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47 Survival of the long-lived inner disk of PDS 70

Paola Pinilla, Myriam Benisty, Rens Waters, Jachan Bae, Stefano Facchini % The K7 T Tauri star PDS 70
remains the best laboratory for investigating the influence of giant planet formation on the structure of the parental
disk. One of the most intriguing discoveries is the detection of a resolved inner disk from ALMA observations that
extends up to the orbit of PDS 70b. It is challenging to explain this inner disk because most of the dust particles
are expected to be trapped at the outer edge of the gap opened by PDS 70b and PDS 70c. By performing dust
evolution models in combination with radiative transfer simulations that match the gas disk masses obtained from
recent thermo-chemical models of PDS 70, we find that when the minimum grain size in the models is larger than
0.1pm, there is an efficient filtration of dust particles, and the inner disk is depleted during the first million year of
dust evolution. To maintain an inner disk, the minimum grain size in the models therefore needs to be smaller than
0.1pgm. Only when grains are that small are they diffused and dragged along with the gas throughout the gap opened
by the planets. The small grains transported in the inner disk grow and drift into it, but the constant reservoir of dust
particles that are trapped at the outer edge of the gap and that continuously fragment allows the inner disk to refill on
million-year timescales. Our flux predictions at millimeter wavelength of these models agree with ALMA observations.
These models predict a spectral index of 3.2 in the outer and 3.6 in the inner disk. Our simple analytical calculations
show that the water emission in the inner disk that was recently observed with the James Webb Space Telescope may
originate from these ice-coated small grains that flow through the gap, grow, and drift toward the innermost disk
regions to reach the water snowline.
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Fig. 1. Results from dust evolution models for the PDS 70 disk. Specifically, dust density distributions after 1 Myr (top panels) and 10 Myr (bottom
panels) of evolution as a function of grain size (y-axis) and distance from the star (x-axis). The difference in simulations 1s the minimum grain size
in the 1nitial dust size distribution, that 1s, decreasing from the left to the right column. The y-axis 1s different for each column because the grain

size grid depends on the initial grain size that is assumed (given in the title of each column).
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Fig. 4. Comparison between models and ALMA observations of PDS 70. Left panel: ALMA dust continuum emission at 855 um from Benisty
et al. (2021) vs. synthetic 1mages at the same wavelength taking the models of Fig 1 after 1 Myr of evolution. The beam for the synthetic 1mages
1s assumed to be as in the observations, 1.e., ~0.046”x0.36 with a position angle of 51.5°.
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observations in Band 7 (Fig. 4).
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53. Multiple Outflows around a Single Protostar IRAS 15398—-3359

Jinshi Sai, Hsi-Wei Yen, Masahiro N. Machida, Nagayoshi Ohashi, Yusuke Aso, Anae¢lle J. Maury, Sébastien
Maret % We present the results of our mosaic observations of a single Class 0 protostar IRAS 15398—3359 with
Atacama Compact Array (ACA) in the CO J = 2-1 line. The new observations covering a ~ 2’ square region revealed
elongated redshifted and blueshifted components, which are located at distances of ~ 30”-75" on the northern and
southern sides of the protostar, respectively, in addition to the previously observed primary and secondary outflows.
These elongated components exhibit Hubble-law like velocity structures, i.e., an increase of velocity with increasing
distance from the protostar, suggesting that it is the third outflow associated with the protostar. Besides, a new
redshifted component is detected at radii of ~ 40”-75" on the northwestern side of the protostar. This redshifted
component also exhibits a Hubble-law like velocity profile, which could be the counterpart of the secondary outflow
mostly detected at blueshifted velocities in a previous study. The three outflows are all misaligned by ~ 20-90°, and
the dynamical timescale of the primary outflow is shorter than those of the other outflows approximately by an order
of magnitude. These facts hint that the outflow launch direction has significantly changed with time. The outflow
direction may change if the rotational axis and the magnetic field are misaligned, or if the dense core is turbulent. We
favor the second scenario as the origin of the multiple outflows in IRAS 15398—3359 based on a comparison between
the observational results and numerical simulations.
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(a) High- and (b) low-velocity components of the CO J =2-1 emission. Red and blue colors show redshifted and

blueshifted components, respectively. The LSR velocity range of each velocity component is shown in the top left corners in units
of km s~'. Contour levels are 3, 6, 12, 24, ... xo, where 1o is the rms noise level. The rms of each map is 0.16 Jy beam ™' for the

high-velocity redshifted and high-velocity blueshifted
and 0.46 Jy beam™ ' for the low-velocity blueshifted
ellipses at the bottom left corners indicate the synt]

directions of the position-velocity (PV) cuts.

component.

| components, 0.20 Jy beam ™! for the low-velocity redshifted component,
The central crosses denote the protostellar position. The

hesized beam size of 77 x 471 (87°).

The dashed lines in panel b show
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Figure 3. PV diagrams of the CO J =2-1 emission cut toward the (a) SB and (b) NR1 components. Contour levels are from 3,
6, 12, 24, ... xo, where 1o is 0.13 Jy beam™*. Black dots are data points tracing 50 contours that are used to fit the wind-driven
shell model. Most of error bars of the data points are smaller than the marker size. Black curves show velocity structures of
the best-fit wind-driven shell models. The vertical and horizontal bars at the bottom left corners indicate the synthesized beam
size of 77 x 4”1 (87°) and the velocity resolution of 0.16 km s~'. The vertical and horizontal dashed lines denote the systemic

velocity of 5.4 km s~ ' and the protostellar position, respectively.
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Table 1. Results of Wind-driven Shell Model Fitting Table 2. Lengths, Velocities and Dynamical Timescales of the
Outflow Lobes

LObeS C SlIlZ vo Z Lobes rco Umax,LSR Umax,rel T(/jyn Tdyn
(km S_l) (O) (au) (km s_l) (km S_l) (1()4 yT) (104 yT)
SB 0.814+0.02 0.1129 +0.0004 71.83+0.05 >B < 12,000  1.72 3.68 <15 2049
> > >
NR1 1.24+0.02 0.1017 & 0.0006 74.24 4 0.12 NRL 212,000 812 22 221 2059
NR2 > 12,000 7.32 1.92 > 3.0 > 1.1
NR2 0.89+0.02 0.0542 +0.0016 69.75+0.71

NOTE—T4yn and 73,, are the dynamical timescales with and
without inclination-angle correction, respectively, and 7qyn =
Tayn/ tani.
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Figure 7. Summary of the configurations of the multiple
outflows and the possible orientations of the magnetic field
and the angular momentum vector of the dense core on the
plane of the sky. Lobes drawn with solid and dashed curves
indicate the redshifted and blueshifted components of the
outflows, respectively.
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Figure 8. Histograms of the mass, non-thermal velocity, and the ratio of the turbulence energy to the gravitational energy of
the dense cores in the Perseus star forming region from left to right, which are referred from Kirk et al. (2007). Vertical lines

show the parameters for the dense core of IRAS 15398 and grey shaded area indicate their uncertainties. Non-thermal velocities
are measured with the FWHM of the C*®*0O J = 2-1 spectrum for both Perseus dense cores and the dense core of IRAS 15398.



49.

Observations of spiral and streamer on a candidate proto-brown dwarf

B. Riaz, D. Stamatellos, M. Machida Y Spirals and streamers are the hallmarks of mass accretion during the early
stages of star formation. We present the first observations of a large-scale spiral and a streamer towards a very young
brown dwarf candidate in its early formation stages. These observations show, for the first time, the influence of
external environment that results in asymmetric mass accretion via feeding filaments onto a candidate proto-brown
dwarf in the making. The impact of the streamer has produced emission in warm carbon-chain species close to the
candidate proto-brown dwarf. Two contrasting scenarios, a pseudo-disk twisted by core rotation and the collision of
dense cores, can both explain these structures. The former argues for the presence of a strong magnetic field in brown
dwart formation while the latter suggests that a minimal magnetic field allows large-scale spirals and clumps to form
far from the candidate proto-brown dwarf.
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Figure 1. (a-b) ALMA 1.16 mm continuum image. (¢) ALMA HCOT (3-2) spectrum. Dashed line marks the Vg, for Ser-emb 16. (d) The moment 8 maps of
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Simultaneous FUV and NUYV observations of T Tauri stars with UVIT /AstroSat: prob-
ing accretion process in young stars

Prasanta K. Nayak, Mayank Narang, P. Manoj, Uma Gorti, Annapurni Subramaniam, Nayana George, Chayan
Mondal % We present results from simultaneous FUV and NUV observations of T-Tauri stars (T'TSs) in the Taurus
molecular cloud with UVIT /AstroSat. This is the very first UVIT study of TTSs. From the spectral energy distribu-
tion of TTSs from FUV to IR, we show that classical TTSs (CTTSs) emit significantly higher UV excess compared to
weak-line TTSs (WTTSs). The equivalent black-body temperatures corresponding to the UV excess in CTTSs (> 10*
K) are also found to be relatively higher than that in WTTSs (< 8500 K). From the UV excess, we have re-classified
two WTTSs (BS Tau, V836 Tau) as CTTSs, which has been supported by the follow-up optical spectroscopic study
using the Himalayan Chandra Telescope (HCT), showing strong Ha line emission. We find that CTTS show strong
excess emission in both FUV (>107) and NUV (>10%) bands, while WT'TS show strong excess only in the FUV
(<10°), suggesting that excess emission in NUV can be used as a tool to classify the TTSs. We also find a linear
correlation between UV luminosity (a primary indicator of mass accretion) and Ha luminosity (a secondary indicator
of mass accretion) with a slope of 1.2140.17 and intercept of 2.184+0.56.

Episodic eruptions of young accreting stars: the key role of disc thermal instability due
to Hydrogen ionisation

Sergei Nayakshin, Fernando Cruz Saenz de Miera, Agnes Kospal, Aleksandra Calovic, Jochen Eisloffel, Douglas
N. C. Lin % In the classical grouping of large magnitude episodic variability of young accreting stars, FUORs outshine
their stars by a factor of ~ 100, and can last for up to centuries; EXORs are dimmer, and last months to a year. A disc
Hydrogen ionisation Thermal Instability (TI) scenario was previously proposed for FUORs but required unrealistically
low disc viscosity. In the last decade, many intermediate type objects, e.g., FUOR-like in luminosity and spectra but
EXOR-like in duration were found. Here we show that the intermediate type bursters Gaia20eae, PTF14jg, Gaial9bey
and Gaia2lbty may be naturally explained by the TT scenario with realistic viscosity values. We argue that T1I predicts
a dearth (desert) of bursts with peak accretion rates between M ~ 10~6M /yr and M ~ 1075Myg /yr, and that this
desert is seen in the sample of all the bursters with previously determined M burst. Most classic EXORs (FUORs)
appear to be on the cold (hot) branch of the S-curve during the peak light of their eruptions; thus TI may play a role
in this class differentiation. At the same time, T1T is unable to explain how classic FUORs can last for up to centuries,
and over-predicts the occurrence rate of short FUORs by at least an order of magnitude. We conclude that TT is a
required ingredient of episodic accretion operating at R < 0.1 au, but additional physics must play a role at larger
scales. Knowledge of TI inner workings from related disciplines may enable its use as a tool to constrain the nature
of this additional physics.

The Effect of Starspots on Spectroscopic Age and Mass Estimates of Non-Accreting
T Tauri Stars in the Taurus-Auriga Star Forming Region

Facundo Pérez Paolino, Jeffrey S. Bary, Lynne A. Hillenbrand, Madison Markham % Accurate age and mass
determinations for young pre-main sequence stars are made challenging by the presence of large-scale starspots. We
present results from a near-infrared spectroscopic survey of ten T-Tauri Stars in Taurus-Auriga that characterize
spot filling factors and temperatures, the resulting effects on temperature and luminosity determinations, and the
consequences for inferred stellar masses and ages. We constructed composite models of spotted stars by combining
BTSettl-CIFIST synthetic spectra of atmospheres to represent the spots and the photosphere along with continuum
emission from a warm inner disk. Using a Markov-Chain Monte-Carlo algorithm, we find the best-fit spot and
photospheric temperatures, spot filling factors, as well as disk filling factors. This methodology allowed us to reproduce
the 0.75-2.40 micron stellar spectra and molecular feature strengths for all of our targets, disentangling the complicated
multi-component emission. For a subset of stars with multi-epoch observations spanning an entire stellar rotation, we
correlate the spectral variability and changes in the filling factors with rotational periods observed in K2 and AAVSO
photometry. Combining spot-corrected effective temperatures and Gaia distances, we calculate luminosities and use
the Stellar Parameters of Tracks with Starspots (SPOTS) models to infer spot-corrected masses and ages for our
sample of stars. Our method of accounting for spots results in an average increase of 60% in mass and a doubling in
age with respect to traditional methods using optical spectra that do not account for the effect of spots.
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Chemical differentiation and gas kinematics around massive young stellar objects in
RCW 120

K. V. Plakitina, M. S. Kirsanova, S. V. Kalenskii, S. V. Salii, D. S. Wiebe % We present results of a spectral
survey towards a dense molecular condensation and young stellar objects (YSOs) projected on the border of the HII
region RCW 120 and discuss emission of 20 molecules which produce the brightest lines. The survey was performed
with the APEX telescope in the frequency range 200 — 260 GHz. We provide evidences for two outflows in the dense
gas. The first one is powered by the RCW 120 S2 YSO and oriented along the line of sight. The second outflow
around RCW 120 S1 is aligned almost perpendicular to the line of sight. We show that area with bright emission of
CH3OH, CH3CCH and CH3CN are organised into an onion-like structure where CH3CN traces warmer regions around
the YSOs than the other molecules. Methanol seems to be released to the gas phase by shock waves in the vicinity
of the outflows while thermal evaporation still does not work towards the YSOs. We find only a single manifestation
of the UV radiation to the molecules, namely, enhanced abundances of small hydrocarbons CCH and c-C3Hs in the
photo-dissociation region.

Bayesian characterization of the young open cluster NGC 6383 using HDBSCAN and
Gaia DR3

L. M. Pulgar-Escobar, N. A. Henriquez-Salgado % This study focuses on determining the characteristics of the
young open cluster NGC 6383. To achieve this, the HDBSCAN clustering algorithm is utilized to identify potential
cluster members based on proper motions and parallaxes from Gaia Data Release 3. Various parameters of NGC 6383,
such as tidal radius, core radius, distance through parallax and isochrone-fitting, proper motion, age, metallicity,
and relevant others, are assessed. To perform this analysis, we utilize an extension of Hamiltonian Monte Carlo, the
No-U-Turn Sampler. The results of this analysis point out that NGC 6383 is a very young open cluster (~ 1 —4 Myr),
with a distance of ~ 1.1 kpc.

Mass assembly in massive star formation: a fragmentation study of ATLASGAL clumps
Jagadheep D. Pandian, Rwitika Chatterjee, Timea Csengeri, Jonathan P. Williams, Friedrich Wyrowski, Karl
M. Menten % The mass assembly in star forming regions arises from the hierarchical structure in molecular clouds
in tandem with fragmentation at different scales. In this paper, we present a study of the fragmentation of massive
clumps covering a range of evolutionary states, selected from the ATLASGAL survey, using the compact configuration
of the Submillimeter Array. The observations reveal a wide diversity in the fragmentation properties with about
60% of the sources showing limited to no fragmentation at the 2" scale, or a physical scale of 0.015 - 0.09 pc. We
also find several examples where the cores detected with the Submillimeter array are significantly offset from the
clump potential suggesting that initial fragmentation does not result in the formation of a large number of Jeans mass
fragments. The fraction of the clump mass that is in compact structures is seen to increase with source evolution.
We also see a significant correlation between the maximum mass of a fragment and the bolometric luminosity of the
parent clump. These suggest that massive star formation proceeds through clump fed core accretion with the initial
fragmentation being dependent on the density structure of the clumps and/or magnetic fields.



46 Physical Properties and Kinematics of Dense Cores Associated with Regions of Massive

Star Formation from the Southern Sky

L. E. Pirogov, P. M. Zemlyanukha, E. M. Dombek, M. A. Voronkov % The results of spectral observations in the
~ 84 — 92 GHz frequency range of six objects in the southern sky containing dense cores and associated with regions
of massive stars and star clusters formation are presented. The observations were carried out with the MOPRA-22m
radio telescope. Within the framework of the local thermodynamic equilibrium (LTE) approximation, the column
densities and abundances of the H'¥CN, H3CO*, HN'3C, HC3N, c-C3Hs,, SiO, CH3CoH and CH3CN molecules are
calculated. Estimates of kinetic temperatures (~ 30 —50 K), sizes of emission regions (~ 0.2—3.1 pc) and virial masses
(~ 70 — 4600 M) are obtained. The line widths in the three cores decrease with increasing distance from the center.
In four cores, asymmetry in the profiles of the optically thick lines HCO™(1-0) and HCN(1-0) is observed, indicating
the presence of systematic motions along the line of sight. In two cases, the asymmetry can be caused by contraction
of gas. The model spectral maps of HCO™'(1-0) and H3CO™(1-0), obtained within the framework of the non-LTE
spherically symmetric model, are fitted into the observed ones. The radial profiles of density (oc r—1%), turbulent
velocity (o< 7792), and contraction velocity (o< r%®) in the G268.42-0.85 core have been calculated. The contraction
velocity profile differs from that expected both in the case of free fall of gas onto a protostar (o< r=%), and in the
case of global core collapse (contraction velocity does not depend on distance). A discussion of the obtained results is
provided.

48, Benchmarking the IRDC G351.77-0.53: Gaia DRJ3 distance, mass distribution, and star
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formation content

S. D. Reyes-Reyes, A. M. Stutz, S. T. Megeath, Fengwei Xu, R. H. Alvarez-Gutiérrez, N. Sandoval-Garrido, H.
-L. Liu % While intensively studied, it remains unclear how the star formation (SF) in Infrared Dark Clouds (IRDCs)
compares to that of nearby clouds. We study G351.77-0.53 (henceforth G351), a cluster-forming filamentary IRDC.
We begin by characterizing its young stellar object (YSO) content. Based on the average parallax of likely members,
we obtain a Gaia distance of ~ 2.040.14 kpc, resolving the literature distance ambiguity. Using our Herschel-derived
N(Hz) map, we measure a total gas mass of 10200 M, (within 11 pc?) and the average line-mass profile of the entire
filament, which we model as A = 1660(w/pc)®52 Mg pc™!. At w < 0.63 pc, our X profile is higher and has a steeper
power-law index than A profiles extracted in Orion A and most of its substructures. Based on the YSOs inside the
filament area, we estimate the SF efficiency (SFE) and SF rate (SFR). We calculate a factor of 5 incompleteness

correction for our YSO catalog relative to Spitzer surveys of Orion A. The G351 SFE is ~ 1.8 times lower than that of
Orion A and lower than the median value for local clouds. We measure SFR and gas masses to estimate the efficiency
per free-fall time, eg. We find that eg is ~ 1.1 dex below the previously proposed mean local relation, and ~ 4.7x
below Orion A. These observations indicate that local SF-relations do not capture variations present in the Galaxy.
We speculate that cloud youth and/or magnetic fields might account for the G351 inefficiency.

FAUST XIII. Dusty cavity and molecular shock driven by IRS7B in the Corona Australis
cluster

FAUST collaboration - G. Sabatini et al. ¥ The origin of the chemical diversity observed around low-mass protostars
probably resides in the earliest history of these systems. We aim to investigate the impact of protostellar feedback on
the chemistry and grain growth in the circumstellar medium of multiple stellar systems. In the context of the ALMA
Large Program FAUST, we present high-resolution (50 au) observations of CH3OH, H,CO, and SiO and continuum
emission at 1.3 mm and 3 mm towards the Corona Australis star cluster. Methanol emission reveals an arc-like
structure at ~1800 au from the protostellar system IRS7B along the direction perpendicular to the major axis of the
disc. The arc is located at the edge of two elongated continuum structures that define a cone emerging from IRS7B.
The region inside the cone is probed by H,CO, while the eastern wall of the arc shows bright emission in SiO, a
typical shock tracer. Taking into account the association with a previously detected radio jet imaged with JVLA at
6 cm, the molecular arc reveals for the first time a bow shock driven by IRS7B and a two-sided dust cavity opened
by the mass-loss process. For each cavity wall, we derive an average Hy column density of ~7x10%! cm™2, a mass of
~9x1073 My, and a lower limit on the dust spectral index of 1.4. These observations provide the first evidence of
a shock and a conical dust cavity opened by the jet driven by IRS7B, with important implications for the chemical
enrichment and grain growth in the envelope of Solar System analogues.
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Foreground Dust Properties towards the Cluster NGC 7380

Sadhana Singh, Jeewan C. Pandey, Thiem Hoang, Neelam Panwar, Biman J. Medhi, Vishal Joshi, Shashikiran
Ganesh Y Using starlight polarization, we present the properties of foreground dust towards cluster NGC 7380
embedded in HiI region Sh 2-142. Observations of starlight polarization are carried out in four filters using an imaging
polarimeter equipped with a 104-cmm ARIES telescope. Polarization vectors of stars are aligned along the Galactic
magnetic field. Towards the east and southeast regions, the dust structure appears much denser than in other regions
(inferred from extinction contours and colour composite image) and is also reflected in polarization distribution. We
find that the polarization degree and extinction tend to increase with distance and indication for the presence of a dust
layer at a distance of around 1.2 kpc. We have identified eight potential candidates exhibiting intrinsic polarization by
employing three distinct criteria to distinguish between stars of intrinsic polarization and interstellar polarized stars.
For interstellar polarized stars, we find that the maximum polarization degree increases with the color excess and has a
strong scatter, with the mean value of 1.71+£0.57%. The peak wavelength spans 0.40 — 0.88um with the mean value of
0.56+0.07 um, suggesting similar grain sizes in the region as the average diffuse interstellar medium. The polarization
efficiency is also found to decrease with visual extinction as Py,q. /Ay A‘_/O'm. Our observational results are found
to be consistent with the predictions by the radiative torque alignment theory.

Rotational Evolution of Classical T Tauri Stars: Models and Observations

Javier Serna, Giovanni Pinzén, Jestis Hernandez, Ezequiel Manzo-Martinez, Karina Mauco, Carlos G. Roman-
Zxniga, Nuria Calvet, Cesar Briceno, Ricardo Loépez-Valdivia, Marina Kounkel, Guy S. Stringfellow, Keivan
G. Stassun, Marc Pinsonneault, Lucia Adame, Lyra Cao, Kevin Covey, Amelia Bayo, Alexandre Roman-Lopes,
Christian Nitschelm, Richard R. Lane % We developed a grid of stellar rotation models for low-mass and solar-
type Classical T Tauri stars (CTTS) (0.3Ms < M, < 1.2Mg). These models incorporate the star-disk interaction
and magnetospheric ejections to investigate the evolution of the stellar rotation rate as a function of the mass of
the star M,, the magnetic field (B,), and stellar wind (Myinqg). We compiled and determined stellar parameters
for 208 CTTS, such as projected rotational velocity vsin(i), mass accretion rate Macc, stellar mass M,, ages, and
estimated rotational periods using TESS data. We also estimated a representative value of the mass-loss rate for our
sample using the [O I] spectral line. Our results confirm that v sin(i) measurements in CTTS agree with the rotation
rates provided by our spin models in the accretion-powered stellar winds (APSW) picture. In addition, we used
the Approximate Bayesian Computation (ABC) technique to explore the connection between the model parameters
and the observational properties of CTTS. We find that the evolution of vsin(i) with age might be regulated by
variations in (1) the intensity of B, and (2) the fraction of the accretion flow ejected in magnetic winds, removing
angular momentum from these systems. The youngest stars in our sample (~1 Myr) show a median branching ratio
Mwmd/Macc ~ 0.16 and median B, ~ 2000 G, in contrast to ~ 0.01 and 1000 G, respectively, for stars with ages = 3
Myr.

Modeling JWST MIRI-MRS Observations of T Cha: Mid-IR Noble Gas Emission Trac-
ing a Dense Disk Wind

Andrew D. Sellek, Naman S. Bajaj, Ilaria Pascucci, Cathie J. Clarke, Richard Alexander, Chengyan Xie, Giulia
Ballabio, Dingshan Deng, Uma Gorti, Andras Gaspar, Jane Morrison % [Ne II| 12.81 um emission is a well-used
tracer of protoplanetary disk winds due to its blueshifted line profile. MIRI-MRS recently observed T Cha, detecting
this line along with lines of [Ne III|, [Ar II| and [Ar III], with the |[Ne II| and [Ne III] lines found to be extended
while the [Ar II] was not. In this complementary work, we use these lines to address long-debated questions about
protoplanetary disk winds regarding their mass-loss rate, the origin of their ionization, and the role of magnetically-
driven winds as opposed to photoevaporation. To this end, we perform photoionization radiative transfer on simple
hydrodynamic wind models to map the line emission. We compare the integrated model luminosities to those observed
with MIRI-MRS to identify which models most closely reproduce the data and produce synthetic images from these to
understand what information is captured by measurements of the line extents. Along with the low degree of ionization
implied by the line ratios, the relative compactness of [Ar II| compared to [Ne II| is particularly constraining. This
requires Ne II production by hard X-rays and Ar I production by soft X-rays (and/or EUV) in an extended (2 10 au)
wind that is shielded from soft X-rays - necessitating a dense wind with material launched on scales down to 1 au.
Such conditions could be produced by photoevaporation, whereas an extended MHD wind producing equal shielding

would likely underpredict the line fluxes. However, a tenuous inner MHD wind may still contribute to shielding the
extended wind. This picture is consistent with constraints from spectrally-resolved line profiles.



