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1. My Scientific Background

Star Formation > Protostars > Kinematics, Evolution, etc.

bolometric temperatures and central protostellar masses, (b) L /L and central protostellar masses, and (c) central stellar

Figure 2. Integrated intensity map (moment 0; white contours) and mean

Same as Figure 9 but for visibilities of SMM4A (a) and SMM4B (b). Color shows the relative position angles from the major axes of

Rotation Outflow
Polarization

Evolution Visibility

Synthetic Obs.

ALMA LP
Aso+'17

Aso+'15

Aso+'19

Aso+'18 Aso+'20

Aso+'21



2. My Proposal History
Cycle3    (2015) — Taurus to SerpensB

Cycle5    (2017) — Serpens follow-up
Cycle6    (2018) — Serpens follow-up, Three in Serpens,
                                         Pol. in TMC-1A (Taurus)B

Cycle7    (2019) — Pol. in a Serpens outflowC, Class 0 in Serpens,
                                         Prestellar in Serpens, Compact in Serpens

Cycle8    (2021) — Prestellar in SerpensB, Binary in Serpens,
                                         TMC-1A pol. follow-up

Cycle9    (2022) — TMC-1A pol. follow-up, Streamer in eDisk

Cycle10 (2023) — TMC-1A pol. follow-up, Streamer in eDisk,
                                         Multi-band in TMC-1A
Cycle 11 (2024) — TMC-1A pol+multiband, Streamer in eDisk.

Resubmission is excluded.
B,CAccepted rank.

← eDisk (Large Program)

↓ Peer Review

← PhD



3. Motivation for the Proposal

Protostars
in Taurus

Figure 4.Moment 0 (white contours) and 1 (color) maps of the C18O (J = 2 1)
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Moment 0 map (contour) overlaid on the moment 1 map (color) of the C18O (2–1) emission in L1489 IRS. A filled ellipse in the bottom right corner denotes

Figure 1. Serpens Main at JCMT 850 m (contours) and Herschel 70 m
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Continuum (a) and line (b d) maps of Group 1. In the line maps, the contour and color maps show integrated intensity

Figure 4. Same as Figure 2 but for Group 3. The panel sizes are the same as those of columns
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4. Original Proposal — Contents

Ø Two fragmentation scenarios for forming wide binary/multiple systems.
Ø The fragmentation occurs on <0.1 Myr. ß We identified a candidate.
Ø The thermo-graviational fragmentation produces sinusoidal patterns in 

a filament that hosts cores on the ~1000 au scale. 

NoTIME ESTIMATES OVERRIDDEN ?NONESCHEDULING TIME CONSTRAINTS

 Total # Science Goals : 1
N N 8.000 0.550 - 0.350 3  ICRS 18:29:48.7200, 01:16:55.600 Science Goal 

NON-STANDARD 
MODEACA?LAS.(")ANG.RES.(")BANDPOSITIONSCIENCE GOAL

REPRESENTATIVE SCIENCE GOALS (UP TO FIRST 30)

DUPLICATE OBSERVATION 
JUSTIFICATION:

N. Hirano, T. Hsieh, Y. Aso, N. Harada, S. Ohashi, K. Tokuda, S. Liu 
INVESTIGATOR 
NAME(S): 
 (in random order) 
 

0.0 hESTIMATED NON-STANDARD
MODE TIME (12-M):0.0 hESTIMATED

ACA TIME:10.7 hESTIMATED
12M TIME:

ISM, star formation and astrochemistrySCIENCE CATEGORY:

Two scenarios are suggested for wide binary/multiple systems (separation ~ 1000 au): turbulent fragmentation versus 
thermos-gravitational fragmentation. These two scenarios can be distinguished from configuration and velocity structures of 
1000-au-scale substructures in dense cores. However, insufficient sensitivity and the short time scale of fragmentation (a few 100 
kyr) have prevented us from identifying such a substructure. To tackle this issue, we propose to observe prestellar candidates in 
Serpens Main in 3 mm continuum and the N2H+ 1-0 line in Band 3. The candidates were newly identified on 1000 au scales in our 
previous ALMA observations in Band 6. They are not identified by Spitzer and do not have outflows traced in CO 2-1, either. The 
combination of Band 3 and 6 provides the dust opacity index. The two scenarios will be distinguished in our targets through an 
accurate density estimate using the opacity index and the derived velocity information, such as velocity widths or sinusoidal patterns. 
The 3 mm continuum and the N2H+ line were also observed by CARMA at an 8" resolution. The ALMA and CARMA observations 
cover all mass distributed on scales from 240 to a few 10^4 au.

ABSTRACT

2019.1.00311.SVelocity of Prestellar Cores: Turbulence vs. Gravity

 
C - 1

12 m x 11 hours, Band 3 (molecular lines with one setup)
Resolution ~ 0.45", MRS ~ 8".



4. Original Proposal — FiguresFigure 2 shows the 12CO emission of the 1.3 mm sources in SMM9 detected in our ALMA obser-
vations. S68Nb1, b2, c1 and S68N (Figure 2a, c and d) show clear bipolar or monopolar outflows in
the 12CO line, indicating that they are protostars. In contrast to those 12CO outflows, the sources
S68Nc2-5 show only ambient 12CO emission not associated with themselves, suggesting that these
sources are starless cores. This is also consistent with the fact that none of the sources S68Nc2-5 are
identified with Spitzer (Dunham et al. 2015).

(a)

(c)

(b)

(d)

σ = 25

σ = 150 σ = 100

σ = 35

Prestellar candidates12CO J=2–1

Figure 2: Integrated intensity (moment 0; contours) and mean velocity (moment 1; color) maps in
the 12CO J = 2�1 line. The spatial scale is di↵erent among the panels (see the scale bars). Contour
levels are in 5� steps; 1� in mJy beam�1 km s�1 is denoted below the scale bar in each panel. Plus
signs and filled ellipses are the same as in Figure 1. The sources S68Nc2-5 do not have outflows,
unlike the nearby protostars, suggesting that the sources S68Nc2-5 are starless cores.

To investigate the gravitational stability of S68Nc2-5, we calculated their central density and Jeans
length (Figure 3) from their 1.3 mm flux density and deconvolved FWHM assuming the dust opacity
(850 µm) = 0.035 cm2 g�1 (Andrews & Williams 2005) and the index � = 1. S68Nc2-5 have ⇠ 10
times lower density than the Class 0 protostars observed in the same observations. S68Nc2-5 are also
marginally Jeans unstable. These results suggest that S68Nc2-5 are gravitationally bound. Their
central density nH2 ⇠ 108 cm�3 is consistent with a prestellar model using the Bonner Ebert sphere
on the 200 au scale (Aikawa et al. 2008). The relation between C18O results (Figure 4) and the
density also supports that they are prestellar cores: the C18O abundance relative to H2 is estimated
to be ⇠ 10�8 in S68Nc5, which has the lowest density, while it is < 10�9 in S68Nc2-4. This is
consistent with the picture of prestellar cores that CO molecules are frozen out more severely in
denser cores because of less heating by cosmic rays (Evans et al. 2001). These prestellar candidates
are in a sub-cluster consisting of protostars but no other young stellar objects (Li et al. 2019). It is
thus plausible that the sub-cluster includes prestellar cores right before star formation.
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Class 0 Protostars
Prestellar candidates Figure 3: Central density and the

ratio between FWHM and the
Jeans length of prestellar candi-
dates and Class 0 protostars ob-
served in our ALMA Cycle 3 obser-
vations (SMM11; Aso et al. 2017,
SMM4AB; Aso et al. 2018). These
quantities were calculated from the
flux density and size of the 1.3
mm emission. The calculation as-
sumes a dust opacity, (850 µm) =
0.035 cm2 g�1 and � = 1.

Figure 4: The C18O J = 2 � 1 results of the prestellar candidates. (a) Integrated intensity and
mean velocity maps. Spatial scale is the same as Figure 2b. Contour levels are in 3� steps (� =
3 mJy beam�1 km s�1). (b) Line profile in a 0.005⇥ 0.005 square centered at the S68Nc5 position.

In summary, we have found four prestellar candidates on a 1000 au scale associated with a filamen-
tary structure in Serpens Main. Their marginal Jeans instability may prefer the thermo-gravitational
fragmentation scenario, whereas Hull et al. (2017) reported strong turbulence around the protostar
S68N near S68Nc2-5, which may support the turbulent fragmentation scenario. Also, the Jeans
analysis depends on the assumed opacity index �. It is, therefore, crucial to investigate velocity
structures and measure � in the prestellar candidates through the proposed observations.

2 Proposed Observations and Science Goals

Here we propose follow-up observations of the prestellar candidates in N2H+ J = 1 � 0 (93.2 GHz)
and NH2D (94.8 GHz), as well as 3 mm continuum, at the same angular resolution 0.0055 (240 au;
C43-6) and the same largest angular scale 800 (3400 au; C43-3) as our Cycle 3 observations. The
velocity resolution is 0.2 km s�1. ALMA’s field of view (FoV) in Band 3 can also include four
protostars (S68N, S68Nb1, b2, and c1) for comparison (Figure 1b). Our immediate objectives for
distinguishing the two scenarios are:
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Figure 4: The C18O J = 2 � 1 results of the prestellar candidates. (a) Integrated intensity and
mean velocity maps. Spatial scale is the same as Figure 2b. Contour levels are in 3� steps (� =
3 mJy beam�1 km s�1). (b) Line profile in a 0.005⇥ 0.005 square centered at the S68Nc5 position.

In summary, we have found four prestellar candidates on a 1000 au scale associated with a filamen-
tary structure in Serpens Main. Their marginal Jeans instability may prefer the thermo-gravitational
fragmentation scenario, whereas Hull et al. (2017) reported strong turbulence around the protostar
S68N near S68Nc2-5, which may support the turbulent fragmentation scenario. Also, the Jeans
analysis depends on the assumed opacity index �. It is, therefore, crucial to investigate velocity
structures and measure � in the prestellar candidates through the proposed observations.

2 Proposed Observations and Science Goals

Here we propose follow-up observations of the prestellar candidates in N2H+ J = 1 � 0 (93.2 GHz)
and NH2D (94.8 GHz), as well as 3 mm continuum, at the same angular resolution 0.0055 (240 au;
C43-6) and the same largest angular scale 800 (3400 au; C43-3) as our Cycle 3 observations. The
velocity resolution is 0.2 km s�1. ALMA’s field of view (FoV) in Band 3 can also include four
protostars (S68N, S68Nb1, b2, and c1) for comparison (Figure 1b). Our immediate objectives for
distinguishing the two scenarios are:
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4. Original Proposal — Review Comments

It was not the peer review yet at that time.

Strengths:
• Straightforward proposal aiming to disentangle two scenarios.
• Good characterization of pre-stellar nature in the target.

Weaknesses:
• Vague link to understandings of the whole star formation.
• The sample is likely to follow the gravity scenario. Then, the proposal 

should discuss other observations related to the turbulent scenario.
• Sensitivity is not enough if the cores are spatially resolved.



5. Accepted Proposal — New Idea

Dr. Changwon Lee kindly showed his interest when I presented 
this result at a seminar in KASI.
When discussing the result in more detail, he pointed out that 
their less fluxes than those of the outflowing protostars 
suggest very low core masses.

Then he said, "They must be pre-Brown-Dwarf cores."



5. Accepted Proposal — Background

• Definition and ubiquity (importance) of brown dwarfs.
• Difficulty in forming BDs <~0.01x  a typical Jeans mass.
• Scenarios that must be verified by observations toward "pre-BD":

supersonic turbulent compression vs. self-gravity.
• Previous observations identified only one pre-BD.
• Thus, we aim the identification as well as the scenario verification.

NoTIME ESTIMATES OVERRIDDEN ?NONESCHEDULING TIME CONSTRAINTS

 Total # Science Goals : 2

N  
N 

10.000  
10.000 

1.200 - 0.800  
1.200 - 0.800 

3  
3 

ICRS 18:29:48.6000, 01:17:00.000  
ICRS 18:29:48.6000, 01:17:00.000 

N2H+ in Band 3  
13CO in Band 3 

ACA?LAS.(")ANG.RES.(")BANDPOSITIONSCIENCE GOAL
REPRESENTATIVE SCIENCE GOALS (UP TO FIRST 30)

DUPLICATE OBSERVATION 
JUSTIFICATION:

0.0 hESTIMATED
TP TIME:0.0 hESTIMATED

7-M TIME:16.9 hESTIMATED
12-M TIME:

ISM, star formation and astrochemistrySCIENCE CATEGORY:

We propose to observe four pre Brown-dwarf (BD) core candidates, labeled as c2, c3, c4 and c5, in the Serpens Main region. 
BDs have too little mass to fuse hydrogen. Whereas theoretical studies suggest several scenarios for BD formation (e.g., turbulent 
fragmentation), observational studies have not confirmed BDs in the prestellar phase, so-called pre-BD cores, except for only one 
case. The proposed study will thus be the first step to study the initial condition of BD formation without sample bias. The targets 
were identified in ALMA archival data. The virial analysis for c3 and c5 using the C18O J=2-1 line and the Jeans analysis for c2 to 
c5 using the 1.3 mm continuum emission suggest that they are gravitationally unstable or marginal. The cores are also 
associated with a dusty filamentary structure, and a velocity gradient along it is detected in the N2H+ 1-0 line using the CARMA, 
which may give a hint of mass supply to or robbery from the pre-BD core candidates. We will examine gravitational boundness, 
future growth, and turbulence of c2 to c5, by observing them in the N2H+ 1-0 and 13CO 1-0 lines at an angular resolution of 1 
(440 au).

ABSTRACT

2021.1.00390.SIdentification of New Pre-BD Cores and Study of Mass Transfer to 
the Cores

 
C-1

12 m x 17 h, Band 3 (molecular lines with two setups)
Resolution ~ 1", MRS ~ 10".



5. Accepted Proposal — Previous Results
• This region is the best because of its high protostellar fraction.
• We identified four starless cores associated with a filamentary structure.

Pre-BD candidates
• Reasons why they are starless and marginally unstable.
• Their small core masses in the BD regime. 
à Need to complete the virial analysis with accurate masses.

Filamentary structure
• Velocity observed with CARMA in N2H+ (in ALMA Band 3) at a coarse resolution.
• C18O with ALMA is not detected enough.
à Need gas motion to the cores from the neighbor protostars,
      filamentary structures, and the JCMT core.



5. Accepted Proposal — Objective

1. Gravitational instability by the virial analysis. 
2. Mass transfer to verify whether the cores are still growing. 
3. Whether turbulence (velocity dispersion) is dissipated in a core. 

• Once a pre-BD core is identified (gravitational binding and little future 
growth) in a different region from the only one example, it is the first step 
for understanding BD formation without sample bias. 

• Prediction about each bullet: e.g.,
- With the mass and size of the cores, a sinusoidal pattern is detectable.
- Hierarchical collapse predicts turbulence dissipation.  

Propose to observe the CARMA N2H+ line and 13CO as well as the continuum.



5. Accepted Proposal — Settings

• 13CO traces warm gas, while N2H+ traces cold gas.
• CARMA covered the ACA scale (thus we don't need ACA).
• There is also JCMT and IRAM 30-m data available.

• The requested angular resolution of ~1" can distinguish each core.
• The requested velocity resolution is the same as in the previous 

ALMA observation and resolved the detected C18O line as well as cs.
• The requested sensitivity will detect the signal at >10σ even in the 

worst case.
• Only ALMA can achieve this.



5. Accepted Proposal — Figure & Table

1 Scientific Justification

1.1 Background: brown-dwarf formation and lack of pre-BD cores

Brown-dwarfs (BDs) are not massive enough to fuse hydrogen (M⇤ < 0.08 M�) and as numerous as
hydrogen-burning stars (Chabrier 2002). Their mass is, however, 100 times smaller than the average
Jeans mass in star-forming clouds (Padoan & Nordlund 2004). To overcome this limit, the turbulent
fragmentation scenario (Padoan & Nordlund 2004) suggests compression by supersonic turbulence,
while self-gravity is more important in other scenarios: e.g., less massive core (Machida et al. 2008),
global hierarchical collapse (Vázquez-Semadeni et al. 2019), or disk fragmentation (Stamatellos &
Whitworth 2009).
Those scenarios must be verified by observations toward BDs in the prestellar phase,

i.e., pre-BD cores. However, previous observations identified only one pre-BD core, Oph B-11,
with a mass of 0.02–0.03 M�, larger than the virial mass, and a radius of < 460 au (N2H+ 1-0; André
et al. 2012). We thus propose ALMA observations to identify more pre-BD cores and verify the
scenarios, in particular, whether supersonic turbulence is more important than self-gravity.

1.2 Candidates of pre-BD cores in the Serpens Main region

Serpens Main is one of the best regions to study pre- and protostellar phases because of its extremely
high protostellar fraction, indicating a very young phase of star formation (Li et al. 2019). Using
ALMA, Aso et al. (2019) have identified four low-mass starless cores c2 to c5, associated with a
8000-au long filamentary structure in the Serpens Main region. We reduced the ALMA archival data
(2015.1.01478.S) of the cores c2 to c5 in the 1.3 mm continuum and the 12CO and C18O J = 2 � 1
lines at a ⇠ 0.0055 (240 au) resolution. Figure 1 shows the 1.3 mm continuum and C18O line emission
in these starless cores c2 to c5, as well as a protostar c1.

Figure 1: Pre-BD core candidates c2 to c5 and a protostar, c1. (a) The color map shows the 1.3 mm
continuum emission. The contour map shows the C18O intensity integrated over 8.86-9.36 km s�1.
The contour levels are 3, 5, 7, ... ⇥ � (1� = 2.5 mJy beam�1 km s�1 or 0.19 mK km s�1). The filled
ellipse is the ALMA synthesized beam (⇠ 0.0055). (b) The C18O line profile at c3. The green curve
shows the best-fit Gaussian profile. (c) Same as (b) but for c5.

Pre-BD core candidates— The cores c3 and c5 are detected in the C18O line. On the other
hand, none of c2 to c5 is detected with Herschel 70 µm or Spitzer (Dunham et al. 2015). Furthermore,
the 12CO emission is not associated with these cores but traces ambient gas with a large velocity
range, ⇠ 10 km s�1 (Figure 2). These facts suggest that c2 to c5 are in the prestellar phase. In fact,
the 12CO morphology around c2 to c5 is clearly di↵erent from the outflow morphology in the Class
0 protostar c1, identified in Herschel 70 µm in the same field of view (FoV).

1

Figure 2: Integrated intensity
(contours) and mean velocity
(color) maps in the 12CO J =
2 � 1 line. Contour levels are in
5� steps. Plus signs are the con-
tinuum peak positions of the pre-
BD core candidates c2 to c5 and
a nearby protostar c1. The filled
ellipse is the ALMA synthesized
beam (FWHM⇠ 0.0055).

The 1.3 mm and C18O results enable us to investigate gravitational stability of the cores c2 to
c5. We calculated their central densities and Jeans lengths from their 1.3 mm flux densities and de-
convolved FWHMs by assuming the dust opacity (850 µm) = 0.035 cm2 g�1 (Andrews & Williams
2005), the index � = 1, the gas to dust mass ratio 100, and the temperature 10 K. The virial mass
is also calculated as Mvir = 5r�2

tot/G, where r is 2⇥HWHM, �tot is the total velocity dispersion
estimated from the C18O velocity dispersion (Figure 1b and 1c), and G is the gravitational constant.
Table 1 summarizes the results. In particular, the analyses suggest that c3 is gravitationally un-
stable. The others are overall marginally unstable (r/�Jeans ⇠ 1 and Mcore/Mvir ⇠ 1), within large
uncertainties of these analyses. Note that Mvir of c2 and c4 cannot be derived because the C18O
emission is not detected, which may be explained by a fact that CO molecules tend to be frozen out
in the prestellar phase because of low temperature (Aikawa et al. 2008).
The masses of c2 to c5 Mcore . 0.2 M� suggest that these cores cannot form hydrogen-burning

stars (> 0.08 M�) with a typical core-to-star e�ciency, ⇠ 30% (Alves et al. 2007). Because of their
gravitational instability and BD-like mass, we propose c2 to c5 as candidates of pre-BD cores. In
order to identify these pre-BDs, the gravitational instability must be verified by the virial analysis
in c2 and c4, and whether the cores gain more mass must be verified by observing gas kinematics.

Table 1: The Jeans and virial analyses for the pre-BD core candidates.

name r (au) Mcore (M�) r/�Jeans Mcore/Mvir

c2 160 0.04 0.7 –
c3 410 0.23 1.7 3.9
c4 360 0.05 0.8 –
c5 660 0.08 1.0 0.4

A firamentary structure— The pre-BD core candidates c2 to c5 are associated with a filamen-
tary structure with a ⇠ 8000-au length in the 1.3 mm continuum emission. Figure 3(a) shows that a
larger-scale core, identified at JCMT 850 µm, is elongated in the direction of the filamentary struc-
ture. CARMA archival data of the CLASSy project (Lee et al. 2014) show a velocity structure along
the filamentary structure on the several 1000s au scale in the cold gas tracer N2H+ 101�012 line. The
filamentary structure should be a key to understand mass supply in BD formation from the JCMT
(⇠ 0.1 pc) and CARMA (⇠ 5000 au) scales to the ALMA scale (< 1000 au). However, the ALMA
C18O J = 2�1 observations did not trace the filamentary structure, possibly because of freezing-out,
and the CARMA N2H+ observations did not spatially resolve the pre-BD core candidates with the
700 beam (Figure 3a). Hence, a higher spatial resolution for N2H+ and a more abundant warm-gas
tracer (e.g., 13CO) are crucial to investigate mass supply (or robbery) among each pre-BD candidates,
neighboring protostars, the ALMA filamentary structure, and the JCMT core.
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A firamentary structure— The pre-BD core candidates c2 to c5 are associated with a filamen-
tary structure with a ⇠ 8000-au length in the 1.3 mm continuum emission. Figure 3(a) shows that a
larger-scale core, identified at JCMT 850 µm, is elongated in the direction of the filamentary struc-
ture. CARMA archival data of the CLASSy project (Lee et al. 2014) show a velocity structure along
the filamentary structure on the several 1000s au scale in the cold gas tracer N2H+ 101�012 line. The
filamentary structure should be a key to understand mass supply in BD formation from the JCMT
(⇠ 0.1 pc) and CARMA (⇠ 5000 au) scales to the ALMA scale (< 1000 au). However, the ALMA
C18O J = 2�1 observations did not trace the filamentary structure, possibly because of freezing-out,
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tracer (e.g., 13CO) are crucial to investigate mass supply (or robbery) among each pre-BD candidates,
neighboring protostars, the ALMA filamentary structure, and the JCMT core.
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Figure 3: (a) Moment 0 (white contour) and 1 (color) maps of N2H+ integrated over 8.0-10.0 km s�1.
The contour levels are 3� steps from 6� (1� = 0.32 K km s�1). The black contours show the associated
JCMT 850 µm core with contour levels at 35, 63, and 90 mK. The mapped area is similar to the
FoV in Band 3 (r ⇠ 3400). (b) The 1.3 mm map convolved to 100 (contours) and 200 (color) beams.
Contour levels are 3, 6, 12, 24, · · ·⇥ � (� = 0.15 mJy beam�1).

2 Immediate Objectives of Proposed Observations

Here we propose observations of the pre-BD core candidates in the cold gas tracer N2H+ (93.2 GHz)
and the warm gas tracers 13CO (110.2 GHz) and C18O (109.8 GHz), as well as the 3 mm continuum,
at an angular resolution of 100 (440 au) and a velocity resolution similar to the previous one. The
pre-BD core candidates and four protostars are in a single FoV at Band 3 (Figure 3a). Our immediate
objectives for understanding mass supply in BD formation are the following:

1. To verify the gravitational instability of the pre-BD core candidates by the virial analysis.

2. To examine mass transfer among the pre-BD core candidates, the filamentary structure, and
the JCMT core (Figure 4) to verify whether the cores are still growing.

3. To compare velocity dispersion in the pre-BD core candidates and the filamentary structure to
verify whether turbulence is more dominant than self-gravity.

Once a pre-BD core is identified (gravitational binding and little future growth) in a

di↵erent region from the only one example at present Oph B-11, it is the first step for

understanding BD formation without sample bias. The proposed observations also allow us to
verify features predicted in each scenario for BD formation. In detail, mass accretion onto prestellar
or pre-BD cores shows a sinusoidal pattern if the cores are aligned along a filamentary structure
(Hacar & Tafalla 2011), as seen on the CARMA scale (Figure 3a). We suggest two possibilities that
mass is supplied to or robbed from a pre-BD core near protostars (Figure 4). The robbery suggests
that the core stops growing. The peak-to-peak amplitude of the sinusoidal pattern is expected to
be ⇠ 0.6 km s�1 from a typical gas mass ⇠ 0.05 M� and radius ⇠ 300 au in c2 to c5, when the
inclination angle is assumed to be ⇠ 45�. If a sonic Mach number of 10 (FWHM⇠ 4.7km s�1) is
observed, turbulence is more important than self-gravity in BD formation (Padoan & Nordlund 2004).
If the Jeans length is measured, more accurately, to be larger than the core sizes, it also supports
the turbulent fragmentation scenario. Conversely, if the observed velocity width is narrower in the
cores than in their vicinity, it suggests turbulence dissipates during BD formation, as predicted in
the global hierarchical collapse scenario (Vázquez-Semadeni et al. 2019). Even if the velocity fields
around c2 to c5 show narrow velocity widths and no significant velocity gradient, it may suggest that
mass supply terminated before those cores acquire enough mass to be hydrogen-burning stars.
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The 13CO is expected to trace the filamentary structure because CO molecules are not frozen-out
with low densities outside the cores. Even if CO molecules are frozen out, the N2H+ line can trace
the filamentary structure in such a case.

Low mass
protostar

pre-BD

(a) Pre-BD can acquire 
mass and thus grow.

(b) Protostars rob 
mass for pre-BD

Figure 4: Line-of-sight (LoS) velocity
fields in two di↵erent cases; blue and
red denotes blue- and redshifted LoS ve-
locities. (a) Mass is supplied to a pre-
BD core. In this case, the neighboring
protostars do not interrupt mass accre-
tion onto the pre-BD core. (b) Mass
is robbed by the neighboring protostars.
In this case, the clustering environment
contributes to BD formation.

The requested largest angular scale (LAS) 1000 is larger than the CARMA beam 700 (3000 au).
Thus, we will investigate the mass, velocity structure, and velocity width on a scale larger than the
LAS by using the CARMA data. Even larger scales can also be studied by referring to the JCMT
and IRAM 30 m observations (450 and 850 µm; Davis et al. 1999, C18O/13CO 1-0, 2-1, and 3-2;
Duarte-Cabral et al. 2010).

3 Observing Strategy

The spatial angular resolution 100 (440 au) can distinguish emission from each core (contours in Figure
3b). The requested velocity resolution 0.098 km s�1 is similar to the previous ALMA observations
and can resolve the velocity widths of c3 and c5 (FWHM=0.31 and 0.49 km s�1 in Figure 1), as well
as the thermal velocity width in the prestellar environment, i.e., T = 10 K.
The CARMA N2H+ map (Figure 3a) shows the filamentary structure is detected at 2.0 K km s�1

over 2 km s�1, and thus the average brightness is 1.0 K or 350 mJy/700. The requested sensitivity, 0.33
K (2.35 mJy), will detect the N2H+ emission at a 3� level if the emission is spatially uniform. In such
a case, we will increase S/N to > 6 by smoothing the image to a 200 beam, as explained in Technical
Justification. The 200 beam can distinguish the filamentary structure and nearby protostars (color
in Figure 3b). The same sensitivity 0.4 K is requested for the 13CO J = 1 � 0 line. The brightness
temperature of the 13CO J = 1� 0 line is expected to be ⇠ 3 K with the kinetic temperature 10 K,
the H2 density 104 cm3, and the abundance ratio 13CO/C18O=7, when the brightness temperature
of the C18O J = 2 � 1 line is Tb ⇠ 3 K (Figure 1b and 1c). Tb ⇠ 3 K may be reduced to ⇠ 0.6 K
when observed with the 100 beam. As a result, the 13CO J = 1�0 emission will be detected at > 10�
in the filamentary structure. At present, only ALMA can achieve these high sensitivity and high
angular resolution at Band 3 with reasonable observing time.
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Previous results and comparison 
with an outflowing protostar

The virial 
analysis is not 
completed yet.

(a) CARMA velocity
(b) 1" beam is ok

Schematic figure showing 
the growing and terminated 
cases.



6. Review Comments — Strengths

1: Objectives and setup are reasonably justified.
2: Good goals, targets, and objectives.
2: The question is important for star formation. ALMA is necessary.
3: The objectives are promising.
3: BD formation is now known well. The targets are promising.

Score

Strengths for good scores seem simple.

general words
specific in my proposal



6. Review Comments — Strengths

5: Multiple scenarios are discussed.
     Clear demonstration of the goal and analysis.
5: Well plan and clear goal.
5: Increasing the pre-BD sample is important.
7: N2H+ is a good idea. The robbery case is interesting.
8: The question seems essential.
     The filament enables the supply-robbery check.

Score

Strengths for bad scores sound more specific than for good scores.
à Were the reviewers careful when giving a bad score?

general words
specific in my proposal



6. Review Comments — Weaknesses

1: Can distinguish various motions? The analyses are only for isolated cores.
2: Need more justification for the lower resolution.
2: Why pre-BD is important in star formation? The S/N seems borderline.
3: Other regions are ~2x closer. Not really unstable. Dust β is low.
3: CARMA is enough for the filament. The fragmentation needs a better res.

Score

Weaknesses for good scores are actually critical but make sense.

setup including target
my science
my intention not conveyed



6. Review Comments — Weaknesses

5: Need the justification for the C18O line and 3 mm continuum.
5: Nothing.
5: IR does not put a good upper limit. All CO would be frozen out.
     No outflow may be because of the crowded environment.
7: <0.01 MJeans in the background. Why a larger sample?
     CO is larger and N2H+ is smaller than the core scale. 
8: Discussion about the objectives is not well linked to the mechanisms.

Score

Weaknesses for the worst scores 
sound to include misunderstanding.
à The simpler, the better? Inevitable? 

setup including target
my science
my intention not conveyed



7. Discussion in Last Year's WS

Group 1
• Good proposals: Small, many paragraphs. Technical details.
• Bad proposals: Reviewers are not self-consistent. The target is not special.
• Unfamiliar reviewers may see only logical connections.
• Familiar reviewers seem to prefer technical details.
• Few negative comments on technical things.
• Negative comments on ideas are not many or few.

Last year's workshop provided 1.5 hr for participants (2 groups) to discuss 3 
succeeded and 3 failed proposals with review comments (anonymous 
volunteers in Galactic/ex-Galactic fields).



7. Discussion in Last Year's WS

Last year's workshop provided 1.5 hr for participants (2 groups) to discuss 3 
succeeded and 3 failed proposals with review comments (anonymous 
volunteers in Galactic/ex-Galactic fields).

Group 2
• Both broad and detailed. Simple figures with sufficient explanation.
• Writing only a number causes inconsistent impressions among reviewers.
• A lack of data analysis triggers a terrible score.
• Even an ambitious proposal can get bad scores due to technical weaknesses.
• Unfamiliar reviewers (50-70%) tend to check technical values.
• (Reviewers could be tired when seeing larger ID proposals.)



8. Summary & Lesson

Ø I have tried various, many proposals by extending previous studies.
Ø Changing the scientific topic of a proposal could raise its score even 

when it uses the same data.
Ø Good-score reviews show general strengths and scientific weaknesses.

à The entire impression could dominate a good score.
Ø Bad-score reviews show specific strengths and unexpected weaknesses.

à Misunderstanding could overwhelm specific strengths.
Ø Last year's discussion found reviewers familiar and unfamiliar with the 

fields and the necessity of technical information and an analysis plan.


