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Observational Visualization

How/ IS the simulation: result olhserved ?

This enalkles us 16 compare simulation With el9servation
directly.

ldentification: off a first ydrostatic core

s Radiaten MEDrsimulationrefi melecular conre collapse (femida;
KT+2011,2012).

n Apply nen LTE radiation transfier (MC methoed)
s |dentification; efi EC by radio melecular line: ols.
KT & Tomida (2011)

Configuration: off B-field realized 1n star ferming stage

s Baretrepic MHD simulation of grav. Contraction off molecular
cores.

a Sink cell methoed Is applied fior protestar phase.
Kataoka, Machida & K (2012; astre-phi this week)




Magnetic Eield Ohser/ation

Direction / Configurations Linear Pelarzation

a [nterstellar dust isi alignedtas Its: majer axis Is
Perpendicular to the interstellar magnetic field.
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Hourglass B-Field

Polarization of dust thermal emission NGC1333 IRAS 4A
Girart + 2006
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(1) Hourglass shape B-field
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(2) Polarization degree is .

low in the direction of major

axis of the disk.
Fig. 1. Map of NGC 1333 IRAS 4A, from GRM06. Contours show the

continuum emission at 877 um, bars indicate the direction and degree of

polanzation {magnetic held vectors), and the color map shows the po-

+
SR arized intensity. At the distsnor of 300 pe, 1 comesponds to 300 AU
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2D pelarization| Is a censeguence of the b
configuratien ef B-field.

e study: B-field frem pelarzation, We
lnave te selve inverse proklem® 2D > 3.
IHOWEVET;, thiSi IS hald to; selve.

We' perform: MiFD gravitatienal collapse
simulatien. Then, evollitions ol pelarization

pattern Is calculated for each snapshot.

Cf. Frau, P., Galli, D. & Girart, J. M. 2011
Padovani, M. et al. 2012




Initial models
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Early: Phase of
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Stage
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Edge-on Polarization
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Late Phase of

Effect of Inclination

Stage
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Low: polarization degree region extends in the
direction off major axis ofi the total celumn.




Depolarization

(1)Eoreground and hackground B-
fielafines Intersect each othaer

With =90deg.

(2)Dust alignment IS perpendicular

(B)his leads: low: pelarzation.

3D View! off B-Eield
0=60deg

This does not occur for edge-on.

(b) depolarization mechanism

red line : direction of

magnetic field lines

behind the star

, . .
.* Integration

observer

Xd) t=8.9 x 10°[yr]. 8 =60°

" [t v " -
| = ' FTTL L 1 ! -
o ! B i e \ \
> ] A \
Py b 1Tt A il

& Lty

o TP
i

- f

e ey

e[ I

-

-

i TS ; :
il (ER P ! I

B

[l
III\-.

!

0




' ) . Comparison withr Olhservation

Polarized Intensity

Polarized Intenflty t=8.9 X 10*[yr], Mps=0.5[Msun]
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Rotating Case = Poloidall + Toeroidal B-Field

(a) t=7.2 X 10°[yr], n=3.8 X 10¢[cm™] (b) t=7.5 x 10*[yr], Mps=0.01[Msun]

(1) Disk rotation amplifies
toroidal B-field from
poloidal B-field.

(2) B-field is composed of
poloidal + toroidal
components above the
disk.
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(3) When poloidal and sV
' A R~ A P i vy (d) depolarization mechanism
toroidal components
are approx. equal,
cancelation occurs
between fore and rear
side of B-field.
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(4) Low polarization _ T tesration
regions and horizontal <l ' becver
direction pol. are made
above and below the
disk.
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Low! pelarizatien degree regions extend 1n a poini-
symmetric way rather tham the line-symmetric way.




Why doi | emphasize the toreidall B-
E1ela?

e extract angular mementtm, Eols
needed.

Lorentz jxB force in ¢-direction comes
firon poeleidal current: Jprand poloidall B:
field Bip.

J comes! firom! tereidal B=field! Bao.

e extract angular moementun, Both
compenents of Bprand By are impoertant.




Misaligned Rot.-Dominated Model

early phase of =) final phase of: = LLate phase of
prestellar stage prestellar stage protostar stage

(a) 1=6.3 X 10°[yr]. n=2.3 X 10’[cm °], ©=0° (b) t=7.3 X 10°[yr], n=2.4 X 10°[om °], =0
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{d) t=6.3 x 10°[yr], n=2.3 x 10[em ], P=50" a0’ (F) t=1.1 ¥ 10°[yr]. Mps=0.5[Msun].
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Another configuration S-shape Hourglass axis and disk
appears as well as houtglass.  minor axis do not coincide.

Erom Y-axis




3D Configuration; and Pelarization

Early protostar phagg: ot Me==01Meurl

@8=00" , ¢=0° (b
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(1) A disk is made perp to
the rotation axis.

(2) Viewing from the x-axis,
S-shape pol. pattern is
observed.

(3) Viewing from the y-axis,
hourglass-shape pol.
pattern is seen. But disk e ==
is inclined. B R R




Misaligned Mag.-Dominated: Model

he early phase ofi protostar phase

1=8.5 X% 104[yr], Mps:0.01 [Msun]
(a) 8=90°  §=0° From Xx-axis (b) @=90° ,p=90° From Y-axis
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I both directions, an heurglass type polanzation
pattern Is olhserved, even in the early phase of
protoestar phase. Magnetic axis perp to the disk.




SUmmary.

Linear poelarization: of thermal dust emissioniis
calculated for gravitatienal collapse.

Poloidalfieldigives nourglass shape.

s Depolonfzation 6ecurs Infthe: direction’ off majer-axis of
the disk.

Roetation amplifies; tereidal B-field
» |dentification of toreidal is explored;
s depolanzation) ececurs: Just below/akheve the disk.
5 pPoint=-Symmetrc pelarzation degree: distrihution.

Inrmisaligned case, not only: Nourglass shape bt
also S-shape pol. pattern is expected, especially.
IN’ rotation-dominatedi case

x In B-dominated case, We expect hourglass shape.




