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Evolution of molecular clouds to protostars
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Introduction ~Dense cores in Taurus™
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Introduction mMc27/L1521F& 1A EH ?
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Introduction whatis MC27/L1521F?

|.R. observations with Spitzer space telescope
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Bourke+ 2006, Tereby+ 2009



Introduction

e VelLLOs (Very Low Luminosity Objects) &(& ?
— Low luminosity object in “starless”cores (Young+2004)
— Def: Internal luminosity < 0.1 Lsun (Di Francesco+ 2007)
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Interim summary of MC27/L1521F

Before ALMA obs. v.s. After ALMA obs.

Single-dish Obs. ALMA Obs.
Shape (Nearly) spherical Complex structures
Central Density ~10° cm-3 10°-107 cm=3 (MMS2,3)
Single or Multiple? | Single (VelLLO) (Possible) Multiple
Outflow evidence Scattered light | Compact molecular outflow?
Protostellar mass <0.1 Mo ? ~0.2 Mo
Accretion rate 10~-10"° Mo/yr? <108 Mo/yr
Disk size Large (>100AU) ? R~10 AU
Temperature ~10 K Warm CO gas, 15-60 K

Is it a typical protostellar core in an early stage of star formation ?




Protostar and condensations at the center of the core
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Declination (J2000)

Arc-like structure
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Interim summary of MC27/L1521F

Before ALMA obs. v.s. After ALMA obs.

Single-dish Obs.

ALMA Obs.

Shape

(Nearly) spherical

Complex structures

Central Density

~10% cm-3

10%-107 cm=3 (MMS2,3)

Single or Multiple?

Single (VelLLO)

(Possible) Multiple

Outflow evidence

Scattered light

Compact molecular outflow?

Protostellar mass <0.1 Mo ? ~0.2 Mo
Accretion rate 10~-10"° Mo/yr? <108 Mo/yr

Disk size Large (>100AU) ? R~10 AU
Temperature ~10 K Warm CO gas, 15-60 K

A highly dynamical protostellar core?




ALMA Cycle 3 Observations

Table: Specifications

Period ALMA Cycle 3

Target MC27(=L1521F)

Beam size 0."18 x 0."1 (25 x 14 AU)

Velocity resolution  0.85 km/s

Lines CO(3-2), H'3CO*(4-3), C'"O(3-2),

0.87 mm continuum

*ALMA 12m array alone (7m, TP observations in Cycle 1)

Main Results

1. R ~10 AU disk around ~0.2 M., protostar (Tokuda+17)

2. Warm CO gas generated by possible turbulent shocks (Tokuda+18)
- warm (15-50 K) gas, very thin filaments, and compact clumps



Declination (J2000)

A possible Keplerien disk around the VelLLO ?
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Zim =BG EDEENRFYDOHLEXE ?

AR Y (RYH
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Zim =BG EDEENRFYDOHLEXE ?

AR Y (RYH
- Low-luminosity (<0.07 Lo)™! IR TE D Accretion rate (4B /)
o =&LTH/MRE T outflow (<2e-8 Mo/yr)
-Spitzer CROLMNAHERELS - B D KRR Faccretion DA 5%
-BZEEOTOI7A4IL - [$3532e-6 Mo/yr T 7ed yr
(HrhEhY DAIE 3000 AU) MERTHE~01Mo DELES
"EEEAANL—U—LREH |ABINEREERENSIIIILTEY.
-~10 AUD disk3- 1% M #&% 8 LT=accretion (X HVERLN?
*1

Cold accretion* (L FAE—ZHEAF LU\ EE)
THWEERBATER L (FHIF1%~0.65 Ro)
* References: e.g., Hartmann+97, Hosokawa+11,
Baraffe+12, Vorobyov+17, Kunitomo+17
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Zin RN EDBEENRFYDOHAHER?
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12CO (3—2) channel map (12m+7m+TP) 0 10 30 60 (K)
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Tokuda+18 i | o + :Position of the protostar (MMS-1)
*Many filamentary/clumpy structures
*Warm CO gas (~60 K) around 4-5 km/s velocity range
=> Heating form the protostar? => Unlikely



Thin filaments in MC27 with the width scale of a few tens AU
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Several very thin filamentary gas => shocked layers ?
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Two orders of magnitude smaller than Jeans length with
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Discussion
Warm gas and filamentary gas delineate interface layer of two velocity components
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Warm CO filamentary gas generated by possible turbulent shocks
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Summary of MC27/L1521F

Before ALMA obs. v.s. After ALMA obs.

Single-dish Obs. ALMA Obs.
Shape (Nearly) spherical Complex structures
Central Density ~10° cm 10°-107 cm (MMS2,3)
Single or Multiple? Single (VelLLO) (Possible) Multiple
Outflow evidence Scattered light | Compact molecular outflow?
Protostellar mass <0.1 Mo ? ~0.2 Mo
Accretion rate 10~°-10° Mo/yr? <108 Mo/yr
Disk size Large (>100AU) ? R~10 AU
Temperature ~10 K Warm CO gas, 15-60 K

Possible origin: Dynamical (turbulent) motion in this system?
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ALMA View of A Dense Core, MC27/L1521F with ~20 AU Resolution
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HEEWNLGFEIBREDT VelLO + dense cores + arc-like gas
+ Warm CO gas + tiny clumps

TR E T OALMAER B D IFIK

1. EMERICIEIHF ENEHEBRORAKRETFIE(L1527, B335%3 L)

2. MQIDISIZEH TN HEF R EQAT7IOLEILT HYES

3. VelLO D IEARIZDULVNT=>FE [dsub-solar massE TEHOT=[RIRE?
(see also Lee et al. 2018, ==L, E&LIZIEL TLVESED)



ALMA Cycle 5 Observations

Table: Specifications

Period ALMA Cycle 5 (P.l., Tokuda, Grade A)

Target MC27(=L1521F)

Beam size 0.038 x 07.024 (5 x 3 AU) =>ALMAD IFIX DR F

Velocity resolution ~1 km/s

Lines 1.3 mm continuum, CO(2-1), 8CO(2-1), C'80(2-1)
RS

1. 1.1mm B Tdiskx B n L. 770 TIRIBEZRR
2. RCOMZEEREE (IXHFEYRLEMFHRLL..)




Discussion
Any comments are welcome!!

-MC27D4F - FEEH
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-7\ kdisk <10 AU
-BE~02MoDHILE (FETHDREZR TLNSHH?)
-BEAWN15-60 K) COA R: BLFRIZ LD EERAME?
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=>ff| Z [X. Cycle 7CED LHLTERRMEITAIIRLICM?
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