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In this work, the equilibrium distribution function of fusion generated alpha particles in a
magnetized plasma is found by solving the Fokker-Planck (F-P) equation taking into account
the effects of the magnetic field and of temperature and density gradients. Then, we use this
distributionto cal cul atetransport quantitiesasheat and particlefluxesfor the case of an azimuthal
magnetic field configuration. Finally, we derive from it the alpha particles contribution to the
dielectric function for a plasmain a uniform magnetic field.

1. Steady state distribution function

Being generated isotropically, the zero order distribution function of the alpha particlesistaken
to be isotropic in velocity space[1,2] f, = fo(v) and the F-P equation can be written as[3]

%@%<Mfo+wa>+8(v)—— (1)
when T, =T, = T. Being M = C.¢1(z.) + Cio1(x:), ¢1(z) = ¢(x) — 209 /Ox with ¢ the
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The index o standing for alpha particles and 3 for ions and electrons, z3 = bgv with bz =
\/ms/(2T3) and 7 is the time of confinement of aphasin the plasma. The sourcetermis[3]

S(a) = Y ebeToe ((ateaalt _ ortosea?) 3)
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where the dimensionless velocity isx = z., x4 = bova, Vo = \/2E,/m,, With E,, being the
aphaparticlesmeaninitia energy, v = m;/m., n, theaphas production rate and 7,,. the aphas
heat exchangetime 7. = m,7./(2m.), 7. being the electron collision time.

With boundary conditions [4] fo(v,t = 0) = 0, fo(v > v4,t) =0and dfo/0v = 0 a v = 0,
the numerical solution of Eq. (1) (Fig. 1) shows that the equilibrium isreached in afinitetime.
Thus we have found the new general solution for the equilibrium (i.e. with dfy /dt = 0)

fo _ mae; ve T (/S lzd ;o (U)>dv (4)
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where the constant of integration is determined from the second boundary condition to be the
negative of the indefinite integral evaluated at v > v,,. The analytic dimensionless distribution
function Fy = fy/(14107,.b3) is plotted in Fig. 2 for comparison with the numerical solution
(Fig. 1) at the equilibriumtime¢/(107,.) =~ 1, . For 7 — oo, i.e. without loss, Eq. (4) givesthe
exact solution of the steady state F-P equation. For finite 7, Eq. (4) isagood approximation for
large 7 and with nq calculated from the exact solution fy, .

no(v) = /OU V' for—oo (V) (6)
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Figure 1. Numerical calculation of the time dependent alpha particle distribution function.
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Figure 2. Analytical steady state alpha particle distribution function.

For the first order approximation we write f = f, + f; and neglect collision effectson f1,
thus F-P equation for f gives

~ 0
V-Vrfo—i-wmv-bxa—{;:() (7)

with solution [5] f; = v - b X V, fy/wea, Where b = B/ B. For the following order one writes
f = fo+ f1 + fo taking into account collisionson f, and obtains the following equation to the
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second order o
S0 =C(h) ®)
For high density plasmas as in a magnetized target fusion experiment (MTF) [6] , the magnetic
field B is strong (M Gauss) and the plasmadensity is high enough to give aLarmor radius much
longer than the Debye length in such away that the collision operator C does not depend on B
and the solution to Eq. (8) is fo = —C(v - V. fo) Jw?,. In the case of a uniform density current
of electrons generating an azimuthal magnetic field, the collision operator may be written in
spherical coordinates as

WeaV X b -

C(f) = m o (P + — o (sind) )

interms of 7y and I, [7], components parallel and perpendicular to the velocity, functions of
the friction vector a and diffusion tensor b [8]. And £, becomes

1
w2 V2

fo= [sm@ag <’U [agv Vp fo— dlﬁaa (v</, f0)1> + cosf X

0

0 .
g <U2 laﬁy V- fo— dW%(v \V fo)l )] —di13V, focosh +dy 57, fosin26 (10)

where ag = —Cp1(xp) /0%, djg = meCpd1(xp)/(2maav) and

dig= Ol lcﬁ(fﬁ) - gbl(xﬁ)] (11)
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2. Transport quantities

Astheanalytic calculation of the transport quantitiesis very invol ved we approximate the source
by S(v) = na0(v — vy)/(4mv?), and take ¢, (z) ~ pa3/(1 + px3), p = 4/(3y/7). Then, the
dimensionless expression for the zero order distribution £, can be approximated by [9]

For) ~ ( 1y . ¢n3/2@—nm2¢(i\/ﬁx)> O, — ) (12)
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where = m,/m.. Neglecting gradients along the z-axis and collisions with ions the flux of
aphas

j=du [ @ovi(o) (13)
iscalculated to be
. 2eV2rTnav? N
J= T {QFQ(I,I;—%,Q;—EQ/T) — 1:| vp Tk (14)
and the energy flux
2
q= /dgvm;’u v f(v) (15)
is
3V Tha R
1= /2% (10T (2P (11535 5a/7) — 1) = 2B, | 7, Tk (16)
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There are two outstanding characteristics of these fluxes. One is that both are in the current
direction. The other isthat the second order approximation f, does not contribute to them (i.e.
they present a1/ B dependence).

3. Didlectric function

In asimple geometry, with a uniform magnetic field and using f to first order, the contribution
of the alphas to the dielectric function [10]

Z / d’un/ vidvg (nwmﬁ+/ﬂ%> T (<) (17)

o v, O0vy /{HUH + NWeq — W

k,
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with ¢ = kv, /w., is caculated with the approximation of Eq.(12) for F, and an asymptotic
expansion of ¢; good enough for ,/mz > 1, i.e. for non thermalized a phas.
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_—22nr2(n+1) QFQ(n+%,n+%;n+1,2n+1;—a /n)ZQ(Z)]) . (18)
for aplasmawith uniform pressure (Vng/ng = —VT/T), where
or, Ong Ob,
Ci = bg'a ae =T abg - aeb3 3ng aeb2 19
1 el T (neaT eaT+nT eaT) ( )
and Cy = Taeab2/2T, a = ki/(weabe), 2 = (W — nwea)be/ky, Z1 = N (i 42z —

il e, Zy = (2i — igymz))e~ " and in Bessel and hypergeometric functions n stands
for | n |.
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