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Methods
Basic equation: MHD with gravity
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Code: Athena++ (Stone et al. 2020)

Numerical flux: HLLD Riemann solver (Kusano & Miyoshi 2005)

Second-order accuracy in space and time

Resolution: Δ𝑥 = 0.01 𝑅1 (near the primary and along the orbit)

Coordinate system: Cartesian, centered on the primary

Mass ratios: q = 0.25, 0.5, 0.75

Initial magnetic field: dipole magnetic field with 𝛽surf = 103 or 20

Evolution tracked to: separation = initial primary radius
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Orbital evolution

of the companion

External forces

including inertial terms

連星間距離・公転周期減少の対応関係は
L2点からの質量損失に基づくモデルで説明可能である。

結果②：公転周期と質量損失の関係
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Angular momentum transport from the stellar cores to the envelope

→ Orbital shrinkage

公転軸まわりに
平均をとった密度分布

計算開始以降の連星の公転数

伴星が主星内部へ突入した時点からの時間

Results
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周連星ガス分布：𝜌 ∝ 𝑟−2.5

（モデルは 𝜌 ∝ 𝑒−𝑟𝑟−2を仮定）
• 質量損失の時間依存性
• (球対称でないこと)  が重要

質量損失のモデル修正が必要

ガスは全立体角の17%に局在
→ 解析的モデルは30%を仮定
 (しかし厚みはEoSに依存）

仮定：系からの質量損失はL2点を通して行われる
失われる角運動量はL2点の比角運動量で書ける

連星が接触するまでの時間

共通外層期直前の質量放出はLuminous 

Red Novaに対応すると考えられている。

3次元計算により連星系からの質量損失を

調査、解析的モデルと比較した。

• 解析的モデル（Paczyński & Sienkiewicz 

1972）では考慮されていない
質量比に依存した質量損失率の時間変化
が確認された。
→ 周連星円盤やその後の連星軌道進化に
影響を与える可能性あり

Paczyński & Sienkiewicz 1972

• We performed 3D MHD simulations of binaries immediately before CE onset to characterize pre-dynamical mass loss.

• The measured mass flux through L1 region shows a time evolution in agreement with analytic models.

• Although about 10% of the gas returns toward the donor as back flow,

this multidimensional circulation does not prevent the L1 mass flux from following the analytic scaling.

• These results provide a physically grounded basis for pre-CE mass-transfer prescriptions used in LRN shock-interaction models,

which will be increasingly important for interpreting future LSST discoveries.

Summary

可視光で見える突発天体

• 特徴的な光度曲線

• 𝑡peak−plateau = 10~200日

新星と超新星の中間の光度

• 𝐿opt = 1037~41 erg s−1

銀河系で5年に1回起きる [3]

質量損失率は解析モデル①の
ሶ𝑀 ∝ 𝑒𝑡という形ではなく
時間のべき関数を示唆

→ 主星からの質量損失モデル②
ሶ𝑀 ∝ 𝑡−𝛿

 に近い結果
さらに質量比依存性を考慮した
モデルを構築する必要あり
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Density distribution at the time of companion engulfment:

orbital plane (left) and perpendicular plane (right) for q = 0.25

Mass loss

from the L2 point
Gas distribution 

surrounding the binary

Density in the orbital plane

Steeper 

variation

Despite the presence of back flow,

the mass-loss rate is consistent with

analytic models [4] across mass ratios

and with or without magnetic fields.

主星からの質量損失モデル [5]

仮定：
• 主星はロッシュローブを満たしている
• 系は準静水圧平衡状態
• 質量輸送はL1点を通して行われる

（𝑛は主星外層部のポリトロープ指数）
ሶ𝑀 ∝ 𝑡−

2𝑛+3
2𝑛+1

連星間距離の時間発展

RLOF時点から開始

連星間距離=主星半径

軌道収縮

Mass flux on a plane perpendicular to the binary axis for q=0.25

Back flow

within L3 equipotential

Mass flow from donor

Back to donor

Mass flow from donor

Back to donor

Back flow reaches ~10% near 𝑡 = 𝑡enc, 

independent of mass ratio and magnetic fields.

Time evolution of the ratios

of mass transfer rates

~10%
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The ejecta produced at binary contact interact with

the pre-existing gas producing the observed emission.

Time evolution of the mass-loss rate

Red giants and red supergiants, can undergo strong binary interactions when they fill their Roche lobes, potentially leading to

the onset of a common-envelope (CE) phase or a stellar merger. Luminous red novae (LRNe) are widely interpreted as

observational counterparts of such events [1, 2]. Their light curves can be powered by shocks between fast ejecta and pre-

existing circumbinary material [3]. In current models, this material is set by assumed prescriptions for pre-dynamical mass

loss [4], still largely unconstrained by multidimensional simulations. With the upcoming Rubin Observatory LSST sample [5],

physically grounded models for pre-CE mass loss are essential. Here, we perform three-dimensional MHD simulations of binaries

immediately before CE to test pre-CE mass-transfer prescriptions and characterize the resulting circumbinary environment.
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