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The temperature gradienty{ and »,) driven instability in the short wavelength reginjdxypi|

>1, is studied in a sheared slab. An analytical analysis is performed first to clarify the physics
mechanisms for the modes in a shearless slab. The correlation between the growth rate and the real
frequency of the modes is discussed in detail. The electron temperature gradient is found to have
strong influences on the modes in short wavelength regions. Several series of the short wavelength
modes are then identified with a kinetic integral equation code in a sheared slab. The radial widths
of the modes are found to be comparable with the conventignaiodes and not short, although

the poloidal wavelengths are short. The lowest odd mode usually dominates in the weak magnetic
shear and lovB regime. However, the fundamental mode seems to be important in tokamak plasmas
because the higher order modes are easily stabilized by fih@ad/or by magnetic shear. The
fundamental short wavelength mode cannot be stabilize@ mhen the magnetic gradient drift

effect is taken into account. The modes are excited by both fifitnd ., and may be stabilized

by magnetic shear. @003 American Institute of Physic§DOI: 10.1063/1.158371]2

I. INTRODUCTION temperature gradients in the short wavelength redipg;|

Understanding the anomalous transport in magnetically” 1 Was recently identified by Smolyaket a!.23 This mode
confined plasmas has been one of the major challenges f@foPagates in the ion diamagnetic directiom, £0) and
magnetic confinement fusion research for decades. It is nof€ems to be a continuous extension of the conventional
widely accepted that the anomalous transport is induced b{{Kypil~1) ITG mode. In fact, in an early study of the local
turbulent plasma fluctuations with small scales, the so-calledTG mode, Pu and Migliuof® had pointed out the “double-
microinstabilities' In particular, the temperature gradient humped” behavior, with one peak of the growth rate in the
(TG) driven instabilities are proposed as the plausible candiregime|kyp;| <1 and another peak in the regirfigp;|>1.
dates responsible for anomalous thermal transport and havéhis behavior was explained to be attributable to the non-
been studied extensively!! Recent experiments have monotonic behavior of the real frequency as the cross-field
shown that ion thermal diffusivity reduces to the neoclassicaWvavelength varies. So, the issue that needs to be clarified is
level in improved confinement tokamak plasm$® This  the relation between the “double-humped” behavior in Pu
transport reduction is explained by the model based on thand Migliuold®® and the new short wavelength mode dis-
EXB shear suppression effects on the ion temperature gradiussed by Smolyakogt al?3
ent(ITG) turbulence, since the measuré B shearing rate Hirose et al?® also indicate the existence of a tempera-
exceeds the maximum linear growth rate of the ITGture gradient driven mode in the short wavelength regime
mode*~®Also, nonlinear structures of zonal floWsand/or  using a kinetic electromagnetic integral code. The mode
streamer¥ are generated to regulate the turbulent transportpropagates in the ion diamagnetic direction and requires both
However, the electron transport is often still anomalous evetinite 7, and 7, for excitation. The study is performed in the
in discharges with an internal transport bari&iB). It was  toroidal geometry, but trapped electrons and toroidicity do
observed in the Joint European Torus that after the formatiofot seem essential for this mode. Therefore, it may be easier
of an ITB, long wavelength modes are suppressed, whilgy identify and to investigate the modes in more detail, e.g.,
short wavelength modes are f8tThe anomalous electron hether other unstable modes exist in the short wavelength
transport is possibly attributable to short wavelength modesegime, how the electron kinetics influences the mode, etc.,

The electron temperature gradiefTG) mode in the i 3 sheared slab.
electron diamagnetic directionw(>0) is unstable in the In this paper, we first confirm the explanation in Pu and
very short wavelength regimig pe~ 1. Therefore, numerous  \igliuolo?* for the short wavelength temperature gradient
studies ha\(/)ezg)een performed on the ETG InStabI|ItI§S IN "emodes. The growth rate hump in the short wavelength re-
cent year$’~?2 However, another unstable mode driven bygime in Pu and Migliuol8* is much slighter than that in
Smolyakovet al?® only due to differents, and k,. This
dElectronic mail: gaozhe@mail.tsinghua.edu.cn local short wavelength mode is just attributable to the Lan-

1070-664X/2003/10(7)/2831/9/$20.00 2831 © 2003 American Institute of Physics

Downloaded 22 Oct 2004 to 166.111.33.26. Redistribution subject to AIP license or copyright, see http://pop.aip.org/pop/copyright.jsp



2832 Phys. Plasmas, Vol. 10, No. 7, July 2003

dau damping/inverse Landau damping mechanism and the

Gao et al.

B

nonmonotonic behaviors of the real frequencies as the waveﬁz(k)—zj: 5b. ( f dk'f dxexpi(k’—k)x]
]

length varies. In addition, we also find that the electron ki-
netics strongly influences the properties of the mode in the
short wavelength regime. The mode displays various kinds
of behaviors for choice of differeny. It is stable in the
very short wavelength regingp.>1 whenz, is very small
(<1) or larger thany; .

The integral equation for the study of ITG modes in
arbitrary 8 plasma&’ is upgraded and employed for the non- .

local study of short wavelength modes in a sheared slab i

this work. We found other eigenmodes in the short wave-
length regime. For typical tokamak parameters the short
wavelength mode under consideration is separated from the
conventional ITG mode. However, whefi or 7. is in-
creased, the coupling between the short wavelength mode
and the conventional mode occurs. The coupling results in a
continuousk, spectrum from the long wavelength regime to
the short wavelength regime. Similar to what is found in
Hirose et al,?® the short wavelength modes require both fi-
nite »; and 7.. However, the magnetic shear stabilizes the
short wavelength modes, that is not shown in Hiresal®
The organization of this paper is as follows. The updated
integral equations are presented in Sec. Il. The local results
and analyses are described in Sec. Ill. The nonlocal results
are given in Sec. IV. Section V is devoted to conclusions.

IIl. ELECTROMAGNETIC INTEGRAL EQUATION
FORMALISM

We consider a sheared magnetic fieB=Bg[z(1
+x/Lg) +Y(x/Lg)], whereL s andLg are the scale lengths of
the magnetic shear and the magnetic gradient, respectively.
The static equilibrium in a highB plasma slab requires a
magnetic gradient, L,/Lg=2_; o(Bj/2)(1+ n;). Here,
Ly'=—(Un)dn/dx, p=dInTj/dinn, and B
=8mn;T;/B<. The equilibrium distributions for ions and
electrons ard o;=|n(Xg;)/(7¥%7) lexp(~vvf), whereu;
=\/2T](ng)/m], ng:X_vy/ij and Q]:_qJB/mJC
Three fluctuating scalar fields are introducepl; A (=A
-b), andA,(=(Ax@&,)-b), where all perturbed quantities
have the form P(r,t)=p(x)expiky—iot), p(x)
=1/\27[p(k)expkx)dk, & =k, /K, |, k, =k,§+kX, and

Here

Ute

x _L;(l,oilyo) $(K')+Lj(1,1,1,0A(k")
Utj 2

+L 1,0,%,1)A|(k’)H:o, )
_ ﬂ( : (K
(k) ; 2mb) fdk fdxexp[l(k K)X]
Ute ~ 1 ~
X —L]-(O,O,O,J)d)(k’)+Lj(0,1,—,1)A2(k’)
Utj 2
+ Lj(o,o,o,aA.(k')“ =0. ©)
L,-(m,n,s,l)=<|_q—?|j) fomdttsexp(—t)\]m(\/ijt)
’ w*i
XJn( \/th) —w—ijt K|j ) (4)
w ) ) 1
Koj= w_*j_l [§Z(&)]—n| &+ 5]‘5 §Z()
—n(t=1)[&Z(&)], )
Ky= g K A+(ﬂ—1)— (t—1) ®)
Y [y o Dy 7 '
ok
KZJ_W§jKlj : (7)

Wy j = (Ky T/ (QymiLy), wpj=—w4jla/Le,
w;2)e=477ne2/me, bj:kipf/Z, bj’:kizijIZ,
pi=vylQj, &=(w—opt)/[klvy,

ki=(XILoky, kf=ki+k? K[?=ki+k'2,

b=B/|B|. For the fluctuations withw<|€);| andk, A\g<1, Zi=—qjle, d=¢, A=iveAslc, A=—uvA/lc, and
we have derivetf the kinetic integral equations for arbitrary Z(&) is the plasma dispersion function.

B value. Replacing the quasineutrality condition with Pois-  We call Egs.(1)—(3) full 8 model as in the previous
son’s equation in the previous equatiGisye get work.2® When the coupling to the compressional Alfve
waves(CAWS) and the magnetic gradient effects are omitted,

2 2
P that is,A2=0 andLg—, we get the lows model.

L e

ZiTe
— 7 Pk + > =
2 (,()pe j T]

N 1
X K)+|=— dk’fdxex i(k'—k)x
|¢( ) ZW)J Hi( X Ill. LOCAL ANALYSIS
We first consider the local modes in the electrostatic
limit, that is, we takek=k’'=0, k,=const andB=0. The
Debye shielding effect)?/ w5, is also neglected. The sim-
(1) plified dispersion equation is the same as the electrostatic

limit of the dispersion equation in Smolyakex al.>

X

A , Utj 1 ~ ,
L;(0,0,0,0(k")+ ;Lj 0,1,5,0 As(k")
Utj - ,
+ ;Lj(0,0,0,:DA”(k )H =0,
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De+’TDi:0, (8)
where
T
1, PO%ip 0% @k
DJ 1 anthjF(bJH—[l Jw
x| 1 b(l I”” (b)) — z( ® ©)
: loj Pkpy "l Koy

and o) ;= w,[1- 7;(3/2— w? w{})]. When the quasifluid
assumptiony>|w|/k;=vy, is valid, we can neglect the
terms of order k*v3/w?) and order ©?/k?v?Z,) and get

Wy
Di=1-Toit+ — = (1= 7mie)lo

w (1)2
+int— exp( - ﬁ) Toidi, (10

kHvti kHUtj

(\Vbil2/k L) (iei—1)T g

Wy
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D:1+2wﬂ[1_7]_7]8]r +i771/2w |
e katZe e ece Oe knvte Oe%e >
(11
with
s=1- 2% ot (12
i 2 Ni€j 77|kﬁvﬁ )
Se=1- *e(l—%— n) (19
and
Ilj(bj)}
gi=bi|1- 14
J '{ l0;(D)) 14
For weakly growing modesy<w,, we obtain
(15

Koy 2—Tgi+2(me/my) (Vbil2/kL o) (@ 1K) (1= 7e— 7eee)

y 771/2

- [
Koi — (Vbi2/k L) (me— 1)l | K0

exp(—w—’z)r S ep s
kfuﬁ 0i ¢ m; Oe%e

Here, the assumptionr=1 and the relationw, j/kuy;
= yb;/2/k L, are used.

X . (16

The real frequency is nonmonotonic mostly because of

the nonomonotonic behavior bfe.

bej asbj varies, where is

a rational number. The maximum value of the real frequency,

(@ Ikyvti) max, Mostly depends omy; andk L, . The growth
rate y is principally decided by thew, in the form of
(o, Ik ) ™ exp(— w¥k?3). The initial rise in real frequency,
from below to above ¢, /kjvyj)., causes an increase
As w,/kp=(w,/kupy)e, a further increase in real fre-
quency will cause a decrease if. If (w,/Kv)max
<(w, Ikpy)., there is only one peak in the relationpf/sb;,
corresponding to the maximum frequency. 4f is large
enough, @, /K ) mac (@ /Kvy)e, there will be a “double-
hump” behavior in the spectrum afvsb; . The first peak in

the regimeb;<1 is called the conventional ITG mode. The
second peak is just the short wavelength ITG mode men-

tioned in Smolyakovet al>®> The mode frequency and
growth rate as functions df; are shown in Fig. 1 for differ-
ent »; values akL,=0.1 andn,=4.6. When the maximum
frequency decreases witf) , the y turns out to have a hump
once ad; varies. Smolyakoet al?3 also gave a similar plot,

but they explained it as the disappearance of the second peak

at low 7%; .
In fact, Pu and Migliuolé* pointed out the “double-

wave number used in the work is so much lardet,,
=0.2, that @, /Kjvt) max IS Very small. The other reason is
that the electron temperature gradient effect is not taken into
account, that isy.=0 is assumed in that work. We find that

>
&
=
ol ¥ EPRPUPTTIN UPTT | PO Py
0.01 0.1 1 10 b 100 1000 10000 100000
i
5 ol " hl i L il
>2
A
\t-
3
ad ad had aal ul anl. A
0.01 0.1 1 10 100 1000 10000 100000

FIG. 1. Normalized growth ratéa) and frequencyb) of the local modes as

hump” behe_‘Vior correctly. However, the sec_ond peak in theifynctions ofb, for 7,=2, 3, 3.5, 4.6, and 6, respectively. The other param-
results is slight and not clear. One reason is that the paralleters areg=0, m, /m,=1836,T./T;=1, k,L,=0.1, andz,=4.6.
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FIG. 3. The eigenvalues of the nonlocal modes kp.=0.1, 3=0,
m; /m,=1836,T./T;=1, Ls/L,,=0.025, andp,= n.=2. The letters, C and
S denote different series and the numbers denote different harmonic orders.

mr/ kllvti

If 7. is about 1, thed, is stabilizing in the smalb,
regime and destabilizing in the lardge, regime. So the
growth rate decreases first and then increasék axreases.
Since §; is constant at largé;, the growth rate reaches its
0T 0o 00010000 160000 minimum at certain value ofs,, namely 8., Where

i 35,19b,=0. Under the assumption df,<1, 8.~ \be(1

— 7el2— nebe), SO 98./Ibe=0 gives bey=(2— 7¢)/67,.
FIG. 2. The same as in Fig. 1 except that4.6 and7n.=0, 1, 2, 4.6, and e 7¢be) € € 9 em=( 7)/67¢

8, respectively, here. The solid lines denote the results from the model WittII:or Ne™ :_l'* the corr_espondmg)em 1S 0'16_7’ that IS;’bi
adiabatic electrons. ~300. It is well consistent with the numerical result.

When 7.>2, 5.<0, then the electron contribution is
always destabilizing. The growth rate is increased by both of
electron kinetics strongly influences the behavior of thethe ion and electron destabilizing effects wherfk vy > 1.
modes in the short wavelength regime. Thespectrum of ~ However, the real frequency decreasedasicreases. When
the modes is presented in Fig. 2 for differept. The abun-  the w/kv,; approaches to 1, the sign of in Eq. (12) re-
dant behaviors of the modes can be explained qualitativelwerses, that is, the ion response becomes stabilizing. More-
or even quantitatively from the following analytical analysesover, eXp6w2/kﬂ2vt2i)FOi5, is much larger than/m; /mel geSe
of Eqgs.(8)—(16). for w/kwy~1. Since the ion stabilizing effect becomes
If the electrons are adiabatic, the real frequency andlominant, the growth rate consequently decreases. So the
growth rate tend to certain constant values lipr-1. It is  second hump occurs arouna/kv,;~1. Strictly speaking,
because Iirgliﬁﬂo1"0i=(271-bi)*1’2 and lim, ...e=1/2.  the analysis based on the fluid assumption breaks down in
However, electrons become more effectivebasncreases. that case. However, we can roughly estimate a scaling law of
First, the electron Landau damping can directly influence thdi and 7, corresponding to these second peaks in Fig. 2.
growth rate in Eq(16). For w/kyv>1,b;>1 andb,<1,the That is,\bi(7e—1)=const. Whery, increases to very large
electron contribution to the growth ratgm;/mgloede is values, the second peak moves toward the long wavelength
comparable to the ion contribution expe?/kvi)[x 4. The  regime and then joins with the first peak. Whepis also
electron response may be stabilizing or destabilizing, demuch larger than 1, the real frequency and growth rate tend
pending on the sign of thé,. Moreover, a largey, tends to 10 be constant, sincel'giw,i/Kjvy=—Toewye/Kie

decrease the real frequency when the terrmg2;) =const. Consequently, the electron effects decrease the real
X (\V0i121K,L ) (@, IKv4i) ( 7o+ mege—1) is of the order of ~frequency to a very low level. Wit/kjv; <1, the disper-
unity. sion equation becomes

At a very smalln,(<0.4), the mode is unstable in the 0. o 3 v 3
regimeb,<1 and stable in the very short wavelength regime2 + %Fo{ 1- e —'( 1- > ne”
b.=1. Moreover, the second peak of the growth rate is =t
slightly smaller than the first peak, which is similar to the

e

results in Pu and Migliuolé* This is because, is always +i771/2k_:F0i(77i_ 7e)=0, (17

stabilizing for very small .. Also, a small 5, hardly I

changes the real frequency. The destabilizéhds constant then

in this parameter region. If the electron stabilizing effect is Ko 3 /3

stronger than the ion destabilizing effect, the mode is fully 2 _ "1 I (18)
i k To/ [27 27 7]

stabilized. Wi @xil oi Ute
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FIG. 4. Normalized growth rat@) and frequencyb) of the nonlocal modes
as functions ok p, for =0, m;/m,=1836,T./T;=1, L¢/L,=0.025, and
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Therefore, a largey.(> 7;) can fully stabilize the mode in
the very short wavelength regime bf>1. The analytic re-

sult is in good agreement with the numerical results shown in
Fig. 2.

IV. NONLOCAL ANALYSIS

In the nonlocal model, the parallel wave numbky,
=(x/Lg)ky, is related to the mode structure and the cross-
field wave numberk, = \/ky2+ k?, includes poloidal and ra-
dial components. Then, there may exist several distinctive
modes with different structures in different frequency re-
gions. In the long wavelength reginhbypi|sl, in fact, the
conventional ITG modes with different orders have been
identified and investigatet?”?2In this paper, we will iden-
tify a new series of short wavelength modes. For the nonlo-
cal mode, we only set thk,, whereas thek, spectrum is
determined by the solutions to the eigenmode equations. On
the other hand, a highy; is not needed to destabilize the
short wavelength mode, since the mode structure can be ad-
justed to makev/kjvy; large enough. In the following calcu-
lations, we choose the parameterg=2, n;=2, T./T;=1,

m; /me= 1836, L,/Ls=0.025, andk,p.=0.1, unless other-
wise stated. The ion and electron temperature gradient pa-
rameters employed are the usual ones seen in previous stud-
ies of conventional ITG modes®=2® The poloidal
wavelength employed is close to that in Hiroseal,?®

7= 1e=2. The solid, dashed, dotted, and dashed—dotted lines denote thﬁ/hel’e|kypi| =6.
S0, S1, CO, and C1 modes, respectively.

y 7T1/2

kg 2

—— Real part
Py i Imaginal

art
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3 Uti 3
(71— 7me) Eni_l+v_te(§77e_l) :
(19

Shown in Fig. 3 are the eigenvalues of the dispersion
equations fok,p.=0.1, i.e., SO, S1, CO, C1, and so on, in
the complex plane of the frequency normalizedutp, . The
letter, C or S, denotes a different series of the branch of the
modes. The even and odd numbers denote the even and odd
modes, respectively. The mode structure becomes more com-

FIG. 5. Mode structures of the 3@),
S1 (b), CO (c), and C1(d) modes for

kype=0.1. The parameters are the
same as in Fig. 3.
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FIG. 7. Normalized growth ratés) and frequencyb) as functions ofg, .
FIG. 6. Normalized growth rat) and frequencyb) as functions of. /L, solid lines: the SO mode from the fyll model; dashed lines: the S1 mode
for the SO(the solid lineg, S1(the dashed lings S2 (the dotted lines and from the full 8 model; dotted lines: the SO mode from the Iggvmodel;
S3 (the dashed—dotted linemodes, respectively. The other parameters are gashed—dotted lines: the S1 mode from the jgwodel. The other param-
the same as in Fig. 3. eters are the same as in Fig. 3.

netic shear regions, and that the S6 and S7 modes are almost

plicated as the number increases. The solutions with highealways stable.
frequencies, the C series, seem to be on the short wavelength From Fig. 6, we see that the S1 mode, the lowest odd
tail of the conventional ITG modes, e.g., the CO, C1, and C2node, is more easily stabilized by magnetic shear than the
are verified to be the conventional ITG modeskgt.=0.1 SO mode, although the S1 mode has a higher growth rate at
with the harmonic order numbér=0, 1, and 2, respectively. weak magnetic shear. The same is true for fiitstabiliza-
However, only the fundamental mode is unstable in the shortion. Shown in Fig. 7 are the frequencies and growth rates of
wavelength regime. The higher order modes are rather stablthe SO and S1 modes as functions@yf, obtained from the
The other solutions with lower frequencies, the S series, arw g and full 8 models. The S1 mode may be stabilized by
considered to be short wavelength modes. kKhepectra of  a finite g in both of the models. The fundamental mode
the lowest even and odd short wavelength modes are showrannot be stabilized bg when the magnetic gradient effect
in Fig. 4, along with those for the lowest even and odd con4s considered in the fulB model. Therefore, the S1 mode is
ventional ITG modes. The index CO, C1, SO, and S1 characmore unstable at low3 and weak magnetic shear regions
tering these modes are also marked in Fig. 4 and the corréhan the fundamental mode, while the latter is dominant in
sponding mode structures are shown in Fig. 5. The growthokamak-type plasmas where low shear regimes usually exist
rate of the unstable modes reaches the maximum value &t the interior with highB. A similar conclusion was reached
short wavelength regions. Although the wavelengths infor the conventional ITG modé$.
y-direction are short, the radial widths of the modes can be There is an obvious difference between the local and
comparable with those of the conventional ITG modes, andionlocal results. The frequency of the local mode is continu-
much larger than those of the ETG modes. ous ash; varies, while the conventional mode and the short

Similar with the conventional ITG mode, the higher or- wavelength mode are separated, as shown in Fig. 4. How-
der short wavelength mode is unstable only in case of vergver, the conventional and short wavelength modes couple to
weak magnetic shear. In other words, the higher order modeach other whem, increases. Figure 8 shows tkgspectra
is more easily stabilized by magnetic shear. The magnetiof the modes at a higher value of,(=4). The coupling
shear stabilization of the SO, S1, S2, and S3 modes amesults in a continuouk, spectrum with two humps in the
shown in Fig. 6. Not shown in the figure is that the highershort wavelength and long wavelength regimes, respectively.
order modes, S4 and S5, are unstable at much weaker maghe coupling also introduces another series with lower
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FIG. 9. Normalized growth rat@) and frequencyb) of the nonlocal modes
FIG. 8. Normalized growth rate) and frequencyb) of the nonlocal modes  as functions okyp, for 8.=0.001(the solid line, 0.005(the dashed lings
as functions okyp, for n,=4. The solid lines denote the dominant mode and 0.05(the dotted lines The weak-growing mode due to the coupling
and the lines with squares denote the other weak growing mode due to tHéetween the fundamental short wavelength mode and the conventional mode

coupling between the fundamental short wavelength mode and the conveffer 8.=0.001(the lines with squargssanishes ag@, increases.
tional mode.

quency on the shear parameter may be attributed to ion/
growth rate in the medium wavelength regime, which iselectron transit frequenciv,. However, the growth rate

shown in Fig. 8 by the lines with squares. increases first and decreases finally as the real frequency in-
When g increases, a similar coupling occurs. Shown increases.
Fig. 9 are thek, spectra forg.=0.001, 0.005, and 0.05, For short wavelength modes, the Debye shielding effect

respectively. FoB.=0.001, the series with lower frequency is usually important. For example, the Debye shielding has a
and higher growth rate in Fig. 9 may corresponds to thelear stabilization effect on the ETG motfeShown in Fig.
nonlocal toroidal mode at finite beta found by Hiraseal?®  11(b) is the Debye shielding effect on the short wavelength
Accompanying this dominant mode, a novel mode withmodes. The Debye shielding parameﬁeﬁ/wge with order
higher frequency and lower growth rate is unstable in thaunity can suppress the mode, especially in short wavelength
medium wavelength regime. This mode is fully suppressed ategions, but cannot fully stabilize the mode.

higher 8. So, there is only one continuous mode in hijgh
plasmas. This mode is just the same as the BighG mode

. . V. NCLUSION
we studied earlie?® CONCLUSIONS

Hirose et al?® indicates that both finitey; and 7, are In this paper, the short wavelength ion mode driven by
required for the excitation of the toroidal short wavelengthtemperature gradients is studied in a sheared slab. The local
mode. Here, the slab mode also requires finjteand 7, . short wavelength mode is attributable to the Landau

The normalized growth ratey/ w, ., VS 7, for fixed »; and  damping/inverse Landau damping mechanism and the non-
vl w, ¢ VS 7; for fixed 7, are shown in Figs. 1@ and 1@b), monotonic behaviors of the real frequency with wavelength
respectively. In Hiroset al.?® the magnetic shear has desta- variation. Wheny; is large enough, the growth rate has the
bilizing effects on the toroidal modes. However, in a slabhumps in both the long wavelength regifkgp;| <1 and the
configuration, a large enough magnetic shear stabilizes thehort wavelength regimié,p;|>1. The electron temperature
short wavelength modes, although the growth rates increaggadient strongly influences the properties of the modes in
with the shear parameter at very weak shear regions. It ithe short wavelength regions. The mode behaves differently
shown in Fig. 11a) that the stabilizing effect of magnetic for different electron temperature gradient. The mode is
shear is also effective at finit@. The real frequency in- stable in the very short wavelength regikg.=1 for 7,
creases with the magnetic shear. This dependence of the frealue very small(<1) or larger thany; only.
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From the integral eigenmode equations, we have also
identified a series of eigenmodes in the short wavelength
regime. Although the lowest odd mode has a higher growth
rate in low B8 and weak magnetic shear regions, the funda-
mental mode, i.e., the lowest even mode, seems to be impor-
tant in tokamak-type plasmas. The fundamental mode cannot
be stabilized byg, but can be stabilized by magnetic shear.
However, the higher order modes are easily stabilized by
magnetic shear and by fini{g¢ The short wavelength mode
is separate from the conventional ITG mode in some param-
eter regimes. However, the coupling occurs between these
two series when thg8 or 7, increases. Then the dominant
mode has a continuolks spectrum from long wavelength to
short wavelength regions, which is similar to the short wave-
length mode in the toroidal geometry. Although the poloidal
wavelength is short, the radial width of the mode is found to
be comparable with that of the conventional ITG mode and
much larger than that of the ETG mode. Bathand 7, over
the threshold are required for the excitation of unstable
modes. The Debye shielding effect can compress the mode
but cannot fully stabilize the mode.
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