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Binary Stars

Binary System: 2+ stars or stellar-mass
objects bound together
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Roche Lobe Overflow

« Multiscale in length (1 km -1 au)
~* Multiscale in time (1s -1 Myr)
\ eedback is essential
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Binary Evolution

Tidal-Instability

—Capture=p

Foundation of the evolution of the universe, but...
« All the complexities of stellar evolution

« Multidimensional binary interactions

. Many key processes (e.g. RLO) invisible
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The Solution
3D Evolution
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Recent Developments
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Time-Incremented Multiscale
Evolution (TIME)

_ Extract fluxes from stea

VH ‘41
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Time-Incremented Multiscale
Evolution (TIME)

« Decouples duration from spatial resolution
- Variable time resolution
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Density (g/cm?3)

L1 Mass Flux vs Donor Mass
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M - Hydrostatic MESA initialization . ) . ) ) ; ; e

- Steady state generated by VH-1 Figure 2: Prototype model relaxation from hydrostatic MESA profile and its associated wind prescription. The donor
A - Donor envelope

B - Accretor envelope . o . ] . . . . .

C- L1 tidal stream (p=d ) wind. The majority of the donor wind (E) is still lost from the system, in keeping with the hydrostatic solution. The
D - Supplemental wind atcl:cretion dispersion in the VH-1 steady state arises from induced flow dynamics not accounted for in the MESA profile.

E - Non-accreting donor wind

(A) and accretor (B) envelopes are maintained in their hydrostatic profiles with minimal noise. Mass transfer (C) is
initiated at the L1 Lagrange point as expected, and the accretor also sustains additional accretion (D) from the donor
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Results
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B M Fully Stable RLO
C BSemi-Stable RLO

Timescale D-TE Unstable RLO
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Timescale

Rate and Timescale of Roche Lobe Overflow
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Conclusions

Method
-+ MESA integration promising (7 orders faster than HD) and stable
| T Tlmescale
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The 3D Evolutlon Horizon
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