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Hierarchical Star Formation

Molecular cloud

|

Blrth of protostars

:
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High-mass Star Formation Scenario

Molecular cloud | Birth of a high-mass
(1-10 pc)

| prestellar core
{McKee and Tan 2002, 2003

| A cluster of low-mass cores ® ; Q %
| ore growt ; A

‘
019)

Bonnell et al. 2001, Vazguez-Semadeni et al.

RSy e
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Questions to be Addressed

Core Mass |

‘ Q1. Does turbulent high-
Imass prestellar core exist?

Core stability

Q3. Supported by
turbulence or B-fields?

i Q2. Do low-mass core firstly form?
Q4. Gravitationally unstable?

x Distribution
Q5 Is there any preferred location

of more massive objects?

Gas dynamics Q6. Is there any sign of gas feeding around core?
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Questions to be Addressed

ce01 Are low-mass stars formed by a different physical process than high-mass stars?

Core Mass ;

| Q1. Does turbulent high-
Imass prestellar core exist?

‘ ) " Co09 Are there high-mass pre-stellar cores?

Q2. Do low-mass core firstly form? |
tu Do all cores (even in IRDCs) start as a low-mass core .o | Q4. Gravitationally unstable?

with about a thermal Jeans mass and then grow by competitive accretion?

>

Core stability

Q3. Supported by
turbulence or B-fields?

Distribution
Q5. Is there any preferred location

of more massive objects?
o111 Do cores already show mass segregation within young stellar clusters?

Gas dynamics Q6. Is there any sign of gas feeding around core?
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The ALMA Survey of 70 um dark High-mass clumps in Early Stages

Pl: Patricio Sanhueza (NAOJ)

Targets: 39 high-mass prestellar clump candidates

No point source bright at 24 pmand 70 pm, 7T < 25K
Ellelii. f O W2y & N '

The capability of forming high-mass stars
(2> 0.1 gcm‘z, M > 300 M)

-12
- == Urquhart+2014

— Kauffmann & Pillai 2010 I
/
/

10-1 | 100
Rcl [pc]

ASHES [X. Morii et al. 2023, Apd, 950, 109
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- ASHES Project

Observations: ALMA Band 6 mosaics (1.3 mm) with 6~1.2” (0.02 pc/4800 au @4 Kpey= &

L

-
-

e

- ¥ "-I-

Dust continuum emission of thirty-nine clumps
/m-array + 12m-array

' "

1 arcmin. (~1 pc)

ASHES IX. Morii et al. 2023, ApdJ, 950, 109
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0.1 pc

Kaho MORII

This is the largest sample ever observed in IRDCs

The ALMA Survey of 70 um dark High-mass clumps in Early Stages (ASHES)

oo bust continuum emission (/m-array + 12m-array)
| G024.010+00.489 Q | G025.163-00.304 {1 G305.794-00.096 -
| ¥
"~ Dust \qutinuum (870 pm).”
| by single-dish.observations
ASHES IX. Morii et al. 2023, ApJ, 950, 109

9 /27



The ALMA Survey of 70 pm dark High-mass clumps in Early Stages (ASHES)

Pilot survey (12 clumps) ~300 cores
l. Clump fragmentation Sanhueza et al. (2019)
Il. Outflow Li et al. (2020) CO (J=2-1), SiO (J=5-4) VIIl. Dynamics Li et al. (2023)
VI. CO depletion Giovanni et al. (2022) C'80O (J=2-1) NoD* (J=3-2), DCO~ (J=3-2), C180 (J=2-1)
VIl. Chemistry Li et al. (2022) X. Hot gas Izumi et al. (2024)
N,D+ (J=3-2), DCO* (J=3-2), DCN (J=3-2), H,CO (J=3-2), HC3N J=24-23, OCS J=18-17

H,CO (J=3-2), CH3:OH(Jk=42-31)

Case study
lll. Outflow driven by a decelerating jet in G10.99 Tafoya et al. (2021)
CO (J=2-1), SIO (J=5-4)
V. Deuterated molecules in G14.49 Sakai et al. (2021)
N,D+* (J=3-2), DCO+ (J=3-2), DCN (J=3-2)

IV. First star formation signatures in G23.47 Morii et al. (2021)
CO (J=2-1), SiIO (J=5-4), N,D* (J=3-2), DCO* (J=3-2), H,CO (J=3-2), CH3OH(Jk=4,-31)

Full sample (39 clumps) 839 cores

IX. Core physical properties and spatial distribution Morii et al. (2023)
Xl. Fragmentation Morii et al. (2024)
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Questions to be Addressed

Core Mass |

‘ | Q1. Does turbulent high-
Imass prestellar core exist?

Core stability

Q3. Supported by
turbulence or B-fields?

i Q2. Do low-mass core firstly form?
Q4. Gravitationally unstable?

x Distribution
Q5 Is there any preferred location

of more massive objects?

Gas dynamics Q6. Is there any sign of gas feeding around core?
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dN/dM

M

C

Core mass ranges from 0.06 M to 81 M,
Seven cores (<1%) are 2 30 M,

ore =

=R

Core Mass

F1.3 mm d2

K1.3mm B(Tdust)

@)

0.1 pc |
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0.0125
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0.0075

- 0.0050

- 0.0025

- 0.0000

- =+=CH30H, H2CO (Ey>45 K)
102 detections
101_5 |
|

109 -

10-1 No high-mass prestellar core (>30 /M .)
Prestellar core candidates R :
1024 1| | 8 Y °
101 109 101
Mcore (M)
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The most massive cores

Larson’s relation (Larson 2003) 045 Kroupa’s IMF 077
M = 16 ——=——> M, m¥ = +1.5% 1073 M,
0.3 10 MQ €SFE Mclump
ASHES [X. Morii et al. 2023, Apd, 950, 109
IExpected maximum stellar mass Lo X
|Larson’s relation and Kroupa’sIMF , * * * *x X x *
x * x X
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The majority of the clumps hosts only low- to intermediate-mass cores.
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Kaho MORII

The most massive cores

The maximum core mass has a stronger correlation
with clump surface density than with clump mass.

r« =0.55

re=0271

rs=0.26

0.5 1.0 1.5 102
> [g cm™2]

102
h%lm4o]

4.0

4.5
d [kpc]

5.0 5.5

The ALMA Survey of 70 upm dark High-mass clumps in Early Stages (ASHES)

ASHES IX.
Morii et al. 2023

14/27



Thermal vs Turbulent Jeans fragmentation

7T | T i\ 32 H 32
/l}hzcs — o=, [k M}h:@ Ay =1.5<T> <n( 2) ) M,
Gp \ pmy 3\ 2 15K 105 cm=3
T b lent AU — 5 * o velocity dispersion yu = AP A’ 3 _ 210( ° >3< n(Hy) )3/2 M
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Osep / A, ci Mcore/M),c1 ASHES XI. Morii et al. 2024, ApJ, 966, 171

Kaho MORII The ALMA Survey of 70 um dark High-mass clumps in Early Stages (ASHES) 15/27



101.

ASHES VIII. Li et al. 2023, Apd, 949, 109

-1 ® prestellar
107*1 &« outflow
A warm
»  warm&outflow
1071 10° 101
Mgas (MG)
Kaho MORII

Virial Analysis

3(5 — 2a) Ro?, ) kT

Virial mass M, = (Cior =
3—a G Hpllly

Virial parameter a=M_ /M.

The majority of cores have a<2,
and In the non-equilibrium state.

The ALMA Survey of 70 pm dark High-mass clumps in Early Stages (ASHES)
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Questions to be Addressed

Core Mass |

‘ Q1. Does turbulent high-
Imass prestellar core exist?

jA1. No
(at least in 70 pm-dark clou

Core stability

Q3. Supported by
turbulence or B-fields?

A3. Not yet clear

_ | ) -
| Q2. Do low-mass core firstly form; Q4. Gravitationally unstable?

A4. Yes (especially for more massive cores)

Distribution

Q5. Is there any preferred location
of more massive objects?

Gas dynamics Q6. Is there any sign of gas feeding around core?

Kaho MORII The ALMA Survey of 70 um dark High-mass clumps in Early Stages (ASHES) 17/27



Core Spatial Distribution

Q Is there any preferred location of (relatively) high-mass cores?

102

10?1

Mass [M o ]

100 -

101 -

The most massive cores

0.0
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Separation from mean core position [pc]
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1.0 +
0.9 ;
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0.7 -

Aysr Plot for the clumps showing Ay qr>2
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Nuyst

No clear sign that the most massive cores locate near the clump center and mass segregation.

Kaho MORII

The ALMA Survey of 70 pm dark High-mass clumps in Early Stages (ASHES)

ASHES IX. Morii et al. 2023, Apd, 950, 109
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Core Spatial Distribution
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Core Spatial Distribution

Q Are (relatively) high-mass cores formed at the hub-filament system?
ASHES IX. Morii et al. 2023, ApdJ, 950, 109

The most massive core
Secondary massive core

Most clump host filamentary structure, and half host hub-filament systems.
No sign that the most massive cores are preferentially located at hubs (7/39, 18%)).
— The hub-filament systems are not yet efficiently contributing to the core accretion.
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Core Spatial Distribution

Signs of segregation by density

A plot for the clumps showing A>2

No segregation segregation
G018.80

G022.25

G022.69

+— G023.47

K r— G024.01
\ ' +— G024.52
WRE G028.27
\ — G028.92
G030.70
G034.13
G034.73
G036.66
G305.79
G333.01 .
G333.48

G341.03

Sum of randomly selected N-core separation

N\ =

Sum of the N-cores’ separation 5 10 15 20 25 30 35

NmsTt
Allison et al. 2009

ASHES [X. Morii et al. 2023, Apd, 950, 109
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Questions to be Addressed

Core Mass |

‘ Q1. Does turbulent high-
Imass prestellar core exist?

jA1. No
(at least in 70 pm-dark clou

Core stability
Q3. Supported by
turbulence or B-fields?
A3. Not clear for B-field yet

i Q2. Do low-mass core firstly form?

| Q4. Gravitationally unstable?
| A4. Yes (especially for more massive cores)

x Distribution
Q5 Is there any preferred location

‘, ‘ of more massive objects?
\___Need statistical study in high-mass olusters oo ) AS. No significant sign detected.

Gas dynamics Q6. Is there any sign of gas feeding around core?
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Evolution of Mass Dynamic Range

SHES XI. Morii et al. 2024, Apd, 966, 171
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Signs of Gas Infall

Infall motion around -~ } | o[ Measpesta” T w0
an intermediate-mass core *
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Very Early Evolutionary Stage of High-mass star formation

Core Mass

) . Do turbulent high-mas Core stability
| prestellar core exists?
|A1. No Q3. Supported by

turbulence or B-fields?
A3. Not clear for B-field yet

~ (at least in 70 um-dark clou

l Q2. Low-mass core first? | .
| Q4. Gravitationally unstable?

t A4. Yes (especially for more massive cores)

Distribution
Q5 Is there any preferred location

of more massive objects’?

Need statistical Stidy in high-mass clusters 100.

Gas dynamics Q6. Is there any sign of gas feeding around core?
A6. Some case studies find them.
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