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tThe linear stability of ion-temperature-gradient driven drift modes is investigated inthree-dimensional ITER-like 
on�guration. An advan
ed 
uid model is adopted and aneigenvalue equation is derived by using the ballooning mode formalism. The derivedeigenvalue equation is solved numeri
ally using standard shooting te
hnique and apply-ing WKB type boundary 
onditions. The growth rates of the most unstable modes andtheir eigenfun
tions are 
al
ulated and visualized. The results are 
orrelated with thegeometri
al e�e
ts su
h as lo
al magneti
 shear, normal 
urvature, geodesi
 
urvatureand magneti
 �eld strength.The magneti
 �eld 
on�guration and eigenvalue prob-lemThe ion-temperature-gradient (ITG) mode is 
onsidered to be the most promising
andidate for explaining anomalous transport in tokamak plasmas. It is therefore ofinterest to study the stability of this mode in order to limit energy 
on�nement in thefuture tokamak rea
tor ITER. In the present paper, the linear stability of the ITGmodes is studied in the three dimensional ITER-like geometry. The VMEC 
ode is usedto obtain the three-dimensional equilibrium.The magneti
 �eld 
an be expressed in terms of the Boozer 
oordinates (s; �; �) asB = r� �r = _ r� �rs; with _ � d =ds = Bo�a2=2q where � = � � q� is the�eld line label, � is the generalized toroidal angle, � is the generalized poloidal angle, qis the safety fa
tor, s = 2� = p is the normalized poloidal 
ux and serves as the radial
oordinate. Here 2� is the poloidal magneti
 
ux bounded by the magneti
 axis and = 
onstant surfa
e,  p = �Bo�a2=q is the total poloidal magneti
 
ux, where Bo isthe magneti
 �eld at the magneti
 axis, �a is the average minor radius. The �eld line
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urvature �(� ek �rek) 
an be expressed as:� = �npgssrs+ �gpgss  _ gssB ! (r�� ^rs); (1)where �n is the normal 
omponent and �g is the geodesi
 
omponent of the �eld line
urvature and are de�ned as, �n = � � bs; �g = � � bs�ek, where ek = B=B is a unit ve
toralong the magneti
 �eld, bs �rs=jrsj, ^ = gs�=gss is the lo
al magneti
 shear integratedalong the �eld line(ILMS) and gij =ri�rj is the dot produ
t of metri
 
oeÆ
ients of the
ux 
oordinates. The lo
al magneti
 shear[1℄ is de�ned as S = �bs� ek��r��bs� ek� =�ek �r� ^ :In this study, we have adopted an advan
ed 
uid model, whi
h is derived in theshort wavelength region taking Boltzmann distributed ele
trons and using ion 
ontinuity,energy and parallel momentum equations. The drift wave equation is redu
ed to aneigenvalue problem by applying ballooning mode formalism and WKB type assumptionsin the Boozer 
oordinates. The resulting eigenvalue equation 
an be written[2,3℄ asd2	d�2 �  2�JBa�nq �R _ !2 "(H�1 � a�n
d2 )
� (H�1 + ��B0B �2 �k̂? � k̂?�)
2#	 = 0; (2)where 
 = !=!�e, and 	 = H�,H = 1 + ��1 + ��1 [(2=3)
 + (�i � (2=3))℄
 + (5=6�) a�n
d : (3)Here, �n = Ln= �R, L�1n = �(d lnno=ds) bs �rsj�=0, � = (��a)�1 q�s0�S=��, and � 
ontrolsthe magnitude of the wave ve
tor k̂? de�ned ask̂? = �aq "r� � qr� �  � � �oq � �k! _qrs# ; (4)b = �2 k̂? � k̂?����=�0 ; (5)where �g � �a2gss=2q.ResultsIn tokamaks as one moves in the poloidal dire
tion the equilibrium quantities likemagneti
 �eld, normal and geodesi
 
urvature and lo
al magneti
 shear 
hange periodi-
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ally. Therefore, the spe
trum 
an also vary with the position of the mat
hing point onthe 
ux surfa
e. This variation is 
al
ulated in Fig. 1 by moving the mat
hing point �0,and �xing �0 = 0. Sin
e the growth rate has a maximum at �k = 0 (in our notation),�k is here rede�ned in su
h a way that it sets the radial mode number to zero at ea
hmat
hing point and the most unstable modes on the magneti
 surfa
e are pi
ked up.
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�0 along �0 = 0 lineFig. 1: Variation in the magneti
 �eld strength jBj, the normal 
urvature �n (dotted
urve), the geodesi
 
urvature �g (solid 
urve), the lo
al magneti
 shear S, and the nor-malized growth rate 
=!�e as a fun
tion of �0 for s = 0:4 (left) and s = 0:7 (right). Theother parameters are: b = 0:1, � = 1, �n = 0:1, �i = 3:0 and �k = 0.Two magneti
 
ux surfa
es, s=0.4 and s=0.7 are sele
ted for the study. The resultsin Fig. 1 demonstrates the most unstable modes on the two magneti
 surfa
es. Someeigenfun
tions are also shown as insets. The parameter values used are "n = 0:1, b =
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0:1; � = Ti0=Te0 = 1, and �i = 3:. The positive lo
al magneti
 shear is found to bedestabilizing at the magneti
 surfa
e, s=0, where global magneti
 shear (surfa
e averagedlo
al shear) is reverse. The e�e
t of the magneti
 
urvature on mode stability at thissurfa
e is week, even in some regions with large bad (negative) normal 
urvature, lowgrowth rate is observed. However, the eigenfun
tions are found to be extended at thereverse shear magneti
 surfa
e and are therefore more in
uen
ed by the average e�e
trather than the lo
al behaviour of the geometri
al quantities.For positive global magneti
 shear surfa
e, s=0.7, the eigenfun
tions are more lo
al-ized and are thus strongly a�e
ted by the lo
al geometri
al quantities. At this surfa
e,the growth rate has minimum values near the inboard (�0 = �, �0 = 0) where thenormal 
urvature is favourable (positive) and maximum values in the region where thenormal 
urvature is unfavourable. In the later region, the large value of the positiveLMS tneds to stabilize the mode. Further, the modes are more lo
alized in the region ofunfavourable 
urvature and week magneti
 �eld, while the envelope of the eigenfu
tionbe
omes broader as it enters the region of favourable 
urvature and strong magneti
 �eld.The main 
on
ern of the present work is to make a �rst attempt to investigate theITG modes and their 
orrelation with geometri
al e�e
ts in ITER-like geometry. Theresults have impli
ations on optimization of ITER design spe
i�
ally with respe
t tominimization of drift wave turbulen
e, while this is a 
onsiderable 
hallenge whi
h willrequire 
onsiderable work in the future.1. M. Nadeem, T. Ra�q, and M. Persson, Phys. Plasmas 8, 4375 (2001).2. J. Anderson, T. Ra�q, M. Nadeem, and M. Persson, Phys. Plasmas 9, 1629 (2002).3. T. Ra�q, R. Kleiber, M. Nadeem, and M. Persson, Phys. Plasmas 9, 4929 (2002).
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