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Polarization from Aligned Dust Grains in the § Pic Debris Disk

Charles L. H. Hull, Haifeng Yang, Paulo C. Cortés, William R. F. Dent, Quentin Kral, Zhi-Yun Li, Valentin J.
M. Le Gouellec, A. Meredith Hughes, Julien Milli, Richard Teague, Mark C. Wyatt % We present 870 um ALMA
polarization observations of thermal dust emission from the iconic, edge-on debris disk 8 Pic. While the spatially resolved map
does not exhibit detectable polarized dust emission, we detect polarization at the ~3c level when averaging the emission across
the entire disk. The corresponding polarization fraction is Ppac = 0.51 = 0.19%. The polarization position angle x is aligned
with the minor axis of the disk, as expected from models of dust grains aligned via radiative alignment torques (RAT) with
respect to a toroidal magnetic field (B-RAT) or with respect to the anisotropy in the radiation field (k-RAT). When averaging
the polarized emission across the outer versus inner thirds of the disk, we find that the polarization arises primarily from the
SW third. We perform synthetic observations assuming grain alignment via both k-RAT and B-RAT. Both models produce
polarization fractions close to our observed value when the emission is averaged across the entire disk. When we average the

models in the inner versus outer thirds of the disk, we find that k-RAT is the likely mechanism producing the polarized emission
in 8 Pic. A comparison of timescales relevant to grain alignment also yields the same conclusion. For dust grains with realistic
aspect ratios (i.e., s > 1.1), our models imply low grain-alignment efficiencies.
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Q' = Qcos(20) + U sin(26) (9)
U’ = U cos(20) — Qsin(26) , (10)

Table 1. Full-disk-averaged data

Quantity Value

I 1368 pJy beam™!
Q —4.0 pJybeam~! (SNR = 1.5)
U —6.9 pJy beam~! (SNR = 2.7)
X -59.9 £10.6°
Q 8.0 pJybeam™! (SNR = 3.1)
g -1.5 pJybeam~! (SNR = 0.1)
X' -0.5+10.6°
P 6.9 pJybeam~! (SNR = 2.7)

Prrac 0.51+0.19%
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Figure 7. A synthetic observation assuming grains aligned X - -
via k-RAT. The grain size is 13.8 um, which corresponds 50 0 %0 50 0 30
to a size parameter of z = 0.1. Left: contours are total z (AU) z (AU)
intensity. Color scale is polarized intensity in puJy beam™'.
The line segments are of the same length and represent the Figure 8. Same as Figure 7 but for B-RAT.

polarization orientation. Right: the color scale represents the
polarization fraction.
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Figure 13. Comparison of dust-grain alignment timescales for small dust grains (a = 5 pm, left panel) and large dust grains
(a = 1 mm, right panel).
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https://arxiv.org/abs/2203.09562v1

Initial Conditions for Star Formation: A Physical Description of the Filamentary ISM

A. Hacar, S Clark, F. Heitsch, J. Kainulainen, G. Panopoulou, D. Seifried, R. Smith % The interstellar medium
contains filamentary structure over a wide range of scales. Understanding the role of this structure, both as a conduit of gas
across the scales and a diagnostic tool of local physics, is a major focus of star formation studies. We review recent progress
in studying filamentary structure in the ISM, interpreting its properties in terms of physical processes, and exploring formation
and evolution scenarios. We include structures from galactic-scale filaments to tenth-of-a-parsec scale filaments, comprising both
molecular and atomic structures, from both observational and theoretical perspectives. In addition to the literature overview,
we assemble a large amount of catalogue data from different surveys and provide the most comprehensive census of filamentary
structures to date. Our census consists of 22 803 filamentary structures, facilitating a holistic perspective and new insights.
We use our census to conduct a meta-analysis, leading to a description of filament properties over four orders of magnitudes in
length and eight in mass. Our analysis emphasises the hierarchical and dynamical nature of filamentary structures. Filaments
do not live in isolation, nor they generally resemble static structures close to equilibrium. We propose that accretion during
filament formation and evolution sets some of the key scaling properties of filaments. This highlights the role of accretion during
filament formation and evolution and also in setting the initial conditions for star formation. Overall, the study of filamentary
structures during the past decade has been observationally driven. While great progress has been made on measuring the basic
properties of filaments, our understanding of their formation and evolution is clearly lacking. In this context, we identify a
number of directions and questions we consider most pressing for the field.
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TABLE 1

FILAMENT FAMILIES (I): FUNDAMENTAL PROPERTIES(!)

Family #) Targets M L FWHM No T
Mp) (pc) (pc) (102! cm~2) (K)
Nearby Filaments | 707 21-134 | 04-1.0 | 0.07-0.16 | 3.2-9.0 13-16
Galactic Survey 18854 98 - 2.3E3 36-14 | 03-1.3(70 59-144 15-19
IRDCs 115 46-239 | 12-28 | ~03(7) 13 -40 16-25
Giant Filaments 153 | 7.8E3-1.5E5 | 32-83 ~ 107 6.0-8.4 15-19
Dense fibers 127 15-150 | 0.2-05 | 0.03-0.10 12 - 69 10-22
Striations 200 25-56 1.0 |02-04(?) | 05-1.0 15-20
HI filaments 2823 01-05 |14-36 ? <1(?) 100

(Mvalues correspond to the interquartile [Q25%,Q75%] range for each measured quantity. (2) Typical molecular
gas temperatures at low column densities (e.g. Planck Collaboration et al.|2011). (3) Typical temperature for the
CNM. (?) Unknown or poorly constrained. (*) Limited statistics.

HI4P1 21 cm
Planck 350 um, CO(2—1)

GALFA-HI 21 cm

TABLE 2
FILAMENT FAMILIES (II): DYNAMIC PROPERTIES ()

Famﬂy(#) Tot ONT m V'ULSR," B()

(kms=) | (kms™!) | Mgpe™!) | (= m/mey) | (kms~!pct) (uG)
Nearby Filaments 028-132 [ 021-130 | 44-186 02-0.7 1.02- 1.60 70-70
Galacfic Survey Fils. | 1.02-1.55 | 1.00-1.54 | 23-191 0.8-6 0.22-0.55 ?
IRDCs 0.40-0.62 | 035-0.62 | 31-115 09-25 0.20 - 0.90 45 - 500
Giant Filaments 1.1-3.57 | 2.43-3.93 | 250-2513 15-35 0.04 - 0.08 ?
Dense fibers 0.26-0.36 | 0.15-0.24 | 9.3-335 03-14 0.35-323 | 40-1000?
Striations 0.71 - 0.90 ? 25-5.6 0.1-02 ? 26- 30
HI fibers 0.88(7) 0.65(7) | 0.05-0.15 ? ? 503)

() Values correspond to the interquartile [Q25%,Q75%] range for each measured quantity. ) Inferred from the surrounding
medium. ) Standard B, value for the diffuse medium (n < 10% cm™2, Crutcher et al. l2010). (?) Unknown or poorly
constrained. *) See Table [1/for references.
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Fig. 10.— Left panel: Observed filament widths, FWHM (in parsec), as function of the filament length, L, in 7 nearby clouds as seen
by Herschel (from Arzoumanian et al. 2019). The data for Ophiuchus (red), Aquila (yellow), Orion B (blue), and IC5146 (magenta)
are highlighted in all panels. The distances to the clouds have been updated based on the latest 3D dust extinction maps, see text and
\Panopoulou et al. (2021). Middle panel: Observed FWHM as a function of the cloud distance, summarised for the various clouds in the
form of a violin plot. The plot includes the maximum, minimum and mean of each FWHM distribution. Right panel: Same as in the
middle panel, but now the FWHM is in units of the beamsize (18.2 arcsec). In all panels, the value of 0.1 pc is shown by a dotted line.
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Star Formation in the Central Molecular Zone of the Milky Way

Jonathan D. Henshaw, Ashley T. Barnes, Cara Battersby, Adam Ginsburg, Mattia C. Sormani, Daniel L.
Walker & The Central Molecular Zone (CMZ) is a ring-like accumulation of molecular gas in the innermost few hundred
parsecs of the Milky Way, generated by the inward transport of matter driven by the Galactic bar. The CMZ is the most
extreme star-forming environment in the Galaxy. The unique combination of large-scale dynamics and extreme interstellar
medium conditions, characterised by high densities, temperatures, pressures, turbulent motions, and strong magnetic fields,
make the CMZ an ideal region for testing current star and planet formation theories. We review the recent observational and
theoretical advances in the field, and combine these to draw a comprehensive, multi-scale and multi-physics picture of the cycle
of matter and energy in the context of star formation in the closest galactic nucleus.
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Fig. 1.— A multi-wavelength view of the CMZ. From top to bottom: 8um emission from the Spitzer GLIMPSE survey
(Churchwell et al. 2009), 24m emission from the Spitzer MIPSGAL survey (Carey et al. 2009), 250m emission from the
Herschel Hi-GAL survey (Molinari et al. 2010), and 20 cm emission observed by MeerKAT (Heywood et al. 2019, 2022)
and the Green Bank Telescope (GBT; Law et al. 2008). The bottom panel is a three-colour composite of the 8 um (green),
24pm (yellow) and 20 cm (red) emission. Overlaid are labels highlighting several features of interest.
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The SKA as a prebiotic molecule detector

Izaskun Jimenez-Serra, Jesus Martin-Pintado, Aran Insausti, Elena R. Alonso, Emilio J. Cocinero, Tyler L.
Bourke % One of the theories for the origin of life proposes that a significant fraction of prebiotic material could have arrived
to Earth from outer space between 4.1 and 3.8 billion years ago. This suggests that those prebiotic compounds could have
originated in interstellar space, to be later on incorporated to small Solar-system bodies and planetesimals. The recent discovery
of prebiotic molecules such as hydroxylamine and ethanolamine in the interstellar medium, strongly supports this hypothesis.
However, some species such as sugars, key for the synthesis of ribonucleotides and for metabolic processes, remain to be
discovered in space. The unmatched sensitivity of the Square Kilometer Array (SKA) at centimeter wavelengths will be able to
detect even more complex and heavier prebiotic molecules than existing instrumentation. In this contribution, we illustrate the
potential of the SKA to detect simple sugars with three and four carbon atoms, using a moderate investment of observing time.
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—VU. N n features in the simulated spectra
- GIYC eraldehyde . Molecule Formula Frequency Transition  log [Int(300K)] E; Lieptn
] (MHz) (em™)  (mly)
0E B Glyceraldehyde CHOCHOHCH,OH 4955.4998 62,5—>61,5 -7.7002 3.8458 —0.488
S L | | ’ ] R ’ l Tm -t ] 5907.2556  554—514 -7.6715 27805 —0.360
_ - E 6762.4103 453413 -7.6931 1.8888 —0.260
0.05 - E 4835.6480 12310—123 10 -7.4495 14.2538 —0.223
C ] 6240.1302  1139—1139 -7.3127 12.1285 —0.186
—-0.1 2 E Dihydroxyacetone CH2OHCOCH20H 9605.9342 41 3—404 -7.6869 1.2584 —0.172
—0.15 E E 10540.6391  514—505 -7.5446 1.8837 —0.166
: - Dihvdroxvacetone 1 8898.3733 312303 -7.8427 0.7563 —0.161
u | ) . . ) | ) y ) ) y ) R 11731.7585  615—606 -7.4104 2.6308 —0.147
i | ¥ ' ' v I v Y J v I 8391.9655 2114202 -8.0253 0.3786  —0.132
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r . 51313265 251421, -9.0513 0.3329 —0.0071¢
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13 EXORCISM: a spectroscopic survey of young eruptive variables (EXor and candidates)

" T. Giannini, A. Giunta, M. Gangi, R. Carini, D. Lorenzetti, S. Antoniucci, A. Caratti o Garatti, L. Cassara,

B. Nisini, A. Rossi, V. Testa, F. Vitali &% We present an optical/near-IR survey of 11 variable young stars (EXors and

EXor candidates) aimed at deriving and monitoring their accretion properties. About 30 optical and near-infrared spectra (R

~ 1500-2000) were collected between 2014-2019 with the Large Binocular Telescope (LBT). From the spectral analysis we have

derived the accretion luminosity and mass accretion rate, the visual extinction, the temperature and density of the permitted line

formation region, and the signature of the outflowing matter. Two sources (ASASSN-13db and iPTF15afq) have been observed

in outburst and quiescence, three during a high-level of brightness (XZ Tau, PV Cep, and NY Ori), and the others in quiescence.

These latter have accretion luminosity and mass accretion rates in line with the values measured in classical T Tauri stars of

similar mass. All sources observed more than once present accretion variability. The most extreme case is ASASSN-13db, for

which the mass accretion rate decreases by two orders of magnitude from the outburst peak in 2015 to quiescence in 2017. Also,

in NY Ori the accretion luminosity decreases by a factor 25 in one year. In 80% of the sample we detect the [OI|630 nm line,

a tracer of mass loss. From the variability of the Ha /[OI]630, ratio, we conclude that mass accretion variations are larger than

mass loss variations. From the analysis of the HI recombination lines a correlation is suggested between the density of the line
formation region and the level of accretion activity of the source.
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https://arxiv.org/abs/2203.08681v2

Large amplitude periodic outbursts and long period variables in the VVV VIRAC2-3
database

Zhen Guo, P. W. Lucas, L. C. Smith, C. Clarke, C. Contreras Pena, A. Bayo, C. Briceno, J. Elias, R. G.
Kurtev, J. Borissova, J. Alonso-Garcia, D. Minniti, M. Catelan, F. Nikzat, C. Morris, N. Miller % The VISTA
Variables in the Via Lactea (VVV) survey obtained near-infrared photometry toward the Galactic bulge and the southern disc
plane for a decade (2010 - 2019). We designed a modified Lomb-Scargle method to search for large-amplitude (AKs > 1.5 mag)
mid to long-term periodic variables (P > 10 d) in the 2nd version of VVV Infrared Astrometric Catalogue (VIRAC2-3). In total,
1520 periodic sources were discovered, including 59 candidate periodic outbursting young stellar objects (YSOs), based on the
unique morphology of the phase-folded light curves, proximity to Galactic HII regions and mid-infrared colours. Five sources
are spectroscopically confirmed as accreting YSOs. Both fast-rise/slow-decay and slow-rise/fast-decay periodic outbursts were
found, but fast-rise/slow-decay outbursts predominate at the highest amplitudes. The multi-wavelength colour variations are
consistent with a variable mass accretion process, as opposed to variable extinction. The cycles are likely to be caused by
dynamical perturbations from stellar or planetary companions within the circumstellar disc. An additional search for periodic
variability amongst YSO candidates in published Spitzer-based catalogues yielded a further 71 candidate periodic accretors,
mostly with lower amplitudes. These resemble cases of pulsed accretion but with unusually long periods and greater regularity.
The majority of other long-period variables are pulsating dusty Miras with smooth and symmetric light curves. We find that
some Miras have redder W3 — W4 colours than previously thought, most likely due to their surface chemical compositions.
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