Dust Growth and
Magnetic Fields:

From Cores to Disks
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Dust Growth Magnetic Fields
in Class 0/l YSOs in Circumstellar Disks




Dust Growth
in Class 0/1 YSOs

\/ Star Formation

When does dust growth,
a first step of planet formation,




Coagulation (collisions)
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Accretion (condensation)




Theoretical points of view...

it is extremely difficult to form larger
(~ Imm) grains in Class 0/ YSOs

(c) Maximal coagulation model
ny = 10° em™

 initial //\ Dust grains > 10 micron
' only when

grains are sticky

the density is high

S g the lifetime is vey long

0.001 0.01

Note that T ~ IOK & {7 >~ 1O5yr e.g., Ormel et al 2009, Hirashita & Li 2013



How about observations??




sl Class || YSOs

RECENEN (protoplanetary disks)
:beta < |

: grain growth occurs

o = for optically thick regimes

Spectral index (o)

o = [ + 2 for optically thin regimes
B < 2 :indication for grain growth

e.g., Joergensen et al 2007, Ricci et al 2010, Tobin et al 2013, Miotello et al 2014



il Class || YSOs
WL (protoplanetary disks)
:beta < |

: grain growth occurs

Class 0/1 YSOs
:beta < |
: grain growth occurs

o = for optically thick regimes

Spectral index ()

o = [ + 2 for optically thin regimes
B < 2 :indication for grain growth

e.g., Joergensen et al 2007, Ricci et al 2010, Tobin et al 2013, Miotello et al 2014



il Class || YSOs
IR (protoplanetary disks)

— —— — — — —— ———— —————————————— —

: beta < |
: grain growth occurs

Class 0/1 YSOs

: beta < |
e mirAaTIn i~ rsla Aﬁcurs

Observations suggest that
larger (~ | mm) grains

Spe do exist

in Class 0/ YSOs!!

e.g., Joergensen et al 2007, Ricci et al 2010, Tobin et al 2013, Miotello et al 2014
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List of our targets

Source Name R.A. and Dec. Region  Distance (pc) Class

L1448 TRS3 03:25:36.00, +30:45:20.0 Perseus 240 0/1
L1448C 03:25:38.80, +30:45:05.0 Perseus 240
NGC1333 IRAS2 (A, B) 03:28:55.70, +31:14:37.0 Perseus 240
NGC1333 IRAS4 (A1, A2) 03:29:10.50, +31:13:31.0 Perseus 240
Barnard 1b (N, S) 03:33:21.14, +31:07:35.3 Perseus 240
L1527 04:39:53.90, +26:03:10.0 Taurus 140
L483 18:17:29.86, —04:39:38.8 Isolated 200
Serpens FIRS 1 18:29:49.80, +01:15:20.6 Serpens 415
L1157mm 20:39:06.19, +68:02:15.9 Isolated 325

use the archive data of

SMA (0.88mm, |.3mm, |.6mm)
VLA (7mm, |.36cm, 2cm, 3.7cm)
ALMA (0.88mm)

CARMA (3mm)

Spitzer MIPS (24 micron, 70 micron)
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Example: visibility data

Physical Scale (AU)

104 10°

0.385994
0.214220
0.988696

UV distance (klambda)
fit L1157_340CHz.uvamp




Example: visibility data

Physical Scale (AU
10° T (AV)

10° 107
" Extended component fac 2 03%izas

R_square 0.988696

UV distance (klambda)
fit L1157_340CHz.uvamp

perform a Gaussian fit for two components
focus on the compact component




Example: SED fitting
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Grain growth likely occurs in most Class 0/ YSOs!!

optically thin assumption

: NO approximation
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grain growth might
have occurred in the
prestellar phase

Note that the results are still preliminary



Next steps

Complete the analysis -Hsiu Li et al in prep
examine a number of (anti-)correlations

FoIIow-up observatlons to confirm the trend
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|/ Star Formatior Magnetic Fields in
Circumstellar Disks

Theoretical modeling
of the HL Tau disk




Astonishing ALMA Images of HL Tau

Partnership et al 2015

HL Tau :a Class I/l YSO
: ~140 pc

Observations

: done on Oct. 24,2014
: 14.5 hr at band 3 (101.9 GHz)
: 9.5 hr at band 6 (233 GHz)
- 2119 hratband 7 (343.5 GHz)




A “mystery” for the disk around HL Tau

Disk accretion rate ~ 10" — 107° Mg, yr*

Hayashi et al 1993, Beck et al 2010

himm = 2.15 au himm = 0.70 au
ass =3 1073 ass =3 1074

0, @

Pinte et al 2016




Explore 3 possible origins of disk accretion

Self-gravity MRIs with Magnetocentrifugal
(Gls) Ohmic resistivity winds (MCWVs)

e.g., Forgan et al 2010 e.g., Flock et al 2015 e.g.,Simon et al 2013

Develop a steady state disk model
and examine the disk around HL Tau



Steady State Disk Models

e.g.,Wardle 2007, Armitage et al 2013

M — MGL ar Mwind

MGL ~ ITaGLCshg2ig

Global
Stress

Womng 22 2 Wi G s




Steady State Disk Models

e.g.,Wardle 2007, Armitage et al 201 3

Mg = MGL —I_ MWind MGL e SWQGLCSthg
Global -
Stress Mwmd — 27TWW1ndCSTZ
Self-gravity MRIs with Magnetocentrifugal
(Gls) Ohmic resistivity winds (MCWVs)
10" MRIs with ohmic resistivity ()élé/[]-_lj{ I e
MC
GI ' Viscous
aGL Bt | evolution

Viscous ‘ o° ind-drive

wind

Dimensionless Stress

evolutlon ‘ /‘ / M C evolution
0"

10° 10 10° 10 10
3,
‘ .

Vorobyov & Basu 2007 Okuzumi & Hirose 201 | Simon et al 2013



winds (MCWVs)

Magnetocentrifugal
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Self-gravity MRIs with Magnetocentrifugal
(Gls) Ohmic resistivity ~ winds (MCWVs)

100 * Dust
surface density || Dust surface density

by Kwon et al 201 |
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winds (MCWVs)

Magnetocentrifugal
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Gls are active
when the gas-to-

Self-gravity
dust ratio is 100

(Gls)
Global Stress
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winds (MCWVs)
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the gas-to-dust
_ratio is <100

MRIs with
Ohmic resistivity
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Gls are active
when the gas-to-
dust ratio is 100

Self-gravity
(Gls)
Global Stress
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Self-gravity MRIs with Magnetocentrifugal

(Gls) Ohmic resistivity ~ winds (MCWVs)
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Self-gravity MRIs with Magnetocentrifuga

(Gls) Ohmic resistivity] winds (MCWVs)

Global Stress
B, =3 x 10*

Global Stress
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Gls are active
when the gas-to-
dust ratio is 100

the gas-to-dust
_ratio is <100
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Local Turbulent Strength Surface Density (g cm™*) Accretion Rate (M, yr?)

the gas-to-dust ratio
is much less than100

urface Density (g cm 2) Accretion Rate (M, yr 1)
=

Local Turbulent Strength Surface Density (g cm ?) Accretion Rate (M, yr?)
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Next steps

Complete the analysis Hasegawa et al in prep

Discuss a possibility that HL Tau disk is
in a quiescent phase of episodic accretion




Summary

Planet formation should be coupled intimately with star
formation

Dust growth and magnetic fields would play important roles in
exploring such coupling

Dust growth, a first step of planet formation, may occur even in
Class 0/ YSOs

Performed a survey-type of an observational study using the
archive data, and found that grain growth does occur in the
very early stage of star formation

Explored an origin of disk structures for the HL Tau, focusing
on 3 disk models (Gls, MRIs with Ohmic resistivity,
Magnetocentrifugal winds)

MCW models are the most likely for explaining two kinds of &/



