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Supra- thermal ions can contribute to the steady-state current in 
future large tokamak machines like NET or ITER . The fast-ion population is 
generated by c01113100a1 slowing-down of high-energy ions which were in 
jected as neutral atoms in Quasi-tangential direction and ionized by plasma 
interactions. Depending on the initial beam shape these fast ions can ex
cite mlcroinstabl11ties of the Alfven-wave type which are driven by the 
gradients In velOCity-space . The ensueing plasma turbulence is expected to 
slow down the fast ions very quickly . This effect reduces the current drive 
efficiency which otherwise is comparable to that of other current drive 
schemes l i ke lower hybrid waves where the toroidal current is carried by 
high-energy resonant electrons . 

. According to llnear theory one type of this class of instabillties is 
excited when the following two criteria are violated at the same time: ( 1) 
the fast ion velocity component parallel to the magnetic confining field is 
lower than the local Alfv~n-s~eed vA: 

vb .. < v A - /B ~ I P . II (1) 

where p is the mass density of ~he plasma r nimi. (2) The energy density 
stored i n the fast Ion population. normalized to the energy density of the 
thermal plasma, remains below a certain threshold: 

(2) 

where Vb and ve are the velocities of the beam ions and thermal electrons , 
resp. , and C is a number which depends on details of the shape of the 
injected beam, and is likely to exceed ~ [1] . The energy density in the 
fast ions grows linearly with the power Pb - (Eb . rb) of the injected 
neutral beam . The two stability conditions can be re-formulated when 
referring to typical plasma scenarios which are anticipated for neutral 
beam current drive in NET and for which the deposition of neutral beam 
power and particles was calculated numerically [2]. In particular, for the 
injection of a beam of neutral deuterium atoms of energy Eb In a OT-plasma 
with Zeff • 2 (fully ionized carbon) one has for the condition of eq. (1) : 

(3 ) 
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where Eb is in keV , Bin Tesla , n in units of 10lll m-3. The second 
condition eq . (2) can be expressed 9by using a relation from (3] for the 
average energy density of the fast 10ns (assuming neT'" n iTi) : 

Here Vp is the plasma " volume , H is the radial deposition profile, or 
"shape-factor" of Ref. [2J . describing the local production rate of fast 
ions io . this particular plasma-beam configurat i on , lS is the Spitzer ion
electron momentum exchange time, Ge is the electron energy-transfer factor, 
it is a function of Eb/Te and lse/lex . where lex is the lifetime of a fast 
ion before it leaves the fast-ion population via a charge exchange 
collision with either a neutral fuel atom or a partially ionized impurity 
ion, or via radiative recombination with a plasma electron. If we assume 
these processes to be sufficiently frequent, Ge varies rather slowly with 
(Eb/Te) in the parameter range of our interest [3] , hence we can set it 
constant: Ge • 0 . 15 . We now re-write eq . (~) to show the dependences on the 
main beam a~? plasma parameters: 

(5) 

where C* is another numerical constant. When comparing the two stability 
criteria, e~ . (3) and (5), with respect to their explicit density depend
ences, two opposite trends become apparent: eq. (3) favours Iow-density 
operation by allowing to raise the beam energy prop . ne l

, eq. (5) favours 
high-density scenarios since the right-hand side grows as n~ . Hence, by 
combining the two criteria into one we might expect to find a region in 
parameter space where the risk of exciting Alfven-wave instabilities 
becomes independent of plasma density. 

Using the NET mode l plasma of Ref . [2] and the deposition cal
culations based thereupon for quasi-tangential injection (~OO with respect 
to the major radius direction), we have evaluated the two local criteria 
point by point along the minor radius for a number of scenarios. It turned 
out that the ratiO of energy densities (cf . eq. (~» decreases monotonic
ally outwards from the plasma centre owing to the fact that the deposition 
profiles peak on axis (except for very high plasma densities and very low 
beam energies). This implies that the condition on energy densities is 
fulfilled everywhere in the plasma when it is satisfied at its centre. In 
addition. the data of Ref. [2] show that the central deposition rates H(O) 
have a smooth dependence on the ratiO (Eb/neo) tending towards saturation 
(or even descent) beyond the maximum value considered in [ 2] , namely 
Eb 1 0 0 /ne 1 ') .. 1017,5, where the deuteron beam energy is in uni ts of 
0,1 MeV, and the electron density in 10 1

') m-3. In the following cal
culations we assume a constant value of H(Ol for higher (Eb/nel-values 
(wh ich is an even more pessimistic approach). The above relation between H 
and Eb/ne is now used to establish the stability criterion eq . (~) in the 
(Eb ,ne)-plane, see Fig . 1 . Here we show, as an example , the curves labelled 
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(1) and (2) for two different values of the product (Po ' r e ): 3tabll1ty ls 
ensured on the right-hand. high-density side of either curve. Another 
border-line between areas of stability and instability in the (Eb ,ne)-plane 
Is defined by the condition that the particle velocity is smaller than the 
Alfven-veloclty , cf. eQ. (3) . It is plotted in fig. 1 as the curve Eb (vA) 
for B • 5 Tesla: the parameters for stable operation are In the hatched 
part below the curve. By combining both sets of curves we find a 
"stability - diagram" of the beam- plasma configuration In NET , for which the 
deposition calculations of Ref . [2J were made. It can be interpreted as 
follows: both conditions , eqs . (3) and (5) , must be violated at the same 
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time for an unstable 51tuation to arise. Hence , In the low-temperature case 
there Is stability at all densities for deuteron beam energies below 
1,13 MeV, or f?r all beam energies as 300n as the density is higher than 
5,5 . 10" m- • In the high-te mperature case we find 3tability at all 
densities if the beam energy is below 0 .15 MeV, or alternatively, with all 
beam energies for densities highe r than 1 , 2 . 10 19 m-'. If one wanted to 
work with a higher deuteron energy in the high- temperature case, say 1 MeV , 
one has to accept the riSk of instabilities in the density range between 
5,2 . .. 6,6 . 10) 9 m- • If theory would predict a lower number for the 
numerical constant C in eQ . (2) , higher plasma densities are needed f or 
stability , hence the two curves (1) and (2) in Fig. 1 are shifted to the 
right. 

In summary: for a given beam plasma configuration with fixed values of 
the magnetic confining field B and of the product (Pb ' Te ) , we can identify 
numbers of the beam energy Eb and of the plasma density ne ' for whi ch no 
Alfven-wave ins tabi lity occurs . The exact location in parameter space of 
these stab~~ operating regimes depends on the number value of the constant 
C in eQ. (2) and , to a lesser extent , on the lifetime TCX of the fast ion 
during slowing down . 
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