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Shear Alfven continua have been calculated for stellarators over a range of shapes and aspect ratios
as a first step toward understanding Alfviastability induced fast ion losses in such systems and
possible means for minimizing these losses. Stellarators introduce strong poloidal/toroidal couplings
in both|B| and theg”” metric coefficient that can induce new continuum gap structures not present

in axisymmetric tokamaks. Low field periofilf,=2~-3), low aspect ratio devices result in strongly
coupled toroidal mode familiesnE =ng, =ny=Ng,, =ng*=2Ng,, etc) that lead to helically
coupled Alfven gaps at lower frequencies and with wider gap structures than are the case for larger
aspect ratio, higher field period stellarator devices. 2@3 American Institute of Physics.
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I. INTRODUCTION between multiple toroidal modes while retaining an ad-
equately resolved Fourier spectrum for the equilibrium quan-
tities. This code utilizes MPI(message passing interface

garallelism over flux surfaces in order to allow both a high

Fast ion destabilized Alfwe mode$? are of interest in
stellarators 2 since they can lead to enhanced fast ion
losses and lowered heating efficiencies. In addition, thes : ) .
instabilities have potential diagnostic ¢5fMHD (magneto-  9€9'€€ of radial and Fourier space resolution. .
hydrodynamicsspectroscopl and may offer the possibility In the following, Alfven continuum structures will be

of directly channelind? fast ion energy to core ions through surveyed in both Iarge and small aspect ratio stellarators.
wave-particle mechanismie., bypassing the slower colli- Calculation of the Alfve continuum structure is the first step

sional transfer mechanismgOptimized stellarators also of- in predicting the frequency spectrum and stability properties

fer the possibility of controlling the severity of Alfvemodes of energetic particle destabilized modes in stellarators. Dis-
through the tailoring of the plasma shape. crete modes with a global radial extent generally exist in the

Recently, there has been significant interest in the desigA2PS between adjacent AIW‘EO”“_”“a? these discrete modes
of compact stellarators; these offer the potential of largeff@n Pe destabilized by energetic particles through inverse
confined plasma volumes at fixed capital cost while preservkandau dampingwhen the fast particle velocity matches
ing steady-state operation along with good confinement angither the phase velocity of the stable discrete mode /)
stability properties. However, low aspect ratio stellaratorsr its coupled .sidebanﬂ_fs(s.vf\). When such instabilities
have stronger poloidal/toroidal/helical couplings|B| and ~ are near marginal stability, it is expected that if the mode’s
the g°” metric coefficient than either tokamaks or large as-féal frequency matches the frequency of neighboring con-
pect ratio stellarators. These couplings are caused by the réinua, continuum damping will result, increasing the thresh-
quirements that the magnetic field and metric elements beld of the energetic particle pressure gradient required to
periodic functions in both poloidal and toroidal angles; thisdrive these modes unstable. Studies of such effects in toka-
periodicity leads to the appearance of gap modes in an analé?aks have shown good correlations between analytical con-
gous way to those encountered in periodic lattice structureinuum damping predictiont$ and non-perturbative numeri-
in condensed matter physics. Since the Affgmaps arise out ~cal calculation®’ of Alfvén mode stability.
of the couplings present in the functigf®/|B|?, low aspect As a result of their three-dimension@D) shaping, stel-
ratio devices can have wider gap structures than high aspel@rators offer a higher degree of design flexibility than toka-
ratio configurations. Also, low aspect ratio devices are genmaks. Over the past few years, comprehensive physics/
erally designed at low field period®{,=2-3); as a result, engineering based design tools have been develbplat
more closely spaced toroidal mode families must be takemllow the optimization of stellarators with respect to confine-
into account in calculating the Alfvespectrum. Calculations ment, stability, equilibrium robustness and a range of magnet
have recently been made of Alfweontinua for large aspect coil engineering issues. It is expected that the model devel-
ratio stellarators:®° In order to analyze Alfve continua in  oped in this paper could ultimately be applied as an addi-
low aspect ratio devices and to make contact with large agional target for such optimizations. Due to the fact that the
pect ratio results, we have developed a computational tooAlfvén continuum structure is determined by the geometric
(the STELLGAP code that can take into account interactions and|B| couplings, and that these can be directly influenced
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by plasma shaping, it is anticipated that stellarators could b&he second term in the above equation can then be integrated
optimized in ways that could enhance continuum dampindy parts to obtain the following symmetric matrix eigenvalue
effects over at least limited ranges of frequency. equation:

In the following sections, we first present the Alfve pio =
w“Ax=BXx

continuum equation, describe the solution techniques appro-
priate to 3D systems, and outline the categories of Alfve . ger

gaps that can be addressed with this calculati®ec. I). where A=[ai,-]=,u,0p< € @?e,—>,

Next, in Sec. Ill, our model is applied to several examples of

large aspect ratio stellarator configurations. In Sec. IV, we g | de ade\[ de, de

analyze Alfven continua for two recent low aspect ratio de- B=[b ijl= < 5 ( — ( —+ 3 ')>

vices having quasi-poloidal and quasi-toroidal symmetries. B ‘/— ¢

Finally, in Sec. V we present our conclusions. x=[E} E2 ES --- Ew]T' (5)

These matrix elements are obtained after expanding the fol-

. lowing products of magnetic field components and metric
Il. ALFVEN CONTINUUM EQUATIONS AND SOLUTION elements in terms of Fourier series:

TECHNIQUE

pp
The Alfven continuum equatior for 3D stellarator equi- g_Bz_g 2 E,cognl—m,0),
libria in the low B, incompressible limiti.e., no sound wave
coupling can be written as follows: g7 K (6)
| 2 |V 42 BZ\/_ Z Frcognd —md).
Mop® _2_E¢ BV:—z_(B ‘V)E ] 0, )

The quantities on the left hand side of the above equations
whereE , is the covariant component of electric field. We are initially calculated for each flux surface on a mestin
have solved the above equation in straight field line Boozefnd { by forming the appropriate products and quotients of
coordinateg® The use of straight field line coordinates pre- equilibrium quantities. These data are then transformed to a
serves the zeros of thB-V operator when coupled with a Fourier space representation, keeping the shortest Fourier
Fourier series representation fay,: wavelength at least a factor of 2—3 larger than the mesh
spacing to avoid anti-aliasing errors. The matrix elements
then depend on two convolution integrdlsther Fourier
product combinations such as those involving ods(

, —md)sin(n;{—m;6)cos ) and sinf/—mé)sin(n;
For the calculation of Alfve continua in devices with stel- ma;smgnfg mkg) mtgggratr:ktg (0} G{mosing it

larator symmetry, one can consider the cosine and sine com-
ponents separately in the Fourier expansio& pfdue to the [k f” dgf” d6 cogn;Z—m;6)cogn: ¢ —m; )
fact that they are not coupledSince both have been found RS B : ! ! !

to lead to similar continua, we will consider only the cosine
expansion ok, in this paper. An exact representation of the

L
E,=>, Ele; where e=codn;{—m;6). 2
=1

Xcog Nl —myb),

)

B-V operator has been found necessary to preserve the zero - -

frequency crossing&hat occur at mode rational surfages |Llk= J dgf désin(n;{—m;#)sin(n;{—m; )
the lowest frequency shear Affwecontinuum. The above o7 T

equation can be expressed in Boozer coordinates using the X cog N —my6).

following relations: . . .
g Analytic algorithms have been developed to provide these

1 9 9 di\? integrals for arbitrary combinations of the mode numbers
B-V= T(Jf %WL a—g d_) , 3 m;, n;, m;, n;, mg, n,. The calculation of similar integrals
9 P has been discussed previously in Ref. 19. The required ma-
where 6 is the poloidal coordinatef, is the toroidal coordi- trix elements may then be written as

and |Vy|*=g

nate,p is the normalized flux surface labe?” is the con- K
travariantpp metric element and is the rotational transform. Mop.onz ILLKE,
Multiplying Eq. (1) by /g cosy{—m6) and flux surface
averaging, denoted by --)=[2"d{[3"d6(---) where g is K (8)
the Jacobian, we obtain bij= E Lécka[’rzmimj+ninj++(miﬂj+mjni)]-
gPP L . J -
Low?p ei@FE E{/,ej +(elt ﬁ_l_ a_g E_quation(l) has thus been reduced to a symmetric mat_rix
=1 eigenvalue problem. We solve the above system of equations

op L for all possible eigenvalues and eigenfunctions using the
% 9 ( J )2 _ (4) DGEGV routine from the IBM ESSL librar$f It is expected
BZ\/§ &9 4 that a higher performance continuum calculatisuch as
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' . r , r mode numbers are positive; there must then be both positive
0% L 3 . 4 and negativen’s present. For example, in an axisymmetric
) ’ system one would represeff, with n==*n,, andm=0 to
‘ Max- FOr a stellarator tha’s must be augmented with side-
e : T bands ang*Ny,, No*2Ng,, etc., as well as at np= Ny,
: : . —Np=2Ng,, etc. In the following we refer this to as the
. =ny mode family. In some cases for low field period stel-
larators(i.e., whenny=N¢,/2) the +ny and —n, series will
overlap so that onlyn=ny*=N¢,, Ng*=2Ny,,... terms are re-
quired. For each toroidal mode number, a set of positive
poloidal modes are included up to some maximumnvalue.
10° - 1 For the examples given below, we have represehtgdsing
Lo s ] s2| osh | she - 6—8 toroidal modes and a sufficient range of poloidal modes
ol el Fa ECD P so as to include those helicities present in the rotational
0 0.2 04 0.6 0.8 1 12 transform profile Q/ ¢ <M<n/yyi,) as well as to accommo-
VA e date Alfven couplings from adjacent toroidal modes. For
most configurations, the negative helicity modesni<0)
FIG. 1. Condition number vs flux surface location ®2 fieldperiod QPS  result in Alfven continua only at relatively high frequencies
cor_1figurati0n showing alignment of the peaks in condition number With[i_e_, wa~va(N++m)/R] in comparison to the positive he-
rational surfaces. licity modes which are more dominant at low frequencies
[i.e., wpa=~va(n—#m)/R]. The equilibrium coefficients are
typically represented by 20 poloidal modes and 20 toroidal
might be required for a stellarator optimizatjiotan be de- modes and we calculate Alfaecontinua for 2048 surfaces.
veloped by calculating only a subset of the eigenvalues ofsolated tests have been made using a greater number of
the above equation&.g., only for lower frequencigsThe  equilibrium modes and have indicated no substantial change
numerical accuracy of the eigenvalues obtained from solvingn the results. This model can also be applied with only a
Eg. (1) has been evaluated by calculating the condition numsinglen=n, toroidal mode number present in the represen-
ber of the linear system. This represents the degree to whidation forE,, . This is effectively a tokamak limit in that only
errors in the original matrix elements are magnified in thethen=0 terms in the equilibrium will then contribute to the
process of computing eigenvalues. The condition number igatrix elements of Eq(8).
estimated here by taking the ratio of the largest eigenvalue to There are a number of different categories of Atfve
the smallest eigenvalue. Since the smallest eigenvalue witiaps that are of interest in stellarators. These gaps are formed
go to zero at rational surfaces, large condition numbers arehen the parallel wave numbers match between two oppo-
expected in these regions. In Fig. 1 we plot the conditiorsitely propagating shear Alfewaves whose toroidal and
number vs flux surface for the low aspect ratio quasi-poloidapoloidal mode numbers differ by spacings corresponding to
stellarator case discussed in the next section. Since theseodes that are present in the underlying equilibrium. This
calculations are all performed in double precision, conditioncondition can be expressed in a simple cylindrical model as:
numbers less that about ¥Ghould still provide greater than
3-4 significant figures in the final answers. Since no further
processing of these results is made, this is adequate for the
present purposes. We have found in earlier versions of this
calculation that attempted to use finite differencifwghich where n, m=toroidal and poloidal mode numbers
gives an inexact representation for the parallel gradient op-
erato) rather than the currently used Fourier representation, 9m, Sn=integer mode displacements
ill-conditioning was much more dominant and resulted in
badly distorted continua. It is also noted that close to rational
surfaces the introduction of other physic®., compressibil- +=rotational transformNy,=field periods.
ity, dissipative effects, kinetic effects, etemay moderate the
tendency towards ill-conditioning that is characteristic o

/N

max  min

100 |

K=A

107 |

1000

Imn= — kH,(m+ S, (n+ 8, Ngo)

or N—mi=—(n+ &Njp—Mi—Syt)

(can be positive or negatiye

¢Solving for the gap locatiofexpressed here in terms of the

ideal MHD. rotational transformand frequency, results in
We h.ave splved EqJ) for a variety of differ.ent stellar- 2n+6,Ng, vA| Smn— SymNg,
ator configurations. Due to the absence of toroidal symmetry, += 2mio, o=\ T omion

the toroidal mode numben, is no longer a good quantum
number; a range ofi's must be included in the representa- The Alfven couplings of interest can then be categorized as
tion for the Alfven eigenfunctionE, . However, since this is indicated in Table I. Further information and original refer-
a linear problem, the toroidal mode numbers that are of relences where these modes were identified can be found in
evance are limited to those that are displaced from the initiaRef. 9. Of these modes, only the HAE and MAE are unique
n by an integer times the number of field periods. We haveo stellarators. The HAE will generally be more common
adopted the mode selection convention here that the poloid&han the MAE for the configurations analyzed in this paper.
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TABLE |. Nomenclature and categories of Alivecoupling of interest for 150
stellarators.

Abbreviated name Name Sm

>
>

o

GAE Global Alfven eigenmode 0
TAE Toroidal Alfven eigenmode  +1
EAE Elliptical Alfvén eigenmode ~ *2
NAE Noncircular Alfven eigenmode | 5,,|=3
MAE Mirror Alfve n eigenmode 0
HAE Helical Alfvén eigenmode | 8,/=1

—
o
()

I+ 1+ o oo

I+ 1+
= F
M

(o)
(@)

Frequency (kHz)

Ill. APPLICATION OF sTELLGAP TO HIGH ASPECT 0
RATIO STELLARATORS 0.0 0.2 0.4 0.6 0.8 1.0

We first apply theSTELLGAP code to several discharges v/ Vimax
from the W7-AS(Wendelstein 7—Advanced Stellaratate- 50 ‘ ‘ —,
vice. Experimental results from these discharges have bee (b) cylindrical
previously publishetf and they are chosen to indicate the continuum i
rather significant range of Alfwecontinuum structures that axisymmetric ~
can be accessed even within a single stellarator through th (tokamak-limit) ; .
variation of its rotational transform profile. Contmuum =

We first consider very low shear profiles that lead to
simple Alfven continuum structures in which a single helic-
ity mode is dominant. At least for the lowest toroidal mode
numbers, this will preclude toroidally or helically coupled ;
gaps. The only Alfva gaps that remain are the global Alfve 10 3D stellarator
eigenmode gap&GAE) that occur below the minima of the FQIImyE
lowest Alfven continua and which are present even in cylin-

30 |

20

Frequency (kHz)

0 | | |

drical equilibria. These were some of the first energetic par- 0 0.2 0.4 0.6 0.8 1
ticle driven Alfven instabilities observed in stellarator -
configurationé. A tyical case where such modes have been Whp__ )

observed is W7-AS discharge #40173. Here the rotational
transform profile varied from around 0.35 at the magnetid~IG. 2. (a) Continuum gap structure for W7-AS low shear case #40173, and
axis to 0.34 at the edge. In Fig(ﬂ we plot the Alfvan (b) comparison pf the lowest frequenqy=;L continuum based on cylindri-

. . . . . . _cal, axisymmetric and stellarator equilibrium models.
continua for this case, using the toroidal/poloidal mode dis-
tribution: n=—9 (m=0 to 32, n=—6 (M=0 to 22,
n=—4 (m=0to 19, n=—1 (m=01to 10,n=1 (m=0to
10), n=4 (m=0 to 19, n=6 (m=0 to 22 andn=9 (m  for a frequency band of around 35-50 kHz. The rotational
=0 to 32. The central ion density was 660 m~3. As transform profile had relatively strong shear induced by the
may be seen, there is no coupling between the different topresence of a high bootstrap current that was compensated
oidal modes here that would lead to an HAE/MAE gap struc-by an externally driven inductive current. Transform and ion
ture. The lowesh=1 mode continuum, however, does have density profiles appropriate to this discharge have been used
a nonzero minimum due to the fact that the rational transin the continuum calculation. The transform varied from 0.11
form value of 0.33 was not present in the iota profile. Aifve at the magnetic axis to 0.34 at the edge. In Fitp),3the
frequency activity 16 kHz) was measurélislightly be-  Alfvén gap structure is displayed over the full cross section
low this minimum. In the adjacent Fig(l® we plot only this  based upon a toroidal/poloidal mode distributionnet —9
lowest ordern=1, m=3 continuum based on cylindrical, (m=0 to 150, n=-6 (m=0 to 55, n=-4 (m=0 to 50,
axisymmetric tokamak and stellarator equilibrium modelsn=—1 (m=0 to 20, n=1 (m=0 to 20, n=4 (m=0 to
As may seen, the tokamak and stellarator continua are quitg0), n=6 (m=0 to 55 andn=9 (m=0 to 150. The central
similar; this is due to the fact that the GAE continua are notion density was 3.8 10'° m~3. All of the lower frequency
produced directly by equilibrium couplindas are the TAE/ gaps in this figure are TAE gaps; i.e., they involve only
HAE modes, but rather by the existence of a nonzero mini-single toroidal mode number. Also, these gaps involve only
mum in the continuum curve. For this reason, they are not as,n modes with positive helicityi.e.,m>0 andn>0). The
sensitive to the form of the equilibrium model as the othernext several bands of gaps above these are EAE gaps which
Alfvén modes; this expectation motivated the toroidally sym-again involve single toroidal mode number couplings. In Fig.
metric models that were used in the earlier simulations of3(b) we zoom in on the region inside the rectangular box in
these GAE mode$: Fig. 3(@ where HAE/MAE couplings are present and use

The Alfven continuum structure is next calculated for varying linewidths to indicate the dominant toroidal mode
discharge 42 873; in this case Alivactivity was observél  numbers for each continua. As can be seen, at these higher
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FIG. 3. (a) Continuum gap structure for W7-AS case #42873, @maoom-

ing in on the region indicated by the boxed-in regiortan The continua are
labeled with the dominant toroidal mode number of g eigenfunction
and coded by line width.

FIG. 4. (a) Continuum gap structure for W7-AS case #43348, émdoom-

ing in on the region indicated by the boxed-in regiorian The continua are
labeled with the dominant toroidal mode number of &g eigenfunction
and coded by line width.

frequencies, there are clearly a variety of gaps present thatse is not intended to correspond to any particular LHD
involve Alfven couplings between different toroidal mode discharge, although various types of Alfvectivity have
numbers. been observed on this devitddere an ion density profile
The third W7-AS discharge we consider is #43348. Inthat varies as % (/ ¢/.4,0 has been assumed with a central
this case the rotational transform profile had a tokamak-likéon density of X 10°° m~2 and the ion species taken as
shear, varying from 0.39 in the center to 0.31 at the edge andeuterium. The rotational transform profile varies from 0.34
bands of burstlike Alfveic activity were observed at atthe magnetic axis to 1.37 at the plasma edge. In Ka). 5
~35-40 kHz, 50-60 kHz, 85-100 kHz, 130—150 kHz andwe plot the Alfven continua over the full radius based on a
210-240 kHz. In Fig. &) we plot the Alfven continua over  toroidal/poloidal mode distribution af=—11 (m=0 to 35,
the full radius based on a toroidal/poloidal mode distributionn=—-9 (m=0 to 32, n=—1 (m=0to 10, n=1 (m=0 to
of n=—9 (m=0 to 40, n=—6 (M=0 to 22, n=—4 (m 10), n=9 (m=0 to 32, andn=11 (m=0 to 35. The low-
=0 to 19, n=—1 (m=0 to 19, n=1 (m=0 to 15, n  est order gagrunning from about 50 kHz to>500 kHz at
=4 (m=0 to 19, n=6 (m=0 to 22 andn=9 (Mm=0 to  the edge is produced by TAE couplings and there are no
40). The central ion density was 2110°° m~3. Again, the  gaps that involve couplings between different toroidal mode
lower two gaps at~20 kHz and 50 kHz are TAE gaps, in- numbers until one looks at higher frequencies and near the
volving only poloidal couplings, at a fixed toroidal mode edge of the device. Such HAE/MAE gaps that couple differ-
number. However, as one goes to somewhat higher frequeent toroidal modes are shown in Figbh
cies, as shown in Fig.(8), couplings between continua of

different toroidal mode numbers begin inducing HAE/MAE IV. APPLICATION OF STELLGAP TO LOW ASPECT

gaps.
. RATIO STELLARATORS
We next give an example of the gap structure for the
LHD (Large Helical Devicgtorsatron to show how the gap Next, we calculate the continuum gap structure for sev-

structure changes for a higher field period stellarator. Thigral recently developed low aspect ratio stellarator designs.
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800 family are plotted with color coding used to indicate the

Iy

Y

V‘Wﬁ"\' w' " o-v

=0 to 35, andn=5 (m=0 to 50, n=7 (m=0 to 55, n
=9 (m=0 to 60, n=11 (m=0-70). Except for the lower
| continuum lines, most of the continuum gaps involve HAE/

O’O 0'2 O$/¢ 0‘6 0.8 1.0 MAE couplings(i.e., modes with differentn andn numbers

max are coupledl The presence of helically coupled gaps is evi-
denced by continua in Fig.(& that change color as one
follows them outward in flux. Such gaps generally occur at
lower frequencies and closer to the magnetic axis than for
either of the large aspect ratio W7-AS or LHD devices. The
open gap region that runs from about 20 to 100 kHz near the
magnetic axis(i.e., ¥/ ¥na=0) and then=11 gaps below
200 kHz involve predominantly only toroidal Alfvecou-
plings.

Next, in Fig. &b) the continuum gap structure is calcu-
lated for a compact configuratihthat has quasi-toroidal
symmetry. This device is known as the LI383 configuration
and was one of the previous reference configurations consid-
600 : ered for the proposed NCSX experiméhfThis configura-
0.65 0. ’70 0.75 0.80 0.85 tion has an aspect ratio #f=4.4 and 3 field periods. Quasi-

¢/¢m0x toroidal symmetry implies that thgB| spectrum in Boozer
coordinates is dominated by components with-0, n=0
FIG. 5. Continuum gap structure for=1 mode family in LHD, and(b) (i.e., toroidal symmetry
zooming in on the region indicated by the boxed-in regiofiain The con- Although|B| in Boozer coordinates for this device has a
tinua are labeled with the dominant toroidal mode number ofiheigen- symmetry that is close to that of a tokamak, the metric ele-
function and coded by line width. . .
ments do not possess this symmetry. As a result, the Alfve
continua are not the same as for the equivalent tokamak de-
Compact stellarators can have substantially different Aifve vice. Here we have used a toroidal/poloidal mode distribu-
continuum structures than high aspect ratio stellarators fotion of n=—8 (m=1 to 59, n=—7 (m=1 to 49,
two reasons. First, the low aspect ratio results in much strorm=—5 (m=1 to 39, n=—4 (m=1 to 30, n=-2 (m
ger couplings due to the significantly broader Fourier spectras 1 to 20, n=—1 (m=1 to 195, n=1 (m=0 to 15, n
of the equilibrium quantities than is the case for the high=2 (m=0 to 20, n=4 (m=0 to 30, n=5 (m=0 to 39,
aspect ratio configurations. Second, low aspect ratio devices=7 (m=0 to 45, n=8 (m=0 to 55. An ion density
generally are designed with fewer field periods than h|gh0r0flle that goes as&(wwed%g has been used with a cen-
aspect ratio device@typically the ratioRy/(a)Ny, is kept  tral ion density of 2 10°° m~3 and the ion species taken as
constant Since the stellarator toroidal mode families aredeuterium. The rotational transform profile varies from 0.4 at
separated byNj,, the number of field periods(i.e., the magnetic axis to 0.67 at the plasma edge. Again, HAE/
N==*ng, £Ny=Ng,, =Nne*+2Ny,, etc) low field period de-  MAE-like couplings(differentn) are clearly present except
vices have a more densely packed set of toroidal mode nunfer some of the lower frequency continua. The primary open
bers. This tends to induce helically induced Alfivgaps at gap that starts from-100 to 180 kHz near the magnetic axis
lower frequencies than is the case for the equivalent highefy/ ¥max=0) involves both helical and toroidal couplings.
aspect ratio devices. Also, more cross-linking between the
toroidal and helical gaps can be present.

We first calculate continua for a typical QRQuasi Po- V. CONCLUSIONS
loidal Stellaratoy device?? The equilibrium considered here A computational method has been developed for calcu-
was known as the gps1105 configuration and has an aspeating the 3D shear Alfve continuum for stellarators and
ratio of A=2.7 and 2 field periods. The QPS has been opti-applied over a range of aspect ratios and plasma boundary
mized so that it$B| spectrum in Boozer coordinates is domi- shapes. This calculation is carried out in Boozer
nated by poloidally symmetric components with=0, n coordinate® using equilibria generated by the VMET
#0. In Fig. a) the Alfven continua for then=1 mode code. Calculation of the Alfuecontinuum is the first step in

: v ( ’ \’ dominant toroidal mode number of the eigenfunction.
e . ’/ Here we have assumed an ion density profile that goes as
T 600+ “,, 1~ (4] heaqd > With a central ion density of X 107° m~2 and
= i !\ the ion species taken as deuterium. The rotational transform
> L V"I" profile varies from 0.19 at the magnetic axis to 0.27 at the
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addressing the stability of such modes in stellarators in thélfvén gaps that involve helical couplings generally occur at
presence of fast ion components. In the future, we expect thigher frequencies than the TAE gaps and often in the outer
extend the above methods to calculate the mode structure oégions of the plasma. For compact stellarators, the helical
the discrete modes lying in the continuum gaps and then tgaps are found at lower frequencies and are more strongly
examine their stability. It is also expected that a reducecross-linked with the TAE gaps. Also, for both of the com-
version of the model presented here can be used as a stellgpact stellarator examples presented here, at least one open
ator optimization target to search for configurations thatgap region has been present that persists across most of the
could suppress fast ion destabilized Alfvenodes through minor radius. A unique feature of low aspect ratio devices is
continuum damping effects. the larger width of this primaryi.e., lowest frequendygap

We find that while stellarators still possess a certainas compared to larger aspect ratio devices.
component of the TAE gap structures that are present in axi- Due to the more complex continuum structures and the
symmetric devices, they also contain a large number ofarger number of closely spaced Aliveggaps, it is expected
Alfvén gaps that involve helical couplings. In addition, stel-that a higher degree of temporal and spatial resolution will
larators offer a wider variation of continuum structures thanbe required to adequately analyze the destabilization and
is characteristic of tokamaks. These continua are more congdamping of these modes in stellarators than has been the case
plex in stellarators due to the presence of both poloidal andor tokamaks. Compact stellarators introduce strong equilib-
toroidal couplings. For large aspect ratio stellarators, theium couplings and closer spacing = Nj,) between adja-
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