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   In a previously formulated full neoclassical transport matrix for general non-symmetric
toroidal plasmas, full neoclassical characteristics of magnetic configurations are described by
the three mono-energetic viscosity coefficients M*(parallel viscosity against flows),
N*(driving force for bootstrap currents), and L*(radial diffusion)[1]. Here we discuss on
analytical expressions for these mono-energetic coefficients. Although this previous
formulation has been applied to some recently designed devices[2] to date, these applications
were based on a direct numerical calculation of the linearized drift kinetic equation(LDKE).
For the calculations requiring many iterative processes such as configuration optimization
studies and the equilibrium calculations including the "self-consistent bootstrap currents",
however, the analytical expressions are indispensable.
   To derive the expressions, the radial drift term in the LDKE is divided into two parts
corresponding to the effects of local and global structures of the magnetic field. The
advantages provided by this method separating the contributions of two types of trapped orbits
(banana-trapped and ripple-trapped) are as follows; (1) Effects of non-bounce-averaged
particle motions can be approximated by connecting results of only three types of conventional
asymptotic expansions of the divided equations, i.e., banana-, plateau-, and Pfirsch-Schlueter-
regime expansions, (2) N* obtained by adding the results of divided equations precisely
predicts the directions of bootstrap currents and Ware pinch depending on the collisionality, (3)
L* predicts n regime of the diffusion due to the non-bounce-averaged particle motions, and so
on.
    A simple analytical expression is derived for the ripple-trapped/untrappd boundary layer
effect to the parallel viscosity force (N*) in the 1/n regime. An existing expression of the
boundary layer solution is applied to obtain the moments of the LDKE with the pitch-angle-
scattering collision operator, and the obtained moments can be easily converted to the parallel
viscosity force following our previous formulation [1]. Furthermore, a minor modification is
proposed for the circulating/trapped boundary condition in the velocity space in a previous
banana regime theory [3] to extend the applications to configurations having a kind of quasi-
symmetry [2]. Calculation results in Heliotron-J are shown as examples of this problem. The
mono-energetic viscosity coefficients given by these analytical methods approximately
reproduce results of a direct numerical calculation of the LDKE in various types of non-
symmetric toroidal configurations. A physical insight into the viscosity driven neoclassical
flows will be useful also for other advanced studies related to interactions between flows and
turbulences in helical plasmas.
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