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Strong magnetic field and weak turbulence in cloud cores

Magnetic field of the

cloud cores is strong.
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Magnetic braking and its anisotropic impact

In the core with observed B
and subsonic turbulence,
magnetic braking is
dynamically important.
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Magnetic braking and its anisotropic impact
What kind of structure does the magnetic braking
iImprint to the rotation structure?

—it introduces anisotropy of the angular momentum!

Matsumoto+04 showed that magnetic braking
enforces J and B to be aligned.
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Dependence of magnetic braking timescale on B direction

Timescale of magnetic braking
—is given as the time in which Alfven wave sweeps the region whose inertia

equals to the central inertia
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Random distribution of magnetic field and
outflow direction

This suggests:

The magnetic braking is dynamically
important but it does not enforce J || B.

The magnetic field is dynamically

unimportant at the observed
scale(turbulence is strong or magnetic field
is weak)
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magnetic braking timescale of hourglass B field
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Does magnetic braking really enforce B || J?
|deal MHD studies
Magnetic braking is efficient when B||J J ang e

—J | B tends to realized (Hennebell+09, Joos+12).
< BJ|J tends to be realized (Mouschovias+85,

Matsumoto+04) <
Resistive MHD study

Magnetic braking efficiency is almost unchanged

(non-ideal MHD:Masson+16)
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Does magnetic braking really enforce B || J?

|deal MHD studies
Magnetic braking is efficient when B||J
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Resistive MHD study

Magnetic braking efficiency is almost unchanged
(non-ideal MHD:Masson+16)
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Purpose of this study

Resolve the discrepancy of the previous studies

Reveal the nature of the magnetic braking in cloud
core collapse

We particularly focus on

The Initial conditions =
o Matsumoto+04: Bonnor-Ebert sphere, a=0.5
o Joos+12: Wakewmme , 0=0.25

Magnetic diffusion(ohm, ambipolar diff.)

o Matsumoto+04, Joos+12:ideal MHD

o Masson+: resistive MHD (uniform sphere, a=0.25)




Numerical methods and models
methods: non-ideal Godunov SPMHD (lwasaki+11,
YT13) with FLD (Whitehouse+05)

Initial condtions: uniform cloud cores with M = 1 Msolar
(3=0.03)

Both ideal and resistive (Ohm+ambipolar diff.) MHD
simulations are conducted.
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(b) Spiral flow
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Evolution of central J (p>10-2g/cc |deal simulaiton)
As a of initial core decreases, J of 8=90 increases quickly

We obtained the consistent results with previous studies
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Evolution of central J (p>10-"%g/cc, resistive)
In all simulations with magnetic diffusion, J of the central region

decreases as 0 increases. (consistent with Matsumoto+04)

Difference between 06=0, 45 is quite small and roughly consistent with
Masson+16
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Why do the results depend on the initial condition?

We follow J evolution of

® When and how the fluid elements
mag netic braking >We can answer when

and how J is changed

changes the gas angular
momentum have been
ambiguous because
previous studies only ‘f0>
investigate the J evolution e

of the central disk

@ To reveal the physical .
h - h |d Previous studies
_meC ?msm’ we shou investigate how
iInvestigate the angular mean J of disk
momentum evolution of changes under the
. Mmass accretion
fluid elements.




Non-spherical collapse and apparent enhancement of

magnetic braking
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Angular momentum evolution of the spherical shell

In isothermal collapse phase:
magnetic braking is stronger in
model with 6=90

|ldeal: strong magnetic braking in

0 5x10" 1x1045p.4
600
400
200

0 adiabatic/rotationally supported

0 phase.

22 Non-ideal: magnetic braking is

200 suppressed in adiabatic/rotationally
supported phase.
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Angular momentum evolution of the spherical shell
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Comparison between ideal and resistive

Evolution in isothermal
phase is essentially the
same.

Magnetic resistivity (Ohm
and ambipolar) changes

the angular momentum ideal  g=p° |\
evolution in p>10-"3g cm- k4 )
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Summary and discussion

We investigated the magnetic
braking in misaligned cloud cores
and almost all previous results are
reproduced.

Results

In isothermal collapse phase,

Tagnetic braking is strong when B
N

—I|f magnetic filed is dynamically
important in isothemal phase or
envelope (r~1000AU scale), B || J
realizes!

Once magnetic diffusion is included
(more realistic simulation), the
central angular momentum (or disk
size) is always larger in B||J case

Discussion

With multiscale observation
of polarization, we can
determine the scale at
which the magnetic braking
Is dynamically important !
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Summary and discussion

Hull+13 showed that B of core scale is not
aligned with outflow direction (J direction)

This suggests :

T o brakina s eficiont butitd |
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The magnetic field is dynamically unimportant at |

the observed scale(turbulence is strong or
magnetic field is weak)
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Remaining questions

Magnetic field is weak in the core scale?
How can we explain the Zeeman obs?

Turbulence in cloud core is strong?

Simulations tends to produce the cores with strong
turbulence(supersonic, Klessen+05)

Observation does not show supersonic line width. i.e.,
subsonic turbulence (Andre+06, Lada+07). Angular
momentum problem also becomes serious.

OH Zeeman Obs. 1
Troland+08 .~

(CDF)

c
L
S
v
c
3
2
c
=)
K]
3
2
T
s
2
°
o
>
3
2
>
£
=
O

0.2

Hull+13

0 15 30 45 60 75
Projected angle between outflow and B-field (deg) N (H /sz)
21 2

o
=)




Remaining questions

Magnetic field is weak in the core scale?
How can we explain the Zeeman obs?

Turbulence in cloud core is strong?

Simulations tends to produce the cores with strong
turbulence(supersonic, Klessen+05)

Observation does not show supersonic line width. i.e.,
subsonic turbulence (Andre+06, Lada+07). Angular
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