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My project is to investigate the formation of binary stars. I am performing a parameter study by 

varying the initial conditions of the pre-stellar core from which they form, namely the magnetic 

field strength, its orientation, the grain size distribution, and the rotation velocity. My 

simulations include self-gravity, radiation-hydrodynamics and MHD with all non-ideal effects 

(the Ohmic and ambipolar diffusion and the Hall effect).

However, these simulations take a huge time. I need to resolve both the initial cloud (10 000 au)

and the early protostar  (the “second Larson core”, with a radius of the order of 0.001 au). Using

the AMR code RAMSES, this scale spaning over 7 orders of magnitude, I ultimately need more 

than 25 AMR levels to reach this precision. Additionally, non-ideal MHD processes (the Hall 

effect in particular) and radiation-hydrodynamics are extremely costly due to the fact they 

impose a small time-step or due to their heavy integration scheme (for radiation). Finally, the 

self-gravity and the fact that AMR resolves mostly only one zone of interest greatly reduces the 

scaling of the code over many cpu. 

For these reasons, only 6 simulations have been running and are not over yet. Those simulations

have a varying magnetic field intensity (mass-to-flux ratio from 2 to 20). Currently they are at 

the first Larson core stage. This is a long stage because the core slowly contracts adiabatically 

for a few thousands year and needs to reach the temperature of 2000 K to accelerate its collapse 

and form the second Larson core. As for now, the simulations have reached a maximum density 

of few 10^{-11} g/cm^3 and a temperature of few hundred Kelvin. The collapse is indirectly 

slowed down by the Hall effect, which, in this magnetic field configuration, enhances the 

rotation of the gas, providing additional centrifugal support against gravity. One of these 

simulations have a reverse magnetic field, so the Hall effect slows the rotation and promotes the

gravitational collapse.



Illustration 1 : density slices for different mass-to-flux ratio : 2 (left), 5 (middle) and 20 (right),

with anti-parallel magnetic field and rotation axis. White vectors represent the gas velocity.

Illustration 1 represents density maps for various mass-to-flux ratio (μ). The right panel is μ=2 

(strong magnetic field), the middle panel is μ=5 (intermediate magnetic field) and the right 

panel is μ=20 (weak magnetic field). We clearly see the impact of the magnetic field which 

reduces the rotation velocity and the ability of the core to fragment with increasing strength. The

influence its orientation of the field can be assessed by comparing the leftt panel with 

illustration 2. In illustration 1, the initial magnetic field and rotation axis are anti-parallel. In this

configuration, the Hall effect enhances the rotation. In illustration 2, they are parallel, so the 

Hall effect slows the rotation of the gas, leaving only an almost non-rotating dense first core. In 

this case, binary stars are unlikely to form by rotational fragmentation. Further integration of 

these simulations needs to be done to reach the second collapse. During this process, the fast 

accretion of gas (and thus angular momentum) can lead to fragmentation at small scale, leading 

to the formation of close binary stars (with a separation of < 1 au).

Illustration 2 : density slice for a mass-to-

flux ratio of 2 with parallel magnetic field 

and rotation axis.


