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Abstract

More than 50% of fusion generated a particles can be
absolutely trapped in the axisymmetric tori if the toroidal

current I.is larger than I > 11 MA.




The orbit confinement of the fusion,genérated alpha particles
is one of the key for the confinement devices to workas a steady fusion
reactor. In the nuclear reactions of interest to fusion
reactors the generated alpha particles has energy of order 1 MeV.
Then, a question arise whether the assumption of having the
same confinement time of alpha particle as the fuel ions [1]) is
appropriate or not to the reactor studies since the transit
time of alphas across the toroidal field by VB drift is much
shorter tgan the slowing down time of them in the standard
tokamak p}asma. More over, it excite no little apprehension
whether the single alpha particlg of having MeV energy can be
trapped or not in the collision free plasma in the magnetic
devices of the practical interests. |

The purpose pf the present paper is to see thé necessary
condition in order for an axisymmetric torus to‘act as an
absolute trap of fusion generated alpha particies. In order to
have a definite solution the assumption is made that the fusion
reaction occurs only on the elliptic magnetic axis where the
plasma pressure is maximum.

The model of the axisymmetric toroidal plasma, for simplicity,

is given by the following magnetic flux function P.
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where the plasma is confined in the spherical region (i.e.




r?2 + z2 < R?) and the plasma vacuum interface is assumed-to be a
sphere of radius R [2].

In the present model we have one elliptic magnetic axis at

(2)

]
o

r = R/V2 and z

Thus, the:magnetic axis described by (2) is the source of alpha
particles with energy E, where the energy E is typical for the
reactions.

In the axisymmetric devices with a field which is constant
in time, both the energy and the angular momentum are conserved.

Then, the energy integral can be written in the form [3]
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where Vo, Pg: m and e are the velocity} the angular momentum,
the mass and the charge of alpha particle respectively. Here,

the angular momentum Pe is defined by

Pe = mrvg + eV¥ ’ (4»

where VQ is the component of the velocity in the toroidal direction.
We now wish to rewrite (3) in dimensionless form, with By

and R appearing explicitly as a decisive parameter. We define

dimensionless coordinates (x, Yy):




r=Rzx, z=Ry (5)

Then, the plasma is inside the sphere
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We introduce a dimensionless function' g and the parameters B ané

T as follows.

y=B2R 4, | (6)

B = vg,/RQ , ‘ (7)

T = (vo/RQ)? , | - (8)
where Q = eBo/m and Vo, is the initial velocity component inil

the toroidal direction. Then, the energy integral (3) can be

rewritten by
T= (v, sy R v Lz g - g, (9)
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where gy is the value of the magnetic surface on which the
reaction takes place. Under the present assumption g, = 3/8.

We can thén estimate the region of possible particle positions:




Q=T - -2 (/28 +go - 9% 20, (10)
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where

VPN R A (11)
The condition for absolute confinement is that the equality

i 1 -
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describes a family of cldsed curves in (x, y) space for any B
restricted by the inequality (11) aﬂd that the guantity Q is
positive in the closed domains. A maximum value of the
dimensionless radius x on the closed curve is a function with

respect to T and 8:
x o, = £(T, B). | (13)

In order to heat the plasma jons effectively by the confined
alpha particles they should be inside the last closed magnetic
surface. |

‘Thus, we have

X < 1. ' (14)

The quantity X .. takes its maximum at B = - TI/Z. Therefore,



the whole alpha particles pProduced can be confined inside the

closed magnetic surfaces if and only if
1/2 '
£r, -r'/%) <1 . (15)

The important parameter of any confinement systems to be a fusion
reactor is that the number ratio C of alpha particles confined in
the last closed magnetic surface to the whole alpha particles
prodﬁced'&ust be larger than a critical value. The precise estimate
of the cr}tical C is difficult to obtain at Present. And we give

a simple tmeasure that more than a half of the alphas produced is

inside the last closed surface.

Then, we have
£(T, 0) <1, ' ~ (16)

where the assumptioh is made that whole alpha particles produced
have the same probability with respect to the initial velocity
vector.

From (16) we have for the present model

T 5 (3/16)% = 0.0352 . (17)

Since the most likely fuel cycle for first generation fusion
reactors is D-T reaction, the alpha carries the energy of 3.5 MeV.

. ; .
Then the velocity v, is

Vo =1.3 x 107 m/sec.




And the condition (17) reduces to

R By > 2.74 Wo/m . (18)

e expression of the total toroidal current for the

25%3 the ineguality (18)

Since th

) is I = ’

present model (i.e. Eq. (1)

can be reduced to the necessary toroidal current as follows.

I> 10.74 MA. (19)
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