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Hydrogen Emission from Accretion and Outflow in T Tauri Stars

Tom J. G. Wilson, S. Matt, T. J. Harries, G. J. Herczeg % Radiative transfer modelling offers a powerful tool for
understanding the enigmatic hydrogen emission lines from T Tauri stars. This work compares optical and near-IR spectroscopy
of 29 T Tauri stars with our grid of synthetic line profiles. The archival spectra, obtained with VLT’s X-Shooter, provide
simultaneous coverage of many optical and infrared hydrogen lines. The observations exhibit similar morphologies of line
profiles seen in other studies. We used the radiative transfer code TORUS to create synthetic Ha, Pag, Pay, and Bry emission
lines for a fiducial T Tauri model that included axisymmetric magnetospheric accretion and a polar stellar wind. The distribution
of Reipurth types and line widths for the synthetic Ha lines is similar to the observed results. However, the modelled infrared
lines are narrower than the observations by ~ 80 kms™', and our models predict a significantly higher proportion (~ 90 per
cent) of inverse P-Cygni profiles. Furthermore, our radiative transfer models suggest that the frequency of P-Cygni profiles
depends on the ratio of the mass loss to mass accretion rates and blue-shifted sub-continuum absorption was predicted for
mass loss rates as low as 107'% My yr~!. We explore the effect of rotation, turbulence, and the contributions from red-shifted
absorption in an attempt to explain the discrepancy in widths. Our findings show that, singularly, none of these effects is
sufficient to explain the observed disparity. However, a combination of rotation, turbulence, and non-axisymmetric accretion
may improve the fit of the models to the observed data.
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Table 1. The 29 T Tauri stars used in this work. Here, the notes ‘B’ or ‘T* denote that the star is listed in
the literature as a binary or triple system, respectively, a value of the angular separation is also given where
available. The complete SIMBAD name for Stars named T-# are Ass-Cha-T-2-#. The masses, accretion rates,
and notes are adopted from: (1) Manara et al. (2016), (2) Schneider et al. (2018), (3) Manara et al. (2014), (4)
McGinnis et al. (2015), and (5) Rugel, Fedele & Herczeg (2018).

Name Type Tetr Ay Mass log M Notes Ref.
(K] [mag]  [Mo]  [Moyr']
ESO-Ha-562 MO.5 + M0.5 3705 3.4 0.66 -93 B 0.28 1
arcsec
" 1 1Q-Tau MO.5 3850 1.7 0.99 —82 1
Cd » /4 V354-Mon K4 4900 ~ 14 -8
i 0 O [ 1% T-33 KO 5110 2.7 0.95 —8.7 T24 1
<"I"I#F%E&" (#%" ) *+ arcsee
< .\ T-11 K2 4900 0.8 1.32 8.3 B 3
. a W- . 24 —1. .
# 1/2?/4(JbA AA >|,i0 VW-Cha K7 + MO 4060 1.9 1.2 7.9 Eri)sgg 1
T-6 K5 4350 0.51 1.22 -78
CR-Cha KO 5110 13 1.78 —8.7 1
n ’5 'Q' T-52 KO 5110 1.0 1.4 —74 B11.6 1
Cd arcsec
me = T-38 MO0.5 3780 1.9 0.71 —-94 1
A/CE l C E(*EIJ.H(T[% KV-Mon K4 ~ ~ 131 ~ 4
Sz-22 K5 4350 3.2 1.09 —8.4 T17.6 1
arcsec
" T4 K7 4060 0.5 1.03 -95 1
cd34 DG-Tau K5 4350 22 1.4 ~77 1
T-23 M4.5 3200 1.7 033 —83 1
2 @ " B ': 0 RECX-12 M3 3410 ~ 0.29 -98 5
1234 ' AB C#D #E BF /0 EG Cha-Ha-6 M6.5 2935 0.1 0.1 -103 1
T-12 M4.5 3200 0.8 0.23 —88 1
CT-Cha-A KS5. 4350 24 1.4 —6.9 1
ESO-HA 442 M2 ~ ~ 0.36 ~ 4
CHXI18N K2 4900 0.8 1.17 —8.1 1
TW-Cha K7. 4060 0.8 1 -9 B 1
RECX-6 M3 3415 ~ 0.15 —11 5
T-49 M3.5 3340 1.0 0.36 -76 B24.4 1
arcsec
T-35 K7 4060 29 0.96 -89
T-45a K7 4060 1.1 0.97 -99 B 283 1
arcsec
RECX-9 M4.5 3085 ~ 0.15 —104
T-24 MO 3850 15 0.91 —8.7 1
Hn-5 M5 3125 0.0 0.16 -93 1

Note. ESO-HA 442 is also known as CID-0223980048.
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Figure 1. The normalized X-Shooter spectra of the objects (columns) listed in Table.1, at four different wavelengths: H a; 6562 A, Pa y; 10 938 A, Pa 8; 12 Figure 1 — continued

818 A, and Br ¥; 21 655 A. The relative flux is plotted as a function of velocity, and each column has a width of £500 km s~!. The stars are arranged left to
right by H « peak intensity.
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Figure 2. Relative percentage of Reipurth classification. The coloured bars
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top. The hashed bars overplotted are the classification of the corresponding
synthetic emission lines.
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surface as a red band. The adaptive mesh (grey lines) uses a higher frequency
of cells for denser regions. The disc shown is a schematic to portray the
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Figure4. A cartoon depicting the T Tauri model geometry used in this paper.
The models are axisymmetric around the Z-axis. The stellar wind becomes
radial beyond Ry, defined as the radius at which the magnetically connected
wind expands to the prescribed opening angle ®gy. Not to scale.
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Figure 2. Relative percentage of Reipurth classification. The coloured bars
indicate the results for the X-Shooter observations. The results are subdivided
by hydrogen emission line and an example profile of each type is shown at the
top. The hashed bars overplotted are the classification of the corresponding
synthetic emission lines.
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Herschel investigation of cores and filamentary structures in the Perseus molecular cloud
Chang Zhang, Guo-Yin Zhang, Jin-Zeng Li, Xue-Mei Li % Cores and filamentary structures are the prime birthplaces
of stars, and play key roles in the process of star formation. Latest advances in the methods of multi-scale source and filament
extraction, and in making high-resolution column density map from H erschel multi-wavelength observations enable us to detect
the filamentary network structures in highly complex molecular cloud environments. The statistics for physical parameters shows
that core mass strongly correlates with core dust temperature, and M/L strongly correlates with M /T, which is in line with
the prediction of the blackbody radiation, and can be used to trace evolutionary sequence from unbound starless cores to
robust prestellar cores. Crest column densities of the filamentary structures are clearly related with mass per unit length
(Miine), but are uncorrelated by three orders ranging from ~ 10%° to ~ 10?2 cm~? with widths. Full width at half maximum
(FWHM) have a median value of 0.15 pc, which is consistent with the 0.1 pc typical inner width of the filamentary structures
reported by previous research. We find ~70% of robust prestellar cores (135/199) embedded in supercritical filaments with
Mine > 16 M /pc, which implies that the gravitationally bound cores come from fragmentation of supercritical filaments. And
on the basis of observational evidences that probability distribution function (PDF) with power-law distribution in the Perseus
south is flatter than north, YSO number is significantly less than that in the north, and dust temperature difference. We infer
that south region is more gravitationally bound than north region.
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Fig. 1: Red-Green-Blue (RGB) composites image showing the 250 pm (blue), 350 pm (green), and 500
pm (red) SPIRE fluxes for the Perseus molecular cloud derived from Herschel and Planck observa-
tions. In areas outside the Herschel coverage, dust models were applied to predict the corresponding
SPIRE fluxes using Planck/IRAS data. Planck data have a lower resolution than Herschel’s, allow-
ing us to identify their spatial boundaries.
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Fig. 3: Probability distribution function (PDF) at 13.5"resolution of the column density map in Perseus
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of the horizontal axis is the corresponding extinction Ay (mag).
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lution 13.5” column density map. Black, brown, red, and yellow circles mark the 536 unbound starless Fig.5: Histogram of physical parameters of the cores. Panel (a), (b), (c): show core dust temperature,
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56 Revisiting The Mass-Size Relation Of Structures In Molecular Clouds
" Yuchen Xing, Keping Qiu % We revisit the mass-size relation of molecular cloud structures based on the column density
map of the Cygnus-X molecular cloud complex. We extract 135 column density peaks in Cygnus-X and analyze the column
density distributions around these peaks. The averaged column density profiles, N(R), around all the peaks can be well fitted
with broken power-laws, which are described by an inner power-law index n, outer power-law index m, and the radius Rrp and
column density Ntp at the transition point. We then explore the M — R relation with different samples of cloud structures
by varying the N(R) parameters and the column density threshold, Ny, which determines the boundary of a cloud structure.
We find that only when Ny has a wide range of values, the M — R relation may largely probe the density distribution, and the
fitted power-law index of the M — R relation is related to the power-law index of N(R). On the contrary, with a constant Np,
the M — R relation has no direct connection with the density distribution; in this case, the fitted power-law index of the M — R

relation is equal to 2 (when Ny > Nrp and n has a narrow range of values), larger than 2 (when Ny > Nrp and n has a wide
range of values), or slightly less than 2 (when Ny < Ntp).



58. Modelling the secular evolution of proto-planetary disc dust sizes — A comparison be-
" tween the viscous and magnetic wind case

Francesco Zagaria, Giovanni P. Rosotti, Cathie J. Clarke, Benoit Tabone % For many years proto-planetary discs
have been thought to evolve viscously: angular momentum redistribution leads to accretion and outward disc spreading. Re-
cently, the hypothesis that accretion is due, instead, to angular momentum removal by magnetic winds gained new popularity:
no disc spreading is expected in this case. In this paper, we run several one-dimensional gas and dust simulations to make
predictions on the time-evolution of disc sizes in the dust and to assess whether they can be used to understand how discs
evolve. We show that viscous and magnetic wind models have very different dust disc radii. In particular, MHD wind models
are compact and their sizes either remain constant or decrease with time. On the contrary, discs become larger with time in
the viscous case (when a > 107?). Although current observations lack enough sensitivity to discriminate between these two
scenarios, higher-sensitivity surveys could be fruitful to this goal on a 1to 10 Myr age range. When compared with the available
ALMA Band 7 data, both viscous and magnetic wind models are compatible with the observationally-inferred dust radii in
Lupus, Chamaeleon I and Upper Sco. Furthermore, in the drift-dominated regime, the size-luminosity correlation is reproduced
in Lupus, both in Band 7 and 3, while in Upper Sco a different slope than in the data is predicted. Sub-structures (potentially
undetected) can explain several outliers with large observed sizes. Higher-angular-resolution observations will be helpful to test
our predictions in the case of more compact discs, expected in both frameworks, particularly at the age of Upper Sco.



59. The Ages of Optically Bright Sub-Clusters in the Serpens Star-Forming Region

Xingyu Zhou, Gregory J. Herczeg, Yao Liu, Min Fang, Michael Kuhn ¥ The Serpens Molecular Cloud is one of the
most active star-forming regions within 500 pc, with over one thousand of YSOs at different evolutionary stages. The ages of the
member stars inform us about the star formation history of the cloud. In this paper, we develop a spectral energy distribution
(SED) fitting method for nearby evolved (diskless) young stars from members of the Pleiades to estimate their ages, with a
temperature scale adopted from APOGEE spectra. When compared with literature temperatures of selected YSOs in Orion,
the SED fits to cool (<5000 K) stars have temperatures that differ by an average of < 50 K and have a scatter of 210 K for
both disk-hosting and diskless stars. We then apply this method to YSOs in the Serpens Molecular Cloud to estimate ages of
optical members previously identified from Gaia DR2 astrometry data. The optical members in Serpens are concentrated in
different subgroups with ages from 4 Myr to 22 Myr; the youngest clusters, W40 and Serpens South, are dusty regions that
lack enough optical members to be included in this analysis. These ages establish that the Serpens Molecular Cloud has been
forming stars for much longer than has been inferred from infrared surveys.



60 Accretion variability of the multiple T Tauri system VW Cha
" Gabriella Zsidi, Eleonora Fiorellino, Agnes Koéspal, Péter Abraham, Attila Bédi, Gaitee Hussain, Carlo F.
Manara, Andras Pal # Classical T Tauri stars are low-mass objects, which are still accreting material from the surrounding
circumstellar disk. The accretion process is essential in the formation of Sun-like stars and in setting the properties of the disk at
the time when planet formation occurs. We constructed a complex dataset in order to examine the accretion process of VW Cha,
a classical T Tauri multiple system with the aim of studying the physical origin of the photometric and spectroscopic variability
of the system. The TESS Space Telescope observed VW Cha between 2019 April 22 and June 19, and we complemented these

data with contemporaneous ground-based IcJH K band photometric measurements. In addition, we obtained high-resolution
optical spectra with the VLT/ESPRESSO and the 2.2 m/FEROS instruments. Analyzing these data, we found that the TESS
light curve shows photometric variations on timescales from minutes to weeks with a peak-to-peak amplitude of ~0.8 mag.
The near-infrared light curves follow the shape of the optical measurements, however, the peak-to-peak amplitudes are slightly
increasing towards the longer wavelengths. We took spectra in both fainter and brighter photometric states of the system,
allowing us to examine the origin of a photometric brightening event. Our results show that this brightening event can be
explained by increased accretion. In addition, our spectroscopic data also suggest that the primary component of VW Cha is a
spectroscopic binary, as it was proposed in earlier works.



