-outburst luminosity implies a protostar of mass
6.7 Mg, which can produce the ionizing photon rate required to power the pre-outburst hypercompact HII region surrounding
the likely outbursting protostar MM1B. The total energy and duration of the outburst exceed the S255IR-NIRS3 outburst by
a factor of 2> 3, suggesting a different scale of event involving expansion of the protostellar photosphere (to 2 20 Rg ), thereby
supporting a higher accretion rate (>0.0023 Mg yr~') and reducing the ionizing photon rate. In the grid of hydrodynamic
models of Meyer et al. 2021, the combination of outburst luminosity and magnitude (3) places the NGC63341-MM1 event in
the region of moderate total accretion (~0.1-0.3 M) and hence long duration (~40-130 yr).

NGC6334I-MM1ICE T D77 ~IN—X ks UC HIl region®MM3 &K D £B8% L\ (25, 37, 53 pm)

7 ~N)N—=Z ~EI& Tluminosity 31651, 777 MX—X NETDAES S E. HC HIl regionZ BRENT 2 D ICIHAE 7S
BRI TFEZEHAHET 567 Mg DIRIRE Z RE

TAEETIVICELD E. MMIDOARY N IFR VDR (~40-130F) %= H D
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gAT—%

1. SOFIA G774} Level 4 (FORCAST 25 and 37 pm) and Level 3 (HAWC+ 53 pm)
2. ALMA Band 4, 7, 8,and 9 (2.2, 1.0, 0.76, and 0.43 mm) within 8 months

3‘ Hart R A O )( . '|j3— Tj& % TJ_ Table 2. Multi-wavelength astrometry and photometry
4

Observatory Mean wavelength Resolution Shift applied Flux density® Mean epoch

. P—hAd5—4 () ”) ARA("), ADec(’)  (Jy)

Data taken prior to the outburst

VLT 2.15 0.6 0.0, 0.0° <53x1075  2012.44
Keck 10 0.33 +1.08, —1.59 0.130.01 1999.32
CTIO 18 1.0 +1.65, +0.14 3.49+0.57 1998.50
Keck 18 0.41 +1.08, —1.59 3.4340.35 1999.32
Herschel PACS (HOBYS) 70 5.9 +0.0, —2.0 2260-+452 2010.92
SMA®? (VEX + EXT) 878 0.54x0.28, +9° +0.12, +0.12 14.6+1.6 2008.12
SMA® (VEX) 1326 0.80%0.34, +18° 40.06, 4+0.4 4.0+0.41 2008.63

Data taken since the outburst began in 2015

VVV/VVVX 2.15 0.7—-1.0 0.0, 0.0 <42x107° 2017.15
SOFIA FORCAST 25.3 3.2 +0.5, +0.5 10144129 2019.52
SOFIA FORCAST 37.1 3.5 +0.25, +0.25 3604447 2019.52
SOFIA HAWC+ 53 5.6 +0.5, +0.5 7661£1246 2018.53
ALMA 432 0.31x0.17, —76° 0.0, 0.0 346151 2018.65
ALMA 758 0.31x0.19, 4+89° 0.0, 0.0 65.51+9.7 2018.70
ALMA 1005 0.33x0.28, +61° 0.0, 0.0° 31.7+3.2 2018.38
ALMA 2173 0.32x0.24, —81° 0.0, 0.0 2.9010.29 2018.08

%Value from the apertures shown in Fig. 2, except the Keck 10 and 18 ym measurements, which are only for IRS-I-2.

bAstrometric reference for IR images; the 70 pm astrometry was bootstrapped from point sources in the shifted SOFTA
53 pm image.

®Data from Hunter et al. (2017)
dAugmente(l with extended configuration data from 2007-Aug-23 (2007A-S007) for a projected uv range = 30-577 k.

€ Astrometric reference for SMA images
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Figure 2. (a) ALMA 2.2 mm image with the four primary millimeter sources labeled; (b) ALMA 1.0 mm image; both (a) and
(b) show the ALMA photometry aperture as a yellow contour. (c) spectral index image created from the images in (a) and (b),
with black VLA 5cm contours (0.15, 4.0, 13.2mJy beam™*) from Hunter et al. (2018). (d) and (e) FORCAST 25 and 37 um
images, overlaid with CTIO 18 um contours (smoothed to 172; 0.7, 1.75, 5.6 Jy beam™!). (f) deconvolved 25 um image (~ 2"
resolution) with the 5 cm contours from (c). Fitted 6.7 GHz methanol maser positions from Hunter et al. (2018) are shown on
panels (b) and (f). (g-i) 25, 37, and 53 pm images with the UCHII model removed, cyan contours of the 18 um image smoothed
to the SOFIA image resolutions, and photometry apertures in yellow (scaled in size as described in §3.2). All data were obtained
post-outburst except the 18 um contours in (d,e,g,h,i). Angular resolutions are provided in Table 2.
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Clustered star formation towards Berkeley 87 / ON2. I. Multi-wavelength census and

the population overlap problem

Diego de la Fuente, Carlos G. Roman-Ztniga, Elena Jiménez-Bailoén, Joao Alves, Miriam Garcia, Sean Venus
% (ABRIDGED) Disentangling line-of-sight alignments of young stellar populations is crucial for observational studies of
star-forming complexes. This task is particularly problematic in a Cygnus-X subregion where several components, located
at different distances, are overlapped: the Berkeley 87 young massive cluster, the poorly-known [DB2001] CI05 embedded
cluster, and the ON2 star-forming complex, in turn composed of several HII regions. We aim at providing a methodology
for building an exhaustive census of young objects that can consistently deal with large differences in both extinction and
distance. OMEGAZ2000 near-infrared observations of the Berkeley 87 / ON2 field are merged with archival data from Gaia,
Chandra, Spitzer, and Herschel| as well as cross-identifications from the literature. To address the incompleteness effects and
selection biases that arise from the line-of-sight overlap, we adapt existing methods for extinction estimation and young object
classification, and we define the intrinsic reddening index, Rint, a new tool to separate intrinsically red sources from those
whose infrared color excess is caused by extinction. We also introduce a new method to find young stellar objects based on
Rint. The flexibility of our approach allows to overcome photometric biases in order to obtain homogeneous catalogs of young
sources. As a result, we find 571 objects whose classification is related to recent or ongoing star formation. Together with other
point sources with individual estimates of distance or extinction, we compile a catalog of 3005 objects to be used for further
membership work. A new distance for Berkeley 87, (1673 £ 17) pc, is estimated as a median of 13 spectroscopic members with
accurate Gaia EDR3 parallaxes. Our multi-wavelength census will serve as a basis for disentangling the overlapped populations.

Cygnus-X subregionlc &7 5. RBRARDEKBDDERGD ICKBEEZ. IERNEEUOBAENSERL LD &AM
REBMICHRWREE, BXXICK > TR BT REZYID DT 51EER,ZEERL. BVWEZ R DT 5ARZHEIL
HEWREDHYERNIOT2/EIENTE D, AFERICIDEETELEPEEETDEZS7TIREHKR, BHVRILZ
BERICEED > TcD IR E SO E T3005KED AT OT ZERR U T,
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12 Dlspersal timescale of protoplanetary disks in the low-metallicity young cluster Dolidze

M. G. Guarcello, K. Biazzo, J. J. Drake, G. Micela, L. Prisinzano, S. Sciortino, F. Damiani, E. Flaccomio, C.
Neiner, N. J. Wright % The dispersal of protoplanetary disks sets the timescale available for planets to assemble, and thus
it is one of the fundamental parameters in theories of planetary formation. Disk dispersal is determined by several properties
of the central star, the disk itself, and the surrounding environment. In particular, the metallicity of disks may impact their
evolution, even if to date controversial results exist: in low-metallicity clusters disks seem to rapidly disperse, while in the
Magellanic Clouds some evidence supports the existence of accreting disks few tens of Myrs old. In this paper we study the
dispersal timescale of disks in Dolidze 25, the young cluster in proximity of the Sun with lowest metallicity, with the aim of
understanding whether disk evolution is impacted by the low-metallicity of the cluster. We have analyzed Chandra/ACIS-I
observations of the cluster and combined the resulting source catalog with existing optical and infrared catalogs of the region.
We selected the disk-bearing population and the disk-less population of Dolidze 25. We have derived stellar parameters from
isochrones fitted to color-magnitude diagrams. We derived a disk fraction of about 34existing estimates of the disk fraction of
clusters younger than 10 Myrs, our study suggests that the disk fraction of Dolidze 25 is lower than what is expected from its
age alone. Even if our results are not conclusive given the intrinsic uncertainty on stellar ages estimated from isochrones fitting
to color-magnitude diagrams, we suggest that disk evolution in Dolidze 25 may be impacted by the environment. Given the
poor O star population and low stellar density of the cluster, it is more likely that disks dispersal timescale is dictated more by
the low metallicity of the cluster rather than external photoevaporation or dynamical encounters.

FIRERMBOIEIRENELZED S DICFFSINESREZRET S/c 6, AERMGRICHE WTEANQR/INTA=F,
BEEE 1_iqﬂlb\E\bF‘H”XEENbﬂld)ﬂﬁiﬁﬁé:TJ&?%?’J\ ‘HEOCERE DEELD bh@b\o 5B A

BEEERE TIE. AEBIEIECERT 5? FHAIRIEMagellanic Clouds TlE#+ MyrDEEMRB O RE SN TWS

Dolidze 25 (K5 uL?*bTLEL\E.TE—%%}:}#b\TEEU) DORBDERY 1 AR —)L%Z. Chandra/ACIS-I1ERI & Al #/7R5}
@jw 04 b\bﬂ’\fgﬁﬂﬁ"é%'.) HEIE~34%. VAT —DERIE1.2Myro 10 Myr&DEWI S XY —EHRT S
TEBISFHEENZENEVESE 5.

Dolldze 25lcHlT5H n%bﬁ'ﬂﬁ FREICHESNTND, OBEDIRSIVEEEDESZZEREI L. MEOEIRY ALX
T — . TEEEP EjJE’J MEZETIIRKIBEERBEICK DD TIEEWLD,
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13.

Analysis of physical processes in eruptive YSOs with near infrared spectra and multi-
wavelength light curves

Zhen Guo, P. W. Lucas, C. Contreras Pena, L. C. Smith, C. Morris, R. G. Kurtev, J. Borissova, J. Alonso-
Garcia, D. Minniti, A. -N. Chené, M. S. N. Kumar, A. Caratti o Garatti, D. Froebrich, W. H. Stimson %
The decade-long Vista Variables in the Via Lactea (VVV) survey has detected numerous highly variable young stellar objects
(YSOs). We present a study of 61 highly variable VVV YSOs (AK, = 1-5 mag), combining near infrared spectra from Magellan
and VLT with VVV and NEOWISE light curves to investigate physical mechanisms behind eruptive events. Most sources are
spectroscopically confirmed as eruptive variables (typically Class I YSOs) but variable extinction is also seen. Among them,
magnetically controlled accretion, identified by HI recombination emission (usually accompanied by CO emission), is observed
in 46 YSOs. Boundary layer accretion, associated with FU Ori-like outbursts identified by CO overtone and H2O absorption,
is observed only in longer duration events (>5 yr total duration). However, even in long duration events, the magnetically
controlled accretion mode predominates, with amplitudes similar to the boundary layer mode. Shorter (100-700 days) eruptive
events usually have lower amplitudes and these events are generally either periodic accretors or multiple timescale events,
wherein large photometric changes occur on timescales of weeks and years. We find that the ratio of amplitudes in K and W2
can distinguish between variable accretion and variable extinction. Several YSOs are periodic or quasi-periodic variables. We
identify examples of periodic accretors and extinction-driven periodicity among them (with periods up to 5 yr) though more
data are needed to classify some cases. The data suggest that dynamic interactions with a companion may control the accretion
rate in a substantial proportion of eruptive systems, although star-disc interactions should also be considered.

STEDZEL DL LWV YSOs (AK=1-5 mag)ic 2 W\WT. BEARY NDESERDYEEFAN

46 YSOD' S ISHIBESBENRE S 1. BISHTENBEENER S iz, KsEW2DIRIED LAY, variable accretion&
variable extinctionZt ] D T2 DICEWEBEZ E KR,

FENLBZEBZT20DEH o c(mASF), HEEDHFHNBEEERANEERZHIHLTWS &ZRKR, LA L.
E—MBEOHEEREZEZDBEND B,
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15.

Discovery of an Edge-on Circumstellar Debris Disk Around BD+45°598: a Newly Iden-
tifed Member of the  Pictoris Moving Group

Sasha Hinkley, Elisabeth C. Matthews, Charléne Lefevre, Jean-Francois Lestrade, Grant Kennedy, Dimitri
Mawet, Karl R. Stapelfeldt, Shrishmoy Ray, Eric Mamajek, Brendan P. Bowler, David Wilner, Jonathan
Williams, Megan Ansdell, Mark Wyatt, Alexis Lau, Mark W. Phillips Jorge Fernandez Fernandez, Jonathan
Gagné, Emma Bubb, Ben J. Sutlieff, Thomas J. G. Wilson, Brenda Matthews, Henry Ngo, Danielle Piskorz,
Justin R. Crepp, Erica Gonzalez, Andrew W. Mann, Gregory Mace % We report the discovery of a circumstellar
debris disk viewed nearly edge-on and associated with the young, K1 star BD+45°598 using high-contrast imaging at 2.2um
obtained at the W.M. Keck Observatory. We detect the disk in scattered light with a peak significance of ~50 over three
epochs, and our best-fit model of the disk is an almost edge-on ~70 AU ring, with inclination angle ~87°. Using the NOEMA
interferometer at the Plateau de Bure Observatory operating at 1.3mm, we find resolved continuum emission aligned with the
ring structure seen in the 2.2um images. We estimate a fractional infrared luminosity of Lir/Liot =~ 673 x107*, higher than
that of the debris disk around AU Mic. Several characteristics of BD+45°598, such as its galactic space motion, placement in
a color-magnitude diagram, and strong presence of Lithium, are all consistent with its membership in the g Pictoris Moving
Group with an age of 2343 Myr. However, the galactic position for BD+4+45°598 is slightly discrepant from previously-known
members of the [ Pictoris Moving Group, possibly indicating an extension of members of this moving group to distances of
at least 70pc. BD-+45°598 appears to be an example from a population of young circumstellar debris systems associated with
newly identified members of young moving groups that can be imaged in scattered light, key objects for mapping out the early
evolution of planetary systems from ~10-100 Myr. This target will also be ideal for northern-hemisphere, high-contrast imaging
platforms to search for self-luminous, planetary mass companions residing in this system.

2.2 um®high-contrast imaginglc & D, FHWEK1 star BD+45°598IC B8 % IF [Xedge- on037—“‘7 D Hﬁ%%ﬁm ~70 au®
2/7(@ #-87°, NOEMA 1.3mm<clJ > L,mnﬁm,&m%ﬁﬁmo Lig/Lio 6><1O *TAUMicBD D77 1 )HEELD
WMEZERU 7o BER 4 & Pictoris Moving Group(~23 Myr)®D X > UR—E 5;&3'%)75\ HARAN TDAIE IFOT DM

0-100 MyrDRERDHHIE(L ZASMNC T S ETEBRRBRREEWVWZ, ZDRICHFET DREEE DcompanionZz I It
ERDhigh-contrast imaging platform & beEME’]
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17.

Long-term V(RI). CCD photometry of pre-main-sequence stars in the association Cepheus
OB3

Sunay Ibryamov, Gabriela Zidarova, Evgeni Semkov, Stoyanka Peneva % Results from optical CCD photometric
observations of 13 pre-main-sequence stars collected during the period from February 2007 to November 2020 are presented.
These stars are located in the association Cepheus OB3, in the field of the young star V733 Cephei. Photometric observations,
especially concerning the long-term variability of the stars, are missing in the literature. We present the first long-term V(RI).
monitoring for them, that cover 13 years. Results from our study indicate that all of the investigated stars manifest strong
photometric variability. The presented paper is a part of our program for the photometric study of PMS stars located in active
star-forming regions.

Cepheus OB3IC & % 13D FIERFIEDCCD RIXEADIER(2007F28 1 52020511 8)
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18 MRI-active inner regions of protoplanetary discs. 1. A detailed model of disc structure
Marija R. Jankovic, James E. Owen, Subhanjoy Mohanty, Jonathan C. Tan % Short-period super-Earth-sized planets
are common. Explaining how they form near their present orbits requires understanding the structure of the inner regions of
protoplanetary discs. Previous studies have argued that the hot inner protoplanetary disc is unstable to the magneto-rotational
instability (MRI) due to thermal ionization of potassium, and that a local gas pressure maximum forms at the outer edge of
this MRI-active zone. Here we present a steady-state model for inner discs accreting viscously, primarily due to the MRI. The
structure and MRI-viscosity of the inner disc are fully coupled in our model; moreover, we account for many processes omitted
in previous such models, including disc heating by both accretion and stellar irradiation, vertical energy transport, realistic
dust opacities, dust effects on disc ionization and non-thermal sources of ionization. For a disc around a solar-mass star with
a standard gas accretion rate (M ~10"*Mgyr~ ') and small dust grains, we find that the inner disc is optically thick, and the
accretion heat is primarily released near the midplane. As a result, both the disc midplane temperature and the location of
the pressure maximum are only marginally affected by stellar irradiation, and the inner disc is also convectively unstable. As
previously suggested, the inner disc is primarily ionized through thermionic and potassium ion emission from dust grains, which,
at high temperatures, counteract adsorption of free charges onto grains. Our results show that the location of the pressure
maximum is determined by the threshold temperature above which thermionic and ion emission become efficient.

}EHAsuper-Earth sizeDBRENED L S ICTEeh . RIAXRERABRAMBEBOESIERENDE
=aRAIEE TlE. MRIANZEMRICAZE T, MRl-active zoneDMMiledge TEFTH AEHIMBRKICLR S

REIFEAMRIC & > THEBET 3 EERETTILEE LR S OREHC & 2 M8EMN%, EEHAORTILF—8i%.
REMRS X hopacity. FIREMLIRNLBHENDS X N DEELR EEE)

SAGEEREDERD OAEM ~ 1078 Moyr™, /NS WF I MITF)ORAIRRIEAFHNICELS . BENREHOEMNT
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