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Kinetic Analysis of Zonal Flows
Zonal Flow and GAM Oscillations
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National Institute for Fusion Science, Toki 509-5292, Japan
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This article introduces the fundamental principles governing zonal flows for researchers who are engaged in
experiments. The mechanism of the Geodesic Acoustic Mode (GAM) is first introduced for a simple tokamak hav-
ing a circular cross section. The theoretical basis of which was described a rather long time ago. The theory is then
extended to include helical systems based on the perspective that the geodesic curvature of the confining magnetic
field plays an essential role. It is found that a short connection length in helical systems lends GAM oscillations dif-
ferent features from those in tokamaks. Special attention is paid to the low frequency range and a new branch is
analyzed, which is referred to in this article as low frequency GAM. The zonal flow in the lowest frequency range
is known as stationary zonal flow and known to have weak damping. Finally, an attempt is made to unify the theo-

ries of these two different frequency ranges.
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Fig. 1 Theillustration of GAM oscillation in a simple tokamak.
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Fig. 2 lllustration of a single helicity helical system, which is
most easily realized as a straight helical system. A flux
surface is shown for a supposed M=2,N=10 helical sys-
tem for one toroidal pitch (0 < {< 2 7/N ). The pressure
increment and decrement occur along the lines M0 -
N ¢ =2] 7+ 7/2, where the geodesic curvature is large.
Itis also seen thatthe connection length is shortin a heli-
cal system.
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Fig.3 Thecomparison of the three Z-functions Z(geo, 1), Z(geo,2) and Z,, defined by Eq.(14) Eq.(15) and Eq.(16), respectively. Z(geo,1)
is an increasing function of { in the visinity of { = 0 revealing the unique response of ions due to the kinetic weighs in their drift

motions.
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m,n

Fig. 4 Thepolarization currentandthe geodesiccurrentversus
¢ m,n, the oscillation frequencies of GAM are given where
they agree. The calculation was made for a simple toka-
mak configuration. In this figure, two such frequencies
are found: one at { mn = 0.7 and the other at { m,n = 3.5.
The larger solution is the one we found in the previous
paper and the smaller solution is new. The new solution
appears due to the reversed geodesic current in the low

frequency range.

Fru (Emn ) =2 (21)

iRy O L2tmn&mnZgeoz (Emn )]
ZEC, Zgeor WI—HT Y Y w M ()= B0 () AR
SR, Do S DR Y — L AR LT
HIND., 72, RFVI vy VORY—LRES 6—(4)
=@ sinf IFEITEFRLT 2mn ZHOTRO LI IR T S
EHRTES.

~§: Tji k o1 >; m-ﬂZ‘ mn,i p 22
¢‘ UI'< (/}wc,O kH,m,nUT,i “x 2(§ ” )¢() ( )
Z 2,
1
a:a(¢):ﬁ27t8()(m35+n30)5,7,,,1(gb)

_ (mBZ‘F%Bg)

= ZKWBOSMJZ (‘/’) (23)
Thb.

—MRIZGAMIRB X R 5 v Yy VIEBICE L T
(mmn)=(0,0) LHBEINTWEA, (21) % HAERY IR
T3 EARE MNP EROWEILND I EIRENED
T, EBRIG TN ERA L2805, T/,
De=0 & LTHOLNE4HRIE, EEFHEA 4 v FEOA
F v BLOBTFHEOGHRIHMZ S 2w, FiZ, CHS
T EDEBREMTIE TIT, > 1 DSji7- s Tw b O THR
GBI DI EPHESNS., EFICHKESHL LA
ThHhoHH, TNTFNOFRICTHATHLILICLT,
DT oEmIiZIh s oBHE» 5 82 &3 72
DI xunbun ~ —ZTel Ty & BWTHE S5 T 5Bt

1

Fon = 72.]67
1 \I,m.nUT

Zoeor (G )+’7ﬁzgeo,2 (Emn)| (24)

Zonal Flow and GAM Oscillations

1001

T. Watari
T /T =10,7M=2, N=8 (a)
0 _— € 1
N
BT B N
§0 N """ Tokamak
— : ==== Helical
220 N X —Mixed
g N el
N
-30 1 X
N
-40 i i N
0 10 20 30 40
Cm,n
(b)
T /T =10,1n=3, N=8
0 - 1e i
N\ ‘3___-----""
10 \".‘L
=10} ) ‘ SRRSO SR _
§D [\‘\3 """ Tollmmlak
- ‘.‘ \N — He. ical
—_ - . —Mixed
& 20 I \hy-—j_pol
N\
B0 —
\
-40 N
0 10 C20 30 40

Fig.5 Determination of the GAM frequencies in toroidal stel-
larators. The GAM frequencies are determined as the fre-
quency where jpo| Crosses jgeo : 7 =2 and? =3 in Fig. 3(a)
and Fig. 3(b), respectively. Other parameters are the
same: Te/T; =10and (M,N) =(2,8). For geometric factor
;7 > 3,the GAM jumps into helical type GAM.
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