P4-

121

Ryusuke NUMATA"”, N. F. Loureiro®

1) Graduate School of Simulation Studies, University of Hyogo
2) Instituto de Plasmas e Fusao Nuclear, Instituto Superior Tecnico

*) Emall: numata@sim.u-hyogo.ac.jp Web: http://www.rnumata.org

Outline

*Magnetic reconnection is ubiquitous in fusion and astrophysical plasmas, which allows
topological change of field lines, and convert field energy into plasma flow and heat. We
perform a detailed analysis of ion and electron (irreversible) heating in weakly collisional
plasmas.

In weakly collisional plasmas, phase mixing processes, such as Landau damping or
finite Larmor radius (FLR) effects create oscillatory structures in velocity space. Those
structures suffer strong collisional dissipation.To address thermodynamic properties of
such plasmas, collisional effects are essential even though collisions are rare.

*\We present gyrokinetic simulations of magnetic reconnection using AstroGK. In addition
to the electron heating due to parallel phase mixing in low-[3 plasmas as has already
been shown in [1,2], ion heating is also discussed [3].

*Main results:

v Heating occurs after most flux has reconnected. Plasmas are not directly heated by
the reconnection process itself.

v A significant fraction of the released magnetic energy, ranging from 10~50%
depending on 3, is converted into heat via phase mixing. (Resistive and viscous
heating is small.)

v Electron heating occurs initially along the separatrix, and later inside the island that is
formed during reconnection. The electron distribution function shows parallel phase
mixing structures. Parallel phase mixing is stronger for higher-f3, because more
electrons are in resonance with the field variations along the field lines.

v lon heating does not spread, and occurs at the reconnection site, and later inside the
secondary island that is formed. For ions, both parallel and perpendicular phase
miXxing processes are active.

v For higher- plasmas, ion heating becomes more and more important, and becomes
comparable with electron heating for =1.

* Publications:
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Simulation setup

Simulations are performed using AstroGK in doubly periodic slab domain.
We follow a setup for linear tearing instability study
We assume uniform background (Vn = VT =VB =0), and 0/0z = 0.

Parameters are kya =0.8, 4'a=23.2, mi/me: 100, TOi/T()e: 1, and pi/a =0.25.
We scanin §_from 0.01 to 1.

Initial cond.: shifted Maxwellian electron (finite u“e), non-shifted Maxwellian ion (u”iZO)
— Electron flow (amplitude and profile) is chosen to give
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(S (x) is to make periodic)

AstroGK accurately reproduces the Spitzer resistivity, for which the electron-ion
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collision frequency (v_) and the resistivity (;7) are related by #/u = 0.380v
The resistivity is recast in terms of the Lundquist number §=2.63 (veiTA)_l (dea)'z

where 7 =a/V , V_ is the Alfvén velocity corresponding to BymaX.

Collision frequencies are determined to achieve the collisionless limit [3]

Heating diagnostics

To estimate plasma heating, we measure the collisional energy dissipation rate
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Without collisions, the gyrokinetic equation conserves the generalized energy consisting
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where 8 f,=—(q,9/T,,) f,.+h, is the perturbation of the distribution function, and h is the

non-Boltzmann part obeying the gyrokinetic equation, and the generalized energy is
dissipated by collisions as dW/dt:—ZS D . The collisional dissipation increases the
entropy (related to the first term of the generalized energy), and is turned into heat.
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