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First-principal validation of an attractive force between dust grains
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It has been known that dust grains are quite ubiquitous in astrophysical environments, including interstellar molecular clouds
protoplanetary disks, planetary rings, and tails of comets. When the dust grains coexist with an ionized plasma, they may acquil
substantial amount of charges. The plasma and the dusts are then coupled with each other, forming a dusty plasma or compl
plasma and has been studied for astrophysical applications.

In a simplest situation where collisions between dust and plasma electrons and ions dominate a dust charging process, t
sign becomes negative because generally the flux of electrons is larger than that of ions. One would thus expect that there exi:
a repulsive potential between dust grains. In reality, however, forces acting on dust grains may be much more complex du
to interactions with plasma particles (e.g., Shukla and Eliasson, 2009), and interestingly, there may be attractive forces workin
between dust grains. Such attractive forces, if indeed effective, may play an important role in, e.g., formation of stars and planet:

One of the proposed attractive forces is that of due to overlapping Debye spheres, which is considered to be effective when tt
inter-grain distance is comparable to Debye length. Resendes et al. (1998) showed that the potential between grains is simil
to that of the Lennard-Jones. However, experimental validation of the theory seems to be difficult due to the complexity of the
system.

The aim of our study is to validate the existence of such an attractive force, by using direct N-body simulations. With the
first-principle approach, we can simulate and investigate the behavior of a dusty plasma without any assumptions. By using
newly developed N-body simulation code for a homogeneous electron-ion plasma (implementing Ewald’s sum algorithm), we
have reproduced plasma oscillations and confirmed the Debye shielding. We extend the code to implement the PPPM (particl
particle particle-mesh) method allowing us to perform simulations with a much larger box and introduce dust grains. We will
investigate possible existence of the attractive force due to the overlapping of Debye spheres using the direct simulations ar
discuss astrophysical relevance.
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