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Introduction

The present paper investigates the dfed of flux surface norcircularity on the
confinement of fast ions in JET-like tokamak plasmas. This investigation is important for
extending the 3D Fokker-Planck simulation d alpha particle behaviour in TFTR [1-5] to also
include tokamaks with nortircular flux surfaces.

The previous analyticd model of a TFTR-like tokamak magnetic configuration[1,4,5
is rendered applicable for a JET-like one by taking into ac@urt the flux surface éongation
and the triangularity A(r) with r dencting the flux surface radius at the midplane. The
influence of dlli pticity and triangularity on the fast ion confinement domains in the mnstants-
of-motion spaceis gudied for tokamaks with week TF ripples.

Magnetic field model

We refer here to an axisymmetric magnetic field with the norcircular flux surfaces
charaderised by
R=R,(r)+rcosy; z:k(r)rsinx[l—/\(r)cosx]. Q)

Here R and z are the spatial variables of the g/lindricd coordinate system (R, z,¢), r is the
flux surfaceradius in the equatorial plane z= 0, x the pdoidal angle k(r) the parameter of
flux surface éongation and A(r) the triangularity parameter. R,(r) =R, +A(r)is the major
radius of a given flux surfacewith R, as the magjor plasma radius and A(r) indicaing the

Shafranov shift. The crrespondng coordinate system is ®en in Fig. 1. We note that the
effedive flux surface éongation, k,, , andthe dfedive triangularity A, are given by

3/2

Koy =KV2(M(A) + 282 F 2 IM2(A) >k, Ay =2AIM(A) <A, M(A)=1+1+8N° . (2)

It can be shown [7] that the flux surfaceradius r and the pdoidal angle x are related to

the flux coordinates {®,9}, which determine the toroidal comporent of the magnetic field
(B, =0d x08 =9'(r, x )0 x Ox withd'(r, x) = a3(r, x)/dx ), by the expressons

L I =
o ZJdrE,(r0 r? rz)é o r,—+/r’ rZ% (3)

and
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2B e M gemfpos - o+ -mcos [} (a+ecosr). @

dXD

where € =r/r,, d =dr,/dr, 1 =dInk/dInr, m=dIn(kA)/dInr and G = d®/dr/(2Jek) =

G(&, k, A\, d, I, m) with J denating the total poloidal current outside agiven flux surface The
profiles of the fador G for k=1.5and a plasma asped ratio A=3.17are shown in Fig. 2, where
x is the flux surface radius normalised to the minor plasma radius a, for different
triangularities A; = 0.1(i-1)x*. According to Ref. [7] the safety fadtor g on the flux surface
given by Egs. (1, 2 isdetermined by

q=(g"9")/(2]1), g"=0000. (5)
Taking into acourt the explicit form of g*and &' this may be expressd as
a=q"F (ke,Adlm); q@ =(0e?/1)L+k?)2, ©)

where q(o) is the safety fador in the paraxial approximation € =0 andfor A=1=d =m=0;
| =1(r) isthe total toroida current inside the given flux surface In this form the fador F
describes the contribution d norcircularity to the rotational transform. From Fig. 3t follows
that both triangularity and elongation result in about 2 times an increase of g(a) for JET-like
parameters (k=1.5, A =0.3) when compared to the purely elongated shape in the paraxial
approximation. The model flux surfaces for JET discharge No40554are displayed in Fig. 4.

Except of the dfed of up-down asymmetry they are seen in excdlent agreement with that
determined experimentally [8].

Numerical results

It shoud be pointed ou that the product of the fadors F and G describes the influence
of norcircularity on the banana width [6]

Ar.b non-circular = Ar.b circular F (87 k'/\id 7| ’ m)G(£7 k,/\,d 7| ’ m) l (7)

where Ar .. 1S the banana width in the case of circular flux surfaces. As evident from Figs.

3 and 4, the flux surfacetriangularity and elongation result in an essential incresse of the
radia excursion d alphas in comparison to the cae of the drcular flux surfaces. The drift
orbits of toroidaly trapped apha particles (normalised magnetic moment A = uB/E = 1) and
of courter-circulating ones (A =0) having energies E=E,=3.5 MeV and E=1.8 MeV are
presented in Fig. 5for the 3.451/3.25VIA JET plasma. It is ®en that the typicd banana widths
are comparable to the plasma radius; therefore one can exped a significant role of orbital
effeds for alpha particle behaviour in JET. The comparison d confinement domains of 3.5
MeV aphas in the caes of k=1.5 and k=1 is presented in Fig. 6 for a fixed safety fador
profile. Upper curves correspondto the boundiry of the domain for co-moving aphas while
the lower curves belong to courter-moving ones. The domain increasse and/or the
improvement of confinement are dealy demonstrated.

Since the enhanced safety fador and banana width result in the deaease of the

Goldston-White-Boazer  threshold 8,5 = [e/(NQ)2 (/0. o) = [/ (NQ)*? Jr/ar,), —in
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norcircular plasmas one may exped also an increase of the stochasticity diffusion damain
when compared with the equivalent I/B discharge in the drcular case.

To evauate the norcircularity effed for the ripple induced colli sional transport of fast
ions we eamine the influence of elongation and triangularity on the toroidally trapped
particles being in resonance with the TF ripple perturbations, i.e. on particles stisfying the
resonant condtion

lw, —Nw, =0, 1=0,%1,... (8)
Here w, and w, are the banana and toroidal precesson frequencies and N is the toroidal field

coil number. Figs. 7 and 8 demonstrate the dependence of the resonancelevelswith 6<1 <18
on the flux surface trianuglarity in the {A,r,_/a}-plane, where r_ is the maximum radial

coordinate dong the orbit. Figure 7 acords to k=1.5 and A =0.5x*while Fig. 8 refers to
k=1.5and A =0. Solid curves in these figures correspondto E=1.8 MeV and dashed ores to
E=1.4 MeV. As the energy deaeases a qualitatively distinctive evolution o resonant levels
bemmes obvious depending on the triangularity. For triangular flux surfaces/A = 0.5x*the
slowing down results even in pinching toroidally trapped alphas. However in the cae
N\ =0the resonant bananas with [=16 shoud be lost from the plasma periphery (r>0.7a)
during the slowing down process

Conclusions

The dfeds of flux surface norcircularity on the dpha @nfinement in tokamaks are
demonstrated and foundto be of grea importance baoth in the ripple induced colli sional and
stochastic transport of fast particles. This is due to the esentia dependence of the toroidal
precesson and bourte frequency as well as the radia excursions of toroidaly trapped
particles on the flux surface éongation and triangularity. It shoud be pointed ou that up-
down flux surface aymmetry negleded here may aso influencethe behaviour of alphas.
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Fig.6 Corfinement domainsof alphas. Fig.7 Resonant levelsfor A=0.3x".

X
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