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38.

Dynamics Near the Inner Dead-Zone Edges in a Proprotoplanetary Disk

Kazunari Iwasaki, Kengo Tomida, Shinsuke Takasao, Satoshi Okuzumi, Takeru K. Suzuki % We perform three-
dimensional global non-ideal magnetohydrodynamic simulations of a protoplanetary disk containing the inner dead-
zone edge. We take into account realistic diffusion coefficients of the Ohmic resistivity and ambipolar diffusion based
on detailed chemical reactions with a single-size dust grains. We found that the conventional dead zone identified
by the Elsasser numbers of the Ohmic resistivity and ambipolar diffusion is divided into two regions: "the transition
zone' and "the coherent zone". The coherent zone has the same properties as the conventional dead zone, and extends
outside of the transition zone in the radial direction. Between the active and coherent zones, we discover the transition
zone whose inner edge is identical to that of the conventional dead-zone. The transition zone extends out over the
regions where thermal ionization determines diffusion coefficients. The transition zone has completely different physical
properties than the conventional dead zone, the so-called undead zone, and zombie zone. Combination of amplification
of the radial magnetic field owing to the ambipolar diffusion and a steep radial gradient of the Ohmic diffusivity causes
the eflicient evacuation of the net vertical magnetic flux from the transition zone within several rotations. Surface gas
accretion occurs in the coherent zone but not in the transition zone. The presence of the transition zone prohibits
mass and magnetic flux transport from the coherent zone to the active zone. Mass accumulation occurs at both edges
of the transition zone as a result of mass supply from the active and coherent zones.
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Fig. 1. (Left) Initial setup of the simulation. The color map indicates the ini-
tial density profile in the code units, and the black lines indicate the stream-
lines of the magnetic fields. The red (blue) line corresponds to the condition
Ao =1 (Aa = 1), which show the OR (AD) dead zone boundary. The ma-
genta lines show z = £z, (R) above which the warm atmospheres exist.
The right panel is the same as the left panel but it shows the zoom-in of the
region enclosed by the black rectangle shown in the left panel.
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31.

TIPSY: Trajectory of Infalling Particles in Streamers around Young stars. Dynamical
analysis of the streamers around S CrA and HL Tau

Aashish Gupta, Anna Miotello, Jonathan P. Wllllams, Til Birnstiel, Michael Kuffmeier, Hsi-Wei Yen % Context.
Elongated trails of infalling gas, often referred to as "streamers," have recently been observed around young stellar
bjects (YSOs) at different evolutionary stages. This asymmetric infall of material can significantly alter star and
lanet formation processes, especially in the more evolved YSOs. Aims. In order to ascertain the infalling nature of
bserved streamer-like structures and then systematically characterize their dynamics, we developed the code TIPSY
(Trajectory of Infalling Particles in Streamers around Young stars). Methods. Using TIPSY, the streamer molecular
line emission is first isolated from the disk emission. Then the streamer emission, which is effectively a point cloud
in three-dimensional (3D) position-position-velocity space, is simplified to a curve-like representation. The observed
streamer curve is then compared to the theoretical trajectories of infalling material. The best-fit trajectories are used
to constrain streamer features, such as the specific energy, the specific angular momenta, the infall timescale, and
the 3D morphology. Results. We used TIPSY to fit molecular-line ALMA observations of streamers around a Class
IT binary system, S CrA, and a Class I/II protostar, HL. Tau. Our results indicate that both of the streamers are
consistent with infalling motion. TIPSY results and mass estimates suggest that S CrA and HL Tau are accreting
material at a rate of 2 27 M,yupiter Myr~! and > 5 M, upiter Myr~!, respectively, which can significantly increase
the mass budget available to form planets. Conclusions. TIPSY can be used to assess whether the morphology and
kinematics of observed streamers are consistent with infalling motion and to characterize their dynamics, which is
crucial for quantitying their impact on the protostellar systems.
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Fig. 1: Schematic diagram of coordinate axes used to compute
the theoretical trajectories of infalling gas (green cloud) around

a protostellar system (orange star), as discussed in Sect. 2.1. 75
and v denote the initial position and velocity vector of infalling
gas, respectively. 7 represents the position vector of gas at a fu-
ture point in 1ts trajectory (circumference of blue ellipse), with 6

and ¢ d@HOtlng the polar and az¥mU'thal an,\glés’ respAectlvely. The Fig. 2: Flow of S CrA >CO (2-1) data in the TIPSY pipeline. Panel a: Intensity-weighted velocity (moment 1) map in colors,
dashed red arrows show the unit vectors X > YV, and Z, defined us- overlaid with contours representing the integrated intensity (moment 0; see Fig. E.1). The red segments in the bottom-left corners

. . . —_ —_ . depict a length scale of 1,000 au. The pink ellipses in the bottom-right corners depicts the beam size of the data. Panel b: Isometric
ing the directions of ry and vy. Together they set the coordinate

projection of the 3D PPV diagram of pixels with intensity > 5o in the whole field of view. Panel c: Isometric projection of the

. . _ PPV diagram of an isolated and cleaned streamer. The red square and its error bars represent intensity-weighted means and standard
f.rame 1 Wthh TIPSY solves the Mendoza. et al' (2009) equa deviations, respectively. Panel d: Same as Panel c, but with the best-fit trajectory, as represented by the black line. Black circles
1 denote the interpolated values of the theoretical trajectory, which are directly compared to the intensity-weighted means. Panel e:

1011S. € gray plane represents ine , W1 € Overial ar y-weig

Same as Panel b, but with the best-fit trajectory, as represented by the black line. Note: 3D interactive versions of panels d and e are

gray arrows denoting the coordinate frame of our observations. available online.
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Table 2: Fitting results for S CrA and HL Tau.

Quantity S CrA HL Tau
RA offset [AU] 1149+76 227412
Decl. offset [AU] 618+123 -159+15
LOS offset [AU] 300+150 -1400+573
RA speed [km / s] 0.37+0.18 0.3+0.6
Decl. speed [km / s] -0.47+£0.15 0.6x1.2
LOS speed [km / s] 0.02+0.17 1.79+0.20
Specific kinetic energy [km? / s°] 0.1840.10  1.8+0.9
Specific potential energy [km? / s?] -1.33+0.09  -1.3+0.5
Specific angular momentum [AU km /s] 791218 606+1803
Infall time [yr] 8301+1358 2724+1237

HENTWED

X5 & > & MEH

- infalling time A% D T,

BEEhRE

IHULH?

237mH47TD2 Fstreamer

2

Mstreamer

Atrans. hvxmol f u

Using these values, we estimated the streamer masses to be

ATV wvoewviria

>2.1%x10™* My and > 1.2 X 10~ Mg, for S CrA and HL Tau,

time for the observed streamer Mass 1nfa11 rates are found to be
> 2.5x%x 107% Mg yr 1 (or 2 27 M ,pizer Myr™!) for S CrA and

> 4.5x 1077 Mg yr™! (or 2 4.7 M pirer Myr™!) for HL Tau. In-



37.

On the magnetic field properties of protostellar envelopes in Orion

Bo Huang, Josep M. Girart, Ian W. Stephens, Manuel Fernandez-Lopez, Hector GG. Arce, John M. Carpenter,
Paulo Cortes, Erin G. Cox, Rachel Friesen, Valentin J. M. Le Gouellec, Charles L. H. Hull, Nicole Karnath,
Woojin Kwon, Zhi-Yun Li, Leslie W. Looney, Tom Megeath, Philip C. Myers, Nadia M. Murillo, Jaime E.
Pineda, Sarah Sadavoy, Alvaro Sanchez-Monge, Patricio Sanhueza, John J. Tobin, Qizhou Zhang, James M.
Jackson, Dominique Segura-Cox % We present 870 um polarimetric observations toward 61 protostars in the Orion
molecular clouds, with 400 au (1") resolution using the Atacama Large Millimeter/submillimeter Array. We success-
fully detect dust polarization and outflow emission in 56 protostars, in 16 of them the polarization is likely produced
by self-scattering. Self-scattering signatures are seen in several Class 0 sources, suggesting that grain growth appears
to be significant in disks at earlier protostellar phases. For the rest of the protostars, the dust polarization traces the
magnetic field, whose morphology can be approximately classified into three categories: standard-hourglass, rotated-
hourglass (with its axis perpendicular to outflow), and spiral-like morphology. 40.0% (+-3.0%) of the protostars exhibit
a mean magnetic field direction approximately perpendicular to the outflow on several 100-1000 au scales. However,
in the remaining sample, this relative orientation appears to be random, probably due to the complex set of morpholo-
gies observed. Furthermore, we classify the protostars into three types based on the C170 (3-2) velocity envelope’s
gradient: perpendicular to outflow, non-perpendicular to outflow, and unresolved gradient (<1.0 km/s/arcsec). In
protostars with a velocity gradient perpendicular to outflow, the magnetic field lines are preferentially perpendicular
to outflow, most of them exhibit a rotated hourglass morphology, suggesting that the magnetic field has been over-
whelmed by gravity and angular momentum. Spiral-like magnetic fields are associated with envelopes having large
velocity gradients, indicating that the rotation motions are strong enough to twist the field lines. All of the protostars
with a standard-hourglass field morphology show no significant velocity gradient due to the strong magnetic braking.




On the magnetic field properties of protostellar envelopes in Orion

BoHuang,lJosepM.Girart,l .2IanW.Stephens ,3ManuelFerna'ndezLo pez AHectorG.Arce SJohnM.Carpenter,0PauloCortes,” -8 Erin G. Cox,? Rachel Friesen,10 Valentin J. M. Le Gouellec,!1, 12 Charles L. H.
Hull,6, 13 Nicole Karnath,14, 15, 16 Woojin Kwon,17, 18 Zhi-Yun Li,19 Leslie W. Looney,20 Tom Megeath,21 Philip C. Myers,16 Nadia M. Murillo,22, 23 Jaime E. Pineda,24 Sarah Sadavoy,25

A'lvaroSa’nchez-Monge, ! .2PatricioSanhueza,20.27JohnJ . Tobin,’QizhouZhang,16JamesM Jackson,”andDominiqueSegura-Cox24.28

- BT R: AU AV KREFAEE, (OMCs) [ - U TILD S E2/5 TN REIEN T U N T
H561EDOEWVMEEERKBE, AI_I\/A87O — X U CEETHS D —A. BDODI/LIEZ
UMDY X MR THRE VI LIEHENAMZ D, MUVRELZ 5

2
, - KT, BilBs 7 b7 O—8IcH L TEE
. 16EORATHSHEANBAS N, ZDE< 53 B

[ZClass ODERREICHD. T4 R VEILDIES

IC B W TORFRENTE I NS, . SRR & IS DB BONEEAR A
HOEMEIT. O EEE F 1o (FIEHER DR

. AOEDRBETIVARO—TFRT—)L (8 im“%:miﬁhﬁﬁéo ) 5 RO R S AU D

3000 aux@) TOHHE KL —A. B0, WISOBRERENCEEHBICHANT

. BB ILEIC=DIcOEa NS WiFsHR FNIFEEETLRWEEZIOSND, BB

O] Ex ) ;‘Jri 2 INA Z)UEY, BETlE. DEmEFI IS ZIZUEITSDICT
| SRR A,




r=r=1

. BOPS (B-field Orion Protostellar Survey) (&b, AUA VR FERND
S1EDEWNMEEBERIIBEDE70 um%Y X Mtz &8,

. &0H1 7 « —)U K VLA/ALMA Nascent Disk and Multiplicity (VANDAM)
Surveylc K > THRHESNIBTDRBE T « —IL K, EHEISNTZIRIBE D KF

F. A=

[ZClass O ¢. —EZBIcBEA\U\Class IF®8EHEEF N5,

ASHIIR A N — 7 ANBEERD I /4 AL NRJLIEKI0.1 mly/E— L




- DEC (ICRS)

(3]
n

Perp-Type: velocity gradient direction L outflow direction (67.5° < |6oy — 6,| < 90°)

Polarization intensity (mJy/beam)
0 1 2 7

Velocity (km/s)
8 9

Velocity (km/s)
8 9

10 7 10 0

Intensity (Jy/beam)
0.05 0.1

Jo s R

u

Pl G

1Y 7525 81|45 1]

1Tl

~ - -

v ’ 11+r '
»0” FHH270IRS HHL O
A ll\
16 10+ :
12// :
8” L E 9 — o — 'lT
" o \
4" r g '
6/0// L g R jo— —
Al
56 2
5,)// | '
10‘@'au
48” -.1 n i 1 r, " A L a 1 - 1 I L 1 1 L = 6 L
5]‘51’“23.8?3.4S 237 226 222° 21.8° 23" 22.8° 22.6° 22:4° 22.8° 99.9° -10
RA (ICRS) RA (ICRS) RA (ICRS)

0
Offset (arcsec)

Nonperp-Type: velocity gradient direction is not perpendicular to outflow direction (/6o — 6,| < 67.5°)

Polarization intensity (mJy/beam)
0 1 3 4

l

Velocity (km/s) Velocity (km/s)
6 8 6 8

10 -

10 0
-

0.05

. EDS. 870 umP A MR

S BB, EEE., ZOIHA

" i u
56 5 bHOPS-182 §< PV I a ra
-6 220" | N\ d g I I I
4"t . . 10+ o
g;)\ 8" b RN ) \ 'y v ' ' :g gl ':‘”’,,"
I S ] { | ’1\'\ ’: NP ——— |
Eé 12 » ~ ; £ 6, ; i 75\ EIQI_I:I_ @B t J ‘7 I\
duml Hay NS IR 2 D) /
4t '-," _ :
20" g 0 D {\ — 'I—'— 7—\ i-E /_\ T I
— N
Wle  F a v s sk e i , | ‘ o} : 7b | K2 A D Z
h4,m s s s s S S S S S S S
5"36M19.6°19.2°  18.8° 18.4° 18 19.2 18.8 18.4 18.9 18.8 18.7 10 0 -
RA (ICRS) RA (ICRS) RA (ICRS) Offset (arcsec) L \ % :l:%/—\ J—\- < Z_ 7"\l 7’:)\ -
Unres-Type: velocity gradient is unresolved M~ 7L
Polarization intensity (mJy/beam) Velocity (km/s) Velocity (km/s)
0 2 4 6 8 Inlensit& (Jy/beam) 7’__ iE /._\
. ] 0 0.1 2 0.3 0.4
HOPS-399 . epa s -
56" | -
21807 | ol :
2 . R ,‘ » = \/ ~ A
2 4"t T et ° I/ . Lj: )' ) b ) % ﬁﬁ
9 ............. =% 9t " : ":"« l N
o 8t 2 b t
0 2 v ' —_—
~ I : i%@ \‘/ :l:/;j)’lj—lﬁ:'
. o
16" + |
20” . s L P : =
SPAIm25 80 254F 25% 246 240" 25.4° 25 24.6° 25" 24.9° 10 P 10
RA (ICRS) RA (ICRS) RA (ICRS) g



T

ERN RPN N =R
| ClERPRFET DR /INA Z )L

Velocity gradient VS outflow direction L

B-field morphology Number Perp-Type (8)  Nonperp-Type (6) Unres-Type (25) 7'3 % 75\ P, 7— <o ﬁﬂ\ -/I-@ Lj: @ O<

>>: < Standard-hourglass 8 0 0 8 D géi < 7,— d: \J \ ,?

______ . AI\A 7) L D355 E3%
Spiral 9 2 4 3 7 _I_ H\—C < D

ba

S Not enough data 5% 0 1 3

| :
: II*I | Self-scattering 16 9 3 4

v

Figure 3. Number of protostars for different types of B-field morphology. In the first column, green rings indicate protoplanetary envelope (disk
for self-scattering), star symbols located at the center indicate protostars. Red and blue arrows indicate the outflow directions. Black curves and
segments indicate the B-field orientation, while magenta segments indicate polarization direction. HOPS-250, does not have 40 polarization
detection within annular region from 400 to 1000 au scale, is included in the type of Not enough data, which is marked by the asterisk symbol.
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Protoplanetary Disk Polarization at Multiple Wavelengths: Are Dust Populations Di-
verse?’

Rachel E. Harrison, Zhe-Yu Daniel Lin, Leslie W. Looney, Zhi-Yun Li, Haifeng Yang, Ian Stephens, Manuel
Fernandez-Lopez % Millimeter and sub-millimeter observations of continuum linear dust polarization provide insight
into dust grain growth in protoplanetary disks, which are the progenitors of planetary systems. We present the results
of the first survey of dust polarization in protoplanetary disks at 870 yum and 3 mm. We find that protoplanetary
disks in the same molecular cloud at similar evolutionary stages can exhibit different correlations between observing
wavelength and polarization morphology and fraction. We explore possible origins for these differences in polarization,

including differences in dust populations and protostar properties. For RY Tau and MWC 480, which are consistent
with scattering at both wavelengths, we present models of the scattering polarization from several dust grain size
distributions. These models aim to reproduce two features of the observational results for these disks: (1) both disks
have an observable degree of polarization at both wavelengths and (2) the polarization fraction is higher at 3 mm than
at 870 um in the centers of the disks. For both disks, these features can be reproduced by a power-law distribution of
spherical dust grains with a maximum radius of 200 ym and high optical depth. In MWC 480, we can also reproduce
features (1) and (2) with a model containing large grains (... = 490 pum ) near the disk midplane and small grains
(@maz = 140 pm) above and below the midplane.
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Figure 2. Images of Haro 6-13, MWC 480, RY Tau, V892 Tau, and DL Tau showing the polarization angles at 870 um (red
lines) and 3 mm (blue lines). The black contours represent Stokes I at levels of -3 (dashed), 3, 10, 50, 100, 250, 325, 500, 750,
1000, and 15000, where o is the RMS of the smoothed 870 um images. Vectors are plotted in regions where the total intensity
and polarized intensity are both > 30. The length of the vectors is scaled with percent polarization up to a threshold of 3% to
better show the variation at low polarization fraction. The blue ellipse represents the beam size.
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32. Maser Flares Driven by Isothermal Shock Waves
M. D. Gray, S. Etoka, B. Pimpanuwat, A. M. S. Richards ¥ We use 3D computer modelling to investigate the
timescales and radiative output from maser flares generated by the impact of shock-waves on astronomical unit-scale
clouds in interstellar and star-forming regions, and in circumstellar regions in some circumstances. Physical conditions
are derived from simple models of isothermal hydrodynamic (single-fluid) and C-type (ionic and neutral fluid) shock-
waves, and based on the ortho-H50O 22-GHz transition. Maser saturation is comprehensively included, and we find
that the most saturated maser inversions are found predominantly in the shocked material. We study the effect on the
intensity, flux density and duration of flares of the following parameters: the pre-shock level of saturation, the observer’s

viewpoint, and the shock speed. Our models are able to reproduce observed flare rise times of a few times 10 days,
specific intensities of up to 10° times the saturation intensity and flux densities of order 100(R/d)*Jy from a source of
radius R astronomical units at a distance of d kiloparsec. We tound that flares from C-type shocks are approximately
5 times more likely to be seen by a randomly placed observer than flares from hydrodynamically shocked clouds of
similar dimensions. We computed intrinsic beaming patterns of the maser emission, finding substantial extension of
the pattern parallel to the shock front in the hydrodynamic models. Beaming solid angles for hydrodynamic models
can be as small as 1.3 x 107 °sr, but are an order of magnitude larger for C-type models.



33. Radial and vertical constraints on the icy origin of HyCO in the HD 163296 Protoplan-
etary Disk
Claudio Hernandez-Vera, Viviana V. Guzman, Elizabeth Artur de la Villarmois, Karin I. Oberg, L. Ilsedore
Cleeves, Michiel R. Hogerheijde, Chunhua Qi, John Carpenter, Edith C. Fayolle % H5CO is a small organic
molecule widely detected in protoplanetary disks. As a precursor to grain-surface formation of CH3OH, H,CO is
considered an important precursor of O-bearing organic molecules that are locked in ices. Still, since gas-phase re-
actions can also form HyCO, there remains an open question on the channels by which organics form in disks, and
how much the grain versus the gas pathways impact the overall organic reservoir. We present spectrally and spatially
resolved Atacama Large Millimeter /submillimeter Array observations of several ortho- and para-HoCO transitions
toward the bright protoplanetary disk around the Herbig Ae star HD 163296. We derive column density, excitation
temperature, and ortho-to-para ratio (OPR) radial profiles for HyCO, as well as disk-averaged values of Np ~ 4 x 101?
cm™ 2, Toe ~ 20 K, and OPR ~ 2.7, respectively. We empirically determine the vertical structure of the emission,
finding vertical heights of z/r ~ 0.1. From the profiles, we find a relatively constant OPR ~ 2.7 with radius, but still
consistent with 3.0 among the uncertainties, a secondary increase of Nt in the outer disk, and low 7., values that
decrease with disk radius. Our resulting radial, vertical, and OPR constraints suggest an increased UV penetration
beyond the dust millimeter edge, consistent with an icy origin but also with cold gas-phase chemistry. This Herbig
disk contrasts previous results for the T Tauri disk, TW Hya, which had a larger contribution from cold gas-phase
chemistry. More observations of other sources are needed to disentangle the dominant formation pathway of HoCO in
protoplanetary disks.



34. The Physical Origin of the Stellar Initial Mass Function

Patrick Hennebelle, Michael Y. Grudi¢ ¥ Stars are amongst the most fundamental structures of our Universe.
They comprise most of the baryonic and luminous mass of galaxies, synthethise heavy elements, and injec t mass,
momentum, and energy into the interstellar medium. They are also home to the planets. Since stellar properties are
primarily decided by their mass, the so-called stellar initial mass function (IMF) is critical to the structuring of our
Universe. We review the various physical processes, and theories which have been put forward as well as the numerical
simulations which have been carried out to explain the origin of the stellar initial mass function. Key messages from
this review are: (1) Gravity and turbulence most likely determine the power-law, high-mass part of the IMF. (2)
Depending of the Mach number and the density distribution, several regimes are possible, including I'73,r >~ 0, -0.8, -1
or -1.3 where dN/dlog M oc MY 1™F  These regimes are likely universal, however the transition between these regimes
is not. (3) Protostellar jets can play a regulating influence on the IMF by injecting momentum into collapsing clumps
and unbinding gas. (4) The peak of the IMF may be a consequence of dust opacity and molecular hydrogen physics at
the origin of the first hydrostatic core. This depends weakly on large scale environmental conditions such as radiation,
magnetic field, turbulence or metallicity. This likely constitutes one of the reason of the relative universality of the

IMF.



36.

Inefficient star formation in high Mach number environments 1. The turbulent support
analytical model

Patrick Hennebelle, Noé Brucy, Tine Colman % The star formation rate (SFR), the number of stars formed per unit
of time, is a fundamental quantity in the evolution of the Universe. While turbulence is believed to play a crucial role
in setting the SFR, the exact mechanism remains unclear. Turbulence promotes star formation by compressing the gas,
but also slows it down by stabilizing the gas against gravity. Most widely-used analytical models rely on questionable
assumptions, including: ¢) integrating over the density PDF, a one-point statistical description that ignores spatial
correlation, i) selecting self-gravitating gas based on a density threshold that often ignores turbulent dispersion, #47)
assuming the freefall time as the timescale for estimating SFR without considering the need to rejuvenate the density
PDF, iv) assuming the density PDF to be lognormal. Improving upon the only existing model that incorporates the
spatial correlation of the density field, we present a new analytical model. We calculate the time needed to rejuvenate
density fluctuations of a given density and spatial scale, revealing that it is generally much longer than the freefall time,
rendering the latter inappropriate for use. We make specific predictions regarding the role of the Mach number, M,
and the driving scale of turbulence divided by the mean Jeans length. At low to moderate Mach numbers, turbulence
does not reduce and may even slightly promote star formation by broadening the PDF. However, at higher Mach
numbers, most density fluctuations are stabilized by turbulent dispersion, leading to a steep drop in the SFR as the
Mach number increases.



39. Meteorites and Planet Formation
Rhian H. Jones % Meteorites are a remarkable resource. They capture the imagination of people worldwide with their
spectacular entry through Earth’s atmosphere as fireballs, and their exotic character of being pieces of other worlds.
Scientifically, they are critical to interpreting the early stages of formation of the Solar System, as well as the geological
evolution of asteroids, the Moon, and Mars, and they are vital to understanding planetary formation processes. With
the burgeoning exploration of extrasolar planetary systems, knowledge of the fundamental process of planetary growth
from protoplanetary disks has taken on a new significance. Meteorites provide essential and detailed insight into the
formation of planetary systems, although we must bear in mind that they only represent one reference point (our own
Solar System) in what is clearly a wide spectrum of possible chemical and physical parameters governing the diverse
realm of extrasolar planets. This chapter summarises the nature of our meteorite collections, and the ways in which
meteorites contribute to our understanding of the formation and evolution of our own Solar System, with broader
implications for planetary systems in general.




40 The CO-to-H,; Conversion Factor in the Central Molecular Zone of the Milky Way using
- CO 1isotopologues

Mikito Kohno, Yoshiaki Sofue % We performed correlation analyses between the “CO and '*CO J =1-0 line
intensities in order to derive the variability of the CO-to-Hs conversion factor (Xco iso) in the central molecular zone
(CMZ) of our Galaxy. New high-resolution X¢o ijso maps at a resolution of ~ 30" and the longitude-velocity diagram
(LVD) at resolution ~ 30" x 2 km s~! are presented using the ¥CO and *CO archival survey data obtained by
the Nobeyama 45 m telescope. We revealed the variation of Xcop iso In the CMZ within the range of Xco iso ~
(0.2—-1.3) x 10?Y cm~? (K km s~ !)~1, if we assume the normalization value of 0.59 x 10? cm™ (K km s~1')~!. The
mean value is obtained as Xco iso = (0.48 £ 0.15) x 10?° cm™% (K km s~ 1)~ ! in the CMZ of our Galaxy.




41.

Scales of Stability and Turbulence in the Molecular ISM

Eric Keto % From the archival data of the BU-FCRAO !* CO GRS, we measure the radial profiles of column density
and turbulent velocity dispersion from the centers of molecular clouds outward into the surrounding diffuse molecular
ISM. Averaged across spatial scales, the profiles are consistent with turbulence that is on average in hydrostatic
equilibrium. We measure the turbulent kinetic energy (KE) and the gravitational potential energy (GE) within
and the pressure energy (PE) outside the clouds. The distribution of the sum 2KE-|GE|-PE has a mean near zero
indicating approximate virial equilibrium. The average pressure energy is consistent with estimates of the pressure of
the multiphase ISM at the Galactic mid-plane. If the dynamical time scale of the turbulence scales with its crossing
time, this apparent equilibrium may result from the rapid virialization of the KE and GE with respect to changes in
PE. In a snapshot, the clouds appear to be in virial equilibrium within a confining pressure. However, the duration
of the equilibrium is approximately the crossing time. An analysis of Larson’s scaling relationships of line width and
column density finds no correlation. Tthe inference of constant column density with cloud size is a misinterpretation



42. Kinematic age of the $-Pictoris moving group

Jinhee Lee, Inseok Song % Accurate age estimation of nearby young moving groups (NYMGs) is important as
they serve as crucial testbeds in various fields of astrophysics, including formation and evolution of stars, planets,
as well as loose stellar associations. The [S-Pictoris moving group (BPMG), being one of the closest and youngest
NYMGs, has been extensively investigated, and its estimated ages have a wide range from ~10 to 25 Myr, depending
on the age estimation methods and data used. Unlike other age dating methods, kinematic traceback analysis offers
a model-independent age assessment hence the merit in comparing many seemingly discordant age estimates. In this
study, we determine the kinematic ages of the BPMG using three methods: probabilistic volume calculation, mean
pairwise distance calculation, and covariance matrix analysis. These methods yield consistent results, with estimated
ages in the range of 14 to 20 Myr. Implementing corrections to radial velocities due to gravitational redshift and
convectional blueshift increases the ages by ~ 2 — 4 Myr. Conversely, considering data uncertainties decreases the
estimated ages by 1 to 2 Myr. Taken together, our analysis determined the kinematic age of BPMG to be 16.3J_r?2’jil
Myr. This age is significantly younger than the commonly accepted age of the BPMG (~24 Myr) determined primarily
from the lithium depletion boundary analysis. This younger kinematic age may point to the discrepancy between the
luminosity evolution and lithium depletion models or the presence of unaccounted systematic error in the method.
This result underscores the necessity for systematic reevaluations of age-dating methods for nearby, young moving
gToups.




43 Formation of the four terrestrial planets in the Jupiter-Saturn chaotic excitation sce-
nario: fundamental properties and water delivery
Patryk Sofia Lykawka, Takashi Ito % The Jupiter-Saturn chaotic excitation (JSCE) scenario proposes that the
protoplanetary disk was dynamically excited and depleted beyond 1-1.5 au in a few Myr, offering a new and plau-
sible explanation for several observed properties of the inner solar system. Here, we expanded our previous work by
conducting a comprehensive analysis of 37 optimal terrestrial planet systems obtained in the context of the JSCE
scenario. Each optimal system harbored exactly four terrestrial planets analogs to Mercury, Venus, Earth, and Mars.
We further investigated water delivery, feeding zones, and accretion history for the planet analogs, which allowed us to
better constrain the water distribution in the disk. The main findings of this work are as follows: 1) the formation of
four terrestrial planets with orbits and masses similar to those observed in our solar system in most of our sample, as
evidenced by the dynamically colder and hotter orbits of Venus-Earth and Mercury-Mars analogs, and the high success
rates of similar mutual orbital separations ( 40-85%) and mass ratios of the planets ( 70-90%) among the 37 systems;
and 2) water was delivered to all terrestrial planets during their formation through the accretion of water-bearing
disk objects from beyond 1-1.5 au. The achievement of Earth’s estimated bulk water content required the disk to
contain sufficient water mass distributed within those objects initially. This requirement implies that Mercury, Venus,
and Mars acquired water similar to the amount on Earth during their formation. Several of our planet analogs also
matched additional constraints, such as the timing of Moon formation by a giant impact, Earth’s late accretion mass

and composition, and Mars’s formation timescale.




44 Disk dissipation, giant planet formation and star-formation-rate fluctuations in the past
three-million-year history of Gould’s Belt
Mingchao Liu, Jinhua He, Jixing Ge, Tie Liu, Yuping Tang, Xuzhi Li % Although episodic star formation (SF') had
been suggested for nearby SF regions, a panoramic view to the latest episodic SF history in the solar neighborhood
is still missing. By uniformly constraining the slope a of infrared spectral energy distributions (SEDs) of young
stellar objects (YSOs) in the 13 largest Gould’s Belt (GB) protoclusters surveyed by Spitzer Space Telescope, we
have constructed a cluster-averaged histogram of o representing YSO evolution lifetime as a function of the « value.
Complementary to the traditional SED classification scheme (0, I, F, II, IIT) that is based on different « values, a
staging scheme (A,B,C,D,E) of SED evolution is advised on the basis of the « statistical features that can be better
matched to the physical stages of disk dissipation and giant planet formation. This has also allowed us to unravel
the fluctuations of star formation rate (SFR) in the past three-million-year (3 Myr) history of these GB protoclusters.
Diverse evolutionary patterns such as single peak, double peaks and on-going acceleration of SFR are revealed. The
SFR fluctuations are between 20% ~ 60% (~ 40% on average) and no dependence on the average SFR or the number of

SEF'R episodes is found. However, spatially close protoclusters tend to share similar SFR fluctuation trends, indicating
that the driving force of the fluctuations should be at size scales beyond the typical cluster sizes of several parsec.



45.

Can near-to-mid infrared spectral energy distribution quantitatively trace protoplane-
tary disk evolution?

Mingchao Liu, Jinhua He, Zhen Guo, Jixing Ge, Yuping Tang s Infrared (IR) spectral energy distribution (SED)
is the major tracer of protoplanetary disks. It was recently proposed to use the near-to-mid IR (or K-24) SED slope
« defined between 2-24um as a potential quantitative tracer of disk age. We critically examine the viability of this
idea and confront it with additional statistics of IR luminosities and SED shapes. We point out that, because the
statistical properties of most of the complicated physical factors involved in disk evolution are still poorly understood
in a quantitative sense, the only viable way is to assume them to be random so that an idealized ‘average disk’ can be
defined, which allows the « histogram to trace its age. We confirm that the statistics of the zeroth order (luminosity),
first order (slope ) and second order characteristics (concavity) of the observed K-24 SEDs indeed carry useful in-
formation upon the evolutionary processes of the ‘average disk’. We also stress that intrinsic diversities in K-24 SED
shapes and luminosities are always large at the level of individual stars so that the application of the evolutionary

path of the ‘average disk’ to individual stars must be done with care. The data of most curves in plots are provided
on GitHub.




