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この発表の内容: 
Class I 原始星 IRAS 04169+2702 の SMA 観測の結果
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Introduction
Rule of Magnetic Fields in Protoplanetary-Disk Formation 
̶> Still Controversial. 

Magnetic Braking cannot make Large (>10 AU) Disks ? 
Non-Ideal MHD Effects can form Disks ?

Magnetic Fields are not easy to measure observationally.

Evidence for Magnetic Fields from Observed Gas Motions ? 
̶> Counter Rotation!!



Our Target: Class I Protostar IRAS 04169+2702 
Tbol ~133 K; Lbol ~0.76 Lsolar; in the B213 Cloud
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FIG. 2.ÈC18O channel maps of IRAS 04169]2702 with a velocity resolution of 0.34 km s~1. The central LSR velocity of each velocity channel is denoted
at the top right corner in each corresponding panel. The systemic velocity is D6.8 km s~1. Contours are drawn at 1.5 p steps from the 1.5 p level (solid
contours) and at [1.5 p step from the [1.5 p level (dashed contours). The 1 p level corresponds to D50 mJy beam~1 or 0.4 K in brightness. The cross in each
panel indicates the position of the central star.

case of IRAS 04368]2557, where both infall and rotation
motions are observed et al.(Ohashi 1997).

The total integrated intensity of the C18O Ñattened
envelope was 2.2^ 0.2 Jy km s~1 (integrated above the 2 p

level), which corresponds to a total gas mass of 0.024 M
_

,
assuming K and optically thin C18O emission (seeT

ex
\ 30

et al. for details of the mass estimation).Ohashi 1997

3.2.2. IRAS 04365] 2535
The 13CO J \ 1È0 emission was detected from I04365 at

velocities between and 7.8 km s~1, except for theV
LSR

\ 4.8
channel centered at km s~1, close to the systemicV

LSR
\ 6.3

velocity of D6.4 km s~1 (see et al. TheOhashi 1996b).9
angular resolution was and the sensitivity was6A.6 ] 4A.7,
D0.5 K (1 p level). shows the total intensity mapFigure 1c
integrated over the above velocity range, superimposed on
the molecular outÑow observed with the NMA et(Tamura
al. The well-deÐned emission peak is shifted to the1996)
southeast of the continuum peak by D2A, with weaker fea-
tures extending to the north, west, and slightly to the south
of the peak. The size of the condensation is D10A or 1400
AU (FWHM). The fainter features elongated to the north

9 See footnote 8.

and to the south are spatially correlated with the blueshifted
and redshifted outÑow lobes, respectively, suggesting that
these fainter features are part of the outÑow.

In the mean velocity map of 13CO presented in Figure 1d,
the northeastern part of the condensation is blueshifted
while the southwestern part is redshifted with respect to the
systemic velocity. The velocity gradient is hence from north-
east to southwest, and roughly perpendicular to the
outÑow. The 13CO velocity channel maps in Figure 4,
which conÐrm the velocity gradient, display a sudden
spatial variation at the systemic velocity ; the emission arises
only from the east of the central star at blueshifted velocities

5.5, and 5.9 km s~1), and only from the(V
LSR

\ 5.0,
southwest at redshifted velocities 7.2, and 7.6(V

LSR
\ 6.7,

km s~1). Although the emission at each velocity is elon-
gated from north to south or from northwest to southeast,
the direction of the outÑow, and may be partly attributable
to the outÑow, the dominant velocity gradient is from
northeast to southwest and cannot result from outÑowing
motion.

The relatively compact condensation centered close to
I04365, which shows an abrupt velocity discontinuity per-
pendicular to the outÑow axis, is most naturally interpreted
as a rotating circumstellar disk or Ñattened envelope. This
condensation was previously detected in CS J \ 2È1 with

Ohashi et al. (1997)
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SMA Observations of IRAS 04169+2702
13CO (3-2) with the Extended & VEX Configurations

Resolution ~0.5 arcsec

SMA Archival Data of IRAS 04169+2702 
(PI. Tyler L. Bourke)

12CO (2-1), C18O (2-1), and SO (65-54) 
with the Compact Configuration

Apparently No ALMA data for this Source.

Resolution ~2-3 arcsec



12CO (2-1) Outflow

Outflow Direction Perpendicular to the major axis 
of the r~1000 AU scale C18O (1-0) Envelope

Right ascension (J2000.0)

700 AU

Envelope 
Major Axis

Envelope 
Minor Axis



SMA 13CO (3-2) Velocity Channel Maps

NW (Blue)

SE (Red)

r~100 AU scale Disk

NW (Red)

SE (Blue)

r~1000 AU Envelope

Right ascension (J2000.0)

70 AU

Opposite!!



SMA SO (65-54) Velocity Channel Maps

Right ascension (J2000.0)

280 AU

Velocity Gradient consistent with that of 13CO (3-2) 
̶> Opposite to that of the C18O (1-0) Envelope.

SO is a tracer of the accretion shock (Yen et al. 2014) 
̶> The outermost ringlike region of the Disk ?



SMA C18O (2-1) Velocity Channel Maps
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SMA High-Reso. 13CO (3-2) and Low-Reso. C18O (2-1)

Along the major axis, r~100 AU 13CO (SO as well) 
and r~400 AU C18O exhibit the Opposite Velocity Gradient.

C18O also exhibit the NE-SW Velocity Gradient ̶> Infall

b) C18O (2-1) Low-Vel. Blue & Red c) C18O (2-1) High-Vel. Blueshifted

70 AU

Right ascension (J2000.0)

a) 13CO (3-2) Blue & Red

280 AU

High-Velocity Blueshifted C18O 2-1 Emission 
̶> Same as the 13CO component ?



SMA P-Vs along the Major axis

13CO can be r~100 AU Keplerian with 0.1 Msolar.
C18O Envelope exhibits the opposite rotation, 
plus the Blueshifted Disk component.
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Discussion
Inversion of the rotation occurs between r~100 and 400 AU.
Cannot be explained with the simple dynamics. 
̶> Need to invoke Magnetic Fields!

outside of the parental core. Thus, the angular momentum of
the direction opposite to the disk would eventually be cast
away to the interstellar medium.

4. CONCLUSIONS AND DISCUSSION

In this study, we investigated the effect of the Hall current
term on the formation of circumstellar disks. All non-ideal
effects, as well as the radiative transfer, are considered. To our
knowledge, this is the first study that simultaneously includes
these physical processes in a three-dimensional simulation.
We found that the disk evolution can be categorized into two

cases depending on whether the magnetic field and the rotation
vector are parallel or anti-parallel. In the anti-parallel case, a
relatively large (r 10 AU2 ) and massive disk forms simulta-
neously with protostar formation; however, a disk with
r 1 AU2 does not form in the parallel case. Thus, the parity
of the magnetic field significantly changes the disk formation
process, which has not been paid much attention to so far. Since

Figure 2. Solid lines show the ratio of the sum of the centrifugal force and the

pressure gradient force to the radial gravitational force, q .
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Here, vf, p, and Φ are the rotation velocity, gas pressure, and the gravitational
potential, respectively. The dashed lines show the ratio of the centrifugal force

to the radial gravitational force, q .
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f The dash–dotted lines show

q 0.5= . In the regions where the dashed lines are larger than the dash–dotted
lines, the gas is mainly supported by the centrifugal force. The top and bottom
panels show the results of Models Para and Ortho, respectively. The epochs of
each model are the same as those in Figure 1.

Figure 3. Time evolution of the mean specific angular momentum of the inner
region with 10 g cm12 3r > - - as a function of the central density. The solid,
dashed, and dotted lines show the results of Model Para, Ortho, and NoHall,
respectively.

Figure 4. Magnetic diffusion coefficients, , ,O Hh h and Ah at the center as a
function of the central density in Model Para. The red line shows Oh , the green
line shows Hh where the dashed line shows the region of 0Hh < , and the solid
line shows the region of 0Hh > , and the blue dash–dotted line shows Ah . The
black thin line shows the “critical value” of Hh , B3 10 cm sc

20 2 1( )´ -

suggested by Krasnopolsky et al. (2011) above which the disk is formed in
their simulations. Here, Bc is the central magnetic field.

Figure 5. Cross-section of vf in the x–z plane in Model Para. The epoch of the
snapshot is the same as that in Figure 1.
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Hall Effect accelerates 
disk rotation.

Angular momenta conservation 
̶> Counter Rotation 
     in the outer envelope.



Summary
Possible Counter Rotation between 
the r~100 AU scale Disk in 13CO 3-2 and SO 
and the r> 400 AU scale Envelope in C18O (1-0) and (2-1)

Observational Signature of the Effect of the magnetic 
field, “Hall Effect” ?

Counter rotation between protostellar envelopes and 
disk should be an unique measure to identify the effect 
of magnetic fields in disk formation. 


