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Star formation process
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Problems of the star (or binary) formation

Jcloud >> Jstar

Magnetic Braking




Num rlcal Method

3¢ + V- (pv) =0, equation of continuity

- Tl'l = VP _._17‘_B * IT BI ,:_:'\_-.I‘_‘. equatlon Of motion

2B _ v x (v x B), magnetic induction equation

V2¢ = 4nGp, Poisson equation

for p < peri; isothermal phase
for p > peri » ¥ =7/5. adiabatic phase

lydro: Roe’s method, polytrope (isothermal, adiaba@z)
’:‘I f-gravity: Multigrid Iteration Method (matsumoto &/H,a(awéZOO/S)

rid size: 128x128x32
Grid level: L_,=17 (L: Grid Level)
orrll grid numbper: 128 x 128 x 32 x 17

At the basis of the finest grid, this number of sells are corresponding to
8388608 x 8388608 x 2097152 ~ 1020 cells

©® Generation condition of a new grid:
We generate the new grid before Jeans Condition

IS violated

h<i, (h: mesh length A, :Jeans length) Jeans length should be expressed with at least 8 g

® VPP5000@NAOJ:
Vector type Super Computer o hr. x 70 models)




Model

@ Cylindrical magnetized molecular
cloud in hydrostatic equilibrium :

Pe (1 + —

2 —1/2
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Bew

. dUll pjalj ohau

, 2+ B?/87p.
€ magnetic field strength
a=B_/(4prc?)
the magnetic-to-thermal pressure rati
@ rotation w (angular speed)

@ Central density p.=100 cm-3

€ Temperature T=10 [K]




MOdel Scale length

Box size 106 [AU]

Perturbations

Total mass M= 20 Mq

AXISYmMmMetric s

Non- aX|symmer|c:

Parameters

Am>=0, 103, 102, 0.1, 0.2, 0.3: non-axisymmet
a=0, 0.01, 0.1, 1, 5 :magnetic field strength

w=0, 0.1, 0.5, 0.7: rotation speed
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&) L=10 p==1.1x10" {em~) 1) L=13 p-=17x10" (em?)
i r - T T -

A

102, 103, 104, 106, 108, 1019 cm-3
Grid L=1,2,3,6,9, 12
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a=1.0, ©=0.5, A,,=0.2

e} L=10 pe=1.2x10" {cm™)
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Matsumoto & Hanawa 1999

( )
Nakamura et al 1997

( )
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Collapse
fIEE RIRE, REROREND
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magnetic braking

vertical collapse

o / B = const
pl2 /B =pl6(
p/B = const (

(Qc /Bzx)/ (-Q-n:o;fBZCn:oy)

(96! 7B2c) | (91 my/ B

(fc / Bzc) / ('Q'tt:O) IBZ'C[t:O))
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Vertical collapse

spherical collapse

0.01

mag:+, rot.?

-_— mag+ rot+ FLLTCETERTERTERLERLE .
mag:0, rot+ __’

— mag:d, rot-
— mag:-, rot:0 (3)

# |nitia
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X op=107

0.1




€ B (a): ring disk => core

(magnetic braking, magnetic pressure)

: core =>ring, bar

(centrifugal force)

A, ring, core =>bar
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no fragmentation

oblateness(e,,)

‘survive to form binary
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Thin: no fragmentation

Thick: fragmentation

Filled: fragments coalescence
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« fragmentation point

or 10 (bar) 1 4 1.0 100
axis ratio(g,,)
gp >4 and g, <2 or >10 (Machida, Matumoto & Tomisaka 2004)
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Outflow

bar Jspn/lorp ~ 1.0 (Uupper panels)
levap i, TO0talangular ma T T
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Summary

3D MHD Nested Grid simulation

A g

magnetic braking vertical collapse




