A New Scheme to Solve Gas
Disks around Stars

Application to Binary Stars
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Binary Formation Scenario

Disk Formation
& Fragmentatio

Cloud Core @




Still
Difficult
Problem

3D SPH Bate &
Bonnell (1997)

Ochi, Sugimoto, & i~y )
Hanawa (2005) S .



http://www.journals.uchicago.edu/action/showFullPopup?doi=10.1086%2F428601&id=_e12

Numerical Difficulty in Handling
Centrifugally Supported Disk

ov | VP Dominant
ot ' 7: but cancelled

Small but important

Ar << szi<<r

dp

Very high spatial resolution is reqquired.



Reference Velocity Method
u(r, t) =W (r)+ V(r, t)

Real = Reference + Residual
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Simplification of the Problem

—

 No Self-Gravity -
e Circular Orbit (e =0)

e The Orbit and Disks
are Coplanar (2D)

* Co-rotating Frame

Artymowicz & Lubow (1996)

Bate & Bonnell (1997) Rosche Potential

Ochi, Sugimoto, & Hanawa o
(2005) + Coriolis force
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The Reference Veloc
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y Numerical Flux:
No Interpolation of w




Nested Grid 5122 10

6-10

Wide Coverage +

High Resolution

39.3

10, R,

The Finest Grids: 0.6142 with x=1.2:103



Model Parameters

Sound Speed: Cs =0.22
Mass Ratio g = 0.95/1.4 =0.68

Softening of Gravity
-1, <0.07&r,<0.07

Reference Velocity
—Primary r; <0.4 (Kepler) r;<0.58 (Slow)
— Secondary r, < 0.27 (Kepler) r, <0.41 (Slow)



Close Up View
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Growth in Disk Mass
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dM/dt
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When Primary accretes more

1 =93.300
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When secondary accretes more

i =159.300
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Shock Energy Dissipa 1.6
IS Important. |

1.8}

Jacobi constant |
u’ GM, GM, o Lol

2 |r-r| |r-n]
| Qxr[’ 2.2}
2 |
2.4
C.2= 0.0484 |




Balmer HS8, H9, & H10
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Emitted from Stars

2 Broad Components

v=+80kms™

Stempels & Gahm 04
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V4046 Sqgr
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Origin of Broad Lines
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“Clouds” Hot Spots

Stempels & Gahm 04 L2 = Primary
L3= Secondary



Summary

The effective gravity is greatly reduced by
introduction of the reference velocity.

The primary disk is always perturbed by
the gas inflow through L2. (contradiction
with SPH simulations)

Spiral shock waves oscillate with variable
amplitude.

The hot spots appear on the L1 sides of
primary and secondary disks.



Reference Velocity

P (Kepler Rot.)
P (Slow Rot.)

B S (Kepler Rot.)
S (Slow Rot.)

. Circumbinary
(Kepler Rot.)

No Reference
(w=0)
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