Response to “Comment on ‘Magnetohydrodynamic simulations
of direct current helicity injection for current drive in tokamaks’ ”
[Phys. Plasmas 3, 1038 (1996)]

C. R. Sovinec®
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

S. C. Prager
University of WisconsirMadison, Madison, Wisconsin 53706

(Received 24 September 1996; accepted 1 November) 1996
[S1070-664X97)02102-7

In Ref. 1 we investigated dc helicity injection current unsolved issue. Computational results have shown that it can
drive by solving a set of resistive magnetohydrodynamicbecome large as viscosity is increaséche only experimen-
(MHD) equations in a circular, cylindrical configuration. tal input of which we are aware is a direct measurement of
Two of our results are thatl) current penetration is incom- the Hall dynamo in the Madison Symmetric Tor(dST)
plete, and(2) penetration is accompanied by magnetic fluc-reversed-field pinch, wherein the Hall dynarbxB term)
tuations with amplitude of order 1%. We believe the chosercan account for no more than 25% of the fluctuation-driven
MHD equations are highly relevant for two reasons. Firstcurrent in the plasma edde.
the resistive MHD equations are the basis for the Taylor ~Jarboeet al. invoke the rotamak concepto buttress
relaxation and helicity balance arguments that underlie théheir anticipation that the Hall term is significant. In the rota-
proposals for a dc helicity injected tokamakSecond, the mak concept, externally driven waves produce current
equations and code that we employ have provided enormouBrough the Hall effect associated with the wave fields. This
insight into current profile relaxation and fluctuations in re-has little to do with dc helicity injection, in which the fluc-
lated situations, such as the reversed field pinch. The coniuations spontaneously arise from the current density gradi-
ment by Jarboet al? reports no error in the computation or €nt. Interestingly, the observed=1 magnetic fluctuations in
any of our physics results. Their comment is devoted to &1IT with amplitudes between 1% and 10% appear to be
speculation that additional effedt®roidicity, Hall and rota- ~ consistent with our calculations.
mak effects, and Lundquist number sca)ingll greatly and The statement that “the lack of Hall terms has been used
positively alter the two physics results cited above. Althoughto explain differences between the fluctuations predicted by
they present neither experimental nor theoretical results tée code and those observed in quiescent reversed-field pinch
support their claims, we have no quarrel with their specula{RFP) confinement experiments which ha@e<1.5" refers
tions since they are outside the scope of our work. Nonethel® speculation following a very rough Lundquist number
less, we respond to their comments below and clarify som&caling inferred from computatidhimprovement inS scal-
misconceptions therein. Many of these points can only bénd studies in both computati3f®and experiment has elimi-
settled by further research, such as that being carried out ii2ted the discrepancy within the context of resistive MHD,
the Helicity Injected TokamakHIT) experiment conducted although the issue dé scaling remains open.
by the authors of the comment. (3) We agree that the scaling of helicity injection physics

(1) Jarboeet al. remark on toroidal effects. They note with Sis an .important issue, as we stress in our paper. un-
that in tokamaks with strong poloidal asymmetsyich as at fortunately, in both computation and present experiments,
a small aspect ratjoa hollow current profile can yield a Such as HIT, theS values are many orders of magnitude less
hollow q profile, and that HIT data are consistent with suchthan that of a reactor. In our paper we report a limited
profiles. We are aware of this fact and agree with the impli-Scaling study, which implies that our results might not be
cation that hollow, partly penetrated profiles can then be 0fgreatly alter_ed_as increases. In addition, extenswe_ studies
fusion relevance. While it is interesting that HIT results arell the RFP indicate that th values of the computation are
consistent with hollow current profiles, as observed in ousSufficiently large that the fluctuations and relaxation are not
computation, determining the influence of toroidicity on resistively quenched. Nonetheless, resolution of this issue

mode coupling and overall dynamics will require further @Waits further research.
computation.
. (2) Jarboeet al. are misleadir]g in their assertio'n of the ACKNOWLEDMENTS
importance of the Hall term relative to other terms in Ohm’s . _ _
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ponent and permits magnetic reconnection. They also over-
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law, which, indeed, is also large and competitive with the 1c R sovinec and S. C. Prager, Phys. Plasgd038(1996.
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