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15. A new prolonged decrease event in the brightness of the young stellar object V2492 Cygni, Sunay
Ibryamov et al.

16. The Cloud Factory II: Gravoturbulent Kinematics of Resolved Molecular Clouds in a Galactic Potential,
Andres F. Izquierdo et al.

17. Evolution of the density PDF 1n star forming clouds: the role of gravity, Etienne Jaupart et al.

18. Star Formation Efficiency and Dispersal of Giant Molecular Clouds with UV Radiation Feedback:
Dependence on Gravitational Boundedness and Magnetic Fields, Jeong-Gyu Kim, et al.

19. The CARMA-NRO Orion Survey: Filament Formation via Collision-Induced Magnetic Reconnection —
The Stick 1n Orion A, Shuo Kong, et al.

20. Probing the Cold Deep Depths of the California Molecular Cloud: The Icy Relationship between CO and
Dust, John Arban Lewis et al.

21. Characterization of very wide companion candidates to young stars with planets and disks, F. Z. Majidi, et
al.



20. Probing the Cold Deep Depths of the

California Molecular Cloud: The Icy Relationship
between CO and Dust, John Arban Lewis et al.

We study the relationship between molecular gas and dust in
the California Molecular Cloud over an unprece- dented
dynamic range of cloud depth (AV = 3 — 60 magnitudes). We
compare deep Herschel-based measure- ments of dust
extinction with observations of the 12CO, 13CO, and C180
J=2-1 lines on sub-parsec scales across the cloud. We directly
measure the ratio of CO integrated intensity to dust extinction
to derive the CO X-factor at over 105 independent locations in
the cloud. Confirming an earlier study, we find that no single
12CO X-factor can characterize the molecular gas in the cold
( Tdust < 20) regions of the cloud that account for most of its
mass. We are able to derive a single-valued X-factor for all
three CO 1sotopologues 1n the warm ( Tdust >25 K ) material
that 1s spatially coincident with an H II region surrounding the
star LkHo 101. We derive the LTE CO column densities for
13CO and C180 since we find both lines are relatively
optically thin. In the warm cloud material CO 1s completely in
the gas phase and we are able to recover the total 13CO and
C180 abundances. Using CO abundances and deep Herschel
observations, we measure lower bounds to the freeze-out of
CO onto dust across the whole cloud finding some regions
having CO depleted by a factor of > 20. We construct the first
maps of depletion that span the extent of a giant molecular
cloud. cores and discuss their physical nature.
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Figure 3. Binned 2D histogram for W['2CO (2—1)] vs Ay for the
entire California cloud where W['2CO] is detected at greater than
30 (2 1K). The gray dashed line is the standard relation for the
adopted MW X-factor (2 x 10®°cm™ (K km/s)™") which is 3.29
K km/s mag~'. The blue histogram shows the number of pixels in a
binned pixel of the plot on a log scale. The black dashed box shows
the region containing the bulk of data range covered by previous
studies (e.g., Pineda et al. 2008; Ripple et al. 2013).
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Table 1. Global '>CO X-factor

Method X["*CO 2-1)] KIS5.
(N[H,]/W['*CO]) 505+180 44
(N[H,])/(W['*CO]) 4.18 +1.83 3.6
Linear fit through origin 298 £ 1.74
Average 4.11+0.8

NOTE—Measurements of the global '*CO (2-
1) X-factor for the whole cloud in units of
10* cm™ (K km / s)_l. The measurement methods
are discussed in §4.2. The K15 are scaled by 1.4
to convert them from the original Xco (1-0) to Xco
(2-1).
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18. Star Formation Efficiency and Dispersal of Giant Molecular Clouds with UV
Radiation Feedback: Dependence on Gravitational Boundedness and Magnetic

Fields, Jeong-Gyu Kim, Eve C. Ostriker,1 and Nina Filippova ARG I aL—areEP
> 7. Co

Molecular clouds are supported by turbulence and magnetic fields, but UVIidHydrogen photochemistry &

quantifying their influence on cloud lifecycle and star formation efficiency 1w FIL LT

(SFE) remains an open question. We perform radiation magnetohydrodynamic \ N

simulations of star-forming giant molecular clouds (GMCs) with UV radiation 10 GMCET /L, EVU I Z

feedback, in which the propagation of UV radiation via ray-tracing is coupled to 1-5. mass-to-flux ratioz=0.5-8, &

hydrogen photo- chemistry. We consider 10 GMC models that vary in either

initial virial parameter (1 < avir,0 < 5) or dimensionless mass-to-magnetic flux fRAR. T8>,

ratio (0.5 = udP,0 < 8 and «); the initial mass 105M©® and radius 20pc are fixed. BB EIZ 10N KEEE. FF

Each model 1s run with five different initial turbulence realizations. In most 20pciEEE L 1=

models, the duration of star formation and the timescale for molecular gas ) ] s

removal (primarily by pho- toevaporation) are 4-8Myr. Both the final SFE (&) ENHTEWW4-BMyr CEFRRH MR

and time-averaged SFE per treetfall time (etf) are reduced by strong turbulence > THIADRAT- =,

and magnetic fields. The median €* ranges between 2.1% and 9.5%. The median
eff ranges between 1.0% and 8.0% and anticorrelates with avir,0, in qualitative

agreement with previous analytic theory and simulations. However, the time- median (A3 U I BEE TN EE
dependent avir(t) and eff,obs(t) based on instantaneous gas properties and TE| 5> EFERE) ¢ ffilxz. EYUT7
cluster luminosity are positively correlated due to rapid evolution, making B

observational validation of star formation theory difficult. Our median eff,obs(t) JUEE & IRAE R,

~ 2% 1s simi- lar to observed values. We show that the traditional virial
parameter estimates the true gravitational boundedness within a factor of 2 on . — . -
average, but neglect of magnetic support and velocity anisotropy can sometimes subcritical 7 2 M3 XE 2%
produce large departures. Magnetically subcritical clouds are unlikely to DA ~&EULTEANBEBYZ S,
represent sites of massive star formation given their unrealistic columnar

outflows, prolonged lifetime, and low escape fraction of radiation.
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In addition to Equations (1)—(6), we solve radiative
transfer equations in the form

n-VI =—kl (7)

where [ is the intensity,  is crossection per unit volume
in a given radiation component, and 1 is the direction of
ray propagation. The scattering and emission by dust
grains are ignored. The radiation field is decomposed
into diffuse background and starlight: I = IP® + I*.
We use the six-ray approximation to solve for the dit-
fuse background, meaning that only n aligned with the

- 2% 2 DlclF. diffuse background & star-
light radiationZ Al &% (C5 » A E RN,

&Ly NT

W TDINTGA—=FDT A

- BRI 2L —YarvEvYolc, BLR

%8 D GMC. star clusterh S DUV feedbackds D
#1HA : MO = 10"5Msun, radius RO = 20pc, and

freefall time tff ,0 = 4.68 Myr.

Table 1. Model parameters
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Figure 17. Snapshots of gas surface density projected along the y-axis from the a-series models with seed = 4 From toﬂ?‘icgure 18. Same as Figure 17 but for the 8-series modes with seed = 4, which have identical initial turbulent velocity field

bottom, the initial virial parameter awir,o increases from 1 to 5. The projected positions of star particles are indicated by circfpkying initial magnetic field strength, decreasing from top to bottom. The corresponding initial mass-to-magnetic flux rz (F | g -I 8)
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The size and color of circles indicate mass and age, respectively.
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The kinetic virial parameter ovir = 501q R/(GMueu) for different viewing angles (gray lines) and various energy ratios.
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gas cloud and cluster’s bolometric UV luminosity. We show snapshots in the time interval .0 < ¢t < t, 90%. The circles in
different panels show data from different observational studies: (a) low-mass, nearby clouds compiled by Evans et al. (2014);
(b) molecular clouds in the Galactic Plane with massive star formation rate M. > 5 Mo Myr~!' (Vutisalchavakul et al. 2016).
(c) GMCs with associated star-forming complexes in the Milky Way (Lee et al. 2016). (d) GMCs with associated star-forming
complexes in the Large Magellanic Cloud (Ochsendorf et al. 2017). All data points are colored by one-dimensional velocity
dispersion 014 and their sizes denote gas mass. The solid and dashed gray lines, and the yellow and green shaded areas, are
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21. Characterization of very wide companion candidates to young stars with planets and disks,
F. Z. Majidi, et al.

Discovering wide companions of stellar systems allows us to constrain the dynamical
environment and age of the latter. We studied four probable wide companions of four different
stellar systems. The candidates were selected mainly based on their similar kine- matic
properties to the central star using Gaia DR2. The central stars are V4046 Sgr, HIP 74865,
HIP 65426, and HIP 73145, and their probable wide companions are 2MASS
J18152222-3249329, 2MASS J15174874-3028484, 2MASS J13242119-5129503, and
2MASS J14571503-3543505 respectively. V4046 Sgr is a member of B-Pictoris Moving
Group while the rest of the stellar systems are acknowledged as members of the Scorpius-
Centaurus association. The selected stellar systems are particularly interesting because all of
them are already known to possess a low-mass companion and/or a spatially resolved disk.
Identifying wider companions of these stars can improve their eligibility as benchmarks for
understanding the formation channels of various triple systems, and can help us to determine
the orbits of their possibly undiscovered inner, wider companions in case of higher
multiplicity. By analyzing the X-Shooter spectra of the wide companion candidates of these
stars, we obtained their stellar parameters and determined their ages. We find that 2MASS

J15174874-3028484 (0.11 M©, 7.4+0.5 Myr), an already recognized pre-main sequence

(PMS) member of Scorpius- Centaurus association, 1s a highly probable wide companion of
HIP 74865. 2MASS J13242119-5129503 (0.04 MO, 16+2.2 Myr) 1s ruled out as a plausible

wide companion of HIP 65426, but confirmed to be a new sub-stellar member of the Scorpius-
Centaurus as- sociation. 2MASS J14571503-3543505 (0.02 M©, 17.75£4.15 Myr) 1s a

probable sub-stellar member of the same association, but we cannot confirm whether or not it
1s gravitationally bound to HIP 73145. 2MASS J18152222-3249329 (0.3 M©, older than 150

Myr) 1s determined to be a mildly active main sequence (MS) star, much older than members
of 3-Pictoris Moving Group, and unbound to V4046 Sgr despite their similar kinematic
features. PMS wide companions such as 2MASS J15174874-3028484 might have formed
through cascade fragmentation of their natal molecular core, hinting at high multiplicity in
shorter separations which can be confirmed with future observations.
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Table 1: Physical parameters of the central stars.

Name Distance ¢ Association SpT Tt A, Wide companion Separation  Separation
(pc) (K) (mag) (") (au)

V4046S or 72.4 B-Pictoris MG K5/K7 4370/4100 0° 2MASS J1815-3249 901 65232

HIP 74865 123.53 Sco-Cen (UCL) F3V 6720 0 2MASS J1517-3028 90 11118

HIP 65426 109.21 Sco-Cen (LCC) A2V 8840 0 2MASS J1324-5129 142 15508

HIP 73145 133.65 Sco-Cen (UCL) A2IV 8840 0 2MASS J1457-3543 280 37422

GQ Lup 151.82 Sco-Cen (LupusI) K7V 4070 0.7  2MASS J1549-3539 16 2429

“ Distances are calculated based on the parallaxes of the objects reported in Gaia DR?2 catalog.

b (Stempels & Gahm 2004)
¢ (Alcala et al. 2017)
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Fig. 2: Spectrum of 2MASS J1517-3028 (blue) together with
the available photometric data (red dots) in the literature and the
fitted BT-Settl model (black).



Table 3: Physical stellar parameters of candidates. Except for 2MASS J1815-3249, mass, age, and log g are selected from the closest
matches offered by Barafie et al. (2015) models. The same quantities are extracted from MIST isochrones for 2MASS J1815-3249.

Name SpT Tet A, RV L, R, M, Age logg
(K)  (mag) (km/s) (Lo) (Ro) (My) (Myr)
2MASS J1815-3249  M3+0.5 3410 0 —17.77£2.4 0.03 0.5 0.3 > 150 4.95
2MASS J1517-3028 M4.5+0.5 3100 0 1.2+6.9 0.018 047 0.11 7.9 4.13
2MASS J1324-5129 M6.5+0.5 2710 0 15.3+£5.8  0.0024 0.22 0.04 18.2 4.35
2MASS J1457-3543 M&8+0.5 2500 0 4.0+8.9 0.002 024 0.02 14.09 4.00
2MASS J1549-3539  M4+0.5 3190 1.0£0.5 -1.3+4.0 0.07¢ 0.21 O.15 2 3.78

¢ This object 1s sub-luminous. The value reported here 1s the object’s corrected luminosity obtained by Alcala et al. (2020).

Table 4: ROTFIT results acquired for the targets. The estimated ages are concluded from Barafte et al. (2015) models.

Name Teir log g RV v sini Age
(K) (km/s) (km/s) (Myr)
2MASS J1815-3249  3562+30 4.68+0.14 —-20.1+2.0 < 8.0 > 150
2MASS J1517-3028  3077+22  4.49+0.21 1.4+2.4 26+6 7.4+0.5
2MASS J1324-5129  2646+50 4.0+0.1 17.94+3.0 < 8.0 16+2.2
2MASS J1457-3543  2635+80 4.30+0.17 8.0+7.8 62.0+10.0 17.75+4.15
2MASS J1549-3539  3230+101 3.74+0.23 -2.0+£2.8 13.0+6.0 2.75+0.75




Table 8: The wide-companion membership status checklist for our targets.

Name Consistent kinematic properties Age Active  Contains Li1 conclusion
with the stellar system
(yes/no) (MS/PMS) (yes/no) (yes/no)
2MASS J1815-3249 no MS no no field object
2MASS J1517-3028 yes PMS yes yes UCL member +
HIP 74865 probable wide companion
2MASS J1324-5129 no PMS yes yes LCC new member
2MASS J1457-3543 no PMS yes ambiguous ambiguous
2MASS J1549-3539 yes PMS yes yes Lupus I new member +
GQ Lup probable wide companion
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A new prolonged decrease event in the brightness of the
young stellar object V2492 Cygni
Sunay Ibryamov, Evgeni Semkov

Results from the BV (RI)c photometric observations of the
young stellar object V2492 Cyg collected 1n the period from
April 2018 to September 2020 are presented. These
observations are a part of our monitoring of the star that
began in 2010 and continuing to date. V2492 Cyg 1s located
in the Pelican Nebula, and its variability was explained by
both accretion and extinction events. The new photometric
data show that the star continues to exhibit rapid irregular
variability 1n all bands. In the period from March 2019 to

May 2020, we registered a prolonged decrease event in the
light curve of V2492 Cyg.
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19. The CARMA-NRO Orion Survey: Filament Formation
via Collision-Induced Magnetic Reconnection — The Stick
in Orion A, Shuo Kong, et al.

IN—2 T )L TR DD 5 f=0rionAnF

A unique filament 1s identified in the Herschel maps of the

Orion A giant molecular cloud. The filament, which, we =D ATAYPEDWT, Sticke
name the Stick, is ruler-straight and at an early evo- A1,

lutionary stage. Transverse position-velocity diagrams show

two velocity components closing in on the Stick. The PVRIFEIT CH B &, 2DD OV IR—

filament shows consecutive rings/tforks in C180(1-0) 2 NARHZ D,

channel maps, which 1s reminiscent of structures generated

by magnetic reconnection. We pro- pose that the Stick Stickld. BEFHIROREY Jx2

formed via collision-induced magnetic reconnection
(CMR). We use the magnetohydrodynamics (MHD) code
Athena++ to simulate the collision between two diffuse

Y TERSINTEERERET S
Athna++ 2D DDFT0 2> TDE

molecular clumps, each carrying an anti-parallel magnetic REFH, 200E<5VWEEDSL
field. The clump collision produces a narrow, straight, dense 747XV B, BEHET&LD
filament with a factor of >200 increase in density. The HBTREEL T4 XY 2N S
production of the dense gas 1s seven times faster than free-

fall collapse. The dense filament shows ring/fork-like ring/fork-likef &+ N 2.

structures 1n radiative transter maps. Cores 1n the filament
are confined by surface magnetic pressure. CMR can be an
important dense-gas-producing mechanism in the Galaxy
and beyond.



The Cloud Factory II: Gravoturbulent Kinematics of Resolved Molecular Clouds in a
Galactic Potential

Andres F. Izquierdo, Rowan J. Smith, Sitmon C. O. Glover, Ralf S. Klessen, Robin G.
Tress, Mattia C. Sormani, Paul C. Clark, Ana Duarte-Cabral, Catherine Zucker

We present a statistical analysis of the gravoturbulent velocity fluctuations in molecular
cloud complexes extracted from our "Cloud Factory" galactic-scale ISM simulation

suite. For this purpose, we produce non-LTE 12CO J=1-0 synthetic observations and
apply the Principal Component Analysis (PCA) reduction technique on a representative
sample of cloud complexes. The velocity fluctuations are self-consistently generated by
different physical mechanisms at play in our simulations, which include galactic-scale
forces, gas self-gravity, and supernova feedback. The statistical analysis suggests that,
even though purely gravitational effects are necessary to reproduce standard
observational laws, they are not sufficient in most cases. We show that the extra injection
of energy from supernova explosions plays a key role in establishing the global turbulent
field and the local dynamics and morphology of molecular clouds. Additionally, we
characterise structure function scaling parameters as a result of cloud environmental
conditions: some of the complexes are immersed 1n diffuse (inter-arm) or dense (spiral-
arm) environments, and others are influenced by embedded or external supernovae. In
quiescent regions, we obtain time-evolving trajectories of scaling parameters driven by
gravitational collapse and supersonic turbulent flows. Our findings suggests that a PCA.-
based statistical study 1s a robust method to diagnose the physical mechanisms that drive
the gravoturbulent properties of molecular clouds. Also, we present a new open source
module, the PCAFACTORY, which smartly performs PCA to extract velocity structure
functions from simulated or real data of the ISM 1n a user-friendly way. Software DOI:
10.5281/zeno0do.3822718
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Evolution of the density PDF 1n star forming clouds: the role of gravity
Etienne Jaupart, Gilles Chabrier

We derive an analytical theory of the PDF of density fluctuations in
supersonic turbulence in the presence of gravity in star-forming clouds.
The theory 1s based on a rigorous derivation of a combination of the
Navier- Stokes continuity equations for the fluid motions and the Poisson
equation for the gravity. It extends upon previous approaches first by
including gravity, second by considering the PDF as a dynamical system,
not a stationary one. We derive the transport equations of the density PDF,
characterize its evolution and determine the density threshold above
which gravity strongly affects and eventually dominates the dynamics of
turbulence. We demonstrate the occurence of two power law tails in the
PDF, with two characteristic exponents, corresponding to two different
stages in the balance between turbulence and gravity. Another important
result of this study is to provide a procedure to relate the observed column
density PDFs to the corresponding volume density PDFs. This allows to
infer, from the observation of column-densities, various physical
parameters characterizing molecular clouds, notably the virial parameter.
Furthermore, the theory offers the possibility to date the clouds 1n units of
tcoll, the time since a statistically significant fraction of the cloud started
to collapse. The theoretical results and diagnostics reproduce very well
numerical simulations and observations of star-forming clouds. The theory
provides a sound theoretical foundation and quantitative diagnostics to
analyze observations or numerical simulations of star-forming regions and
to characterize the evolution of the density PDF in various regions of
molecular clouds.
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