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A new transport model of OH-plasmas is proposed. It can well interpret the
so-called “Profile Consistency” and makes clear the other impertant transport issues.
The transport treated in this model consists of the contribution from the skin-depth
type of electromagnetic turbulence in the inner region and electrostatic drift wave
turbulence in the outer plasma with neoclassical ion contribution. over the whole area.

In a low density regime the central core is dominated by both the electromagnetic
turbulence and the neoclassical ion contribution while the transport of the outer
plasma is replaced by the electrostatic drift wave turbulence. In a high density
regime, on the other hand, the electromagnetic turbulence region is confined into a
narrow region near the axis and almost all the other region is dominated by the
neoclassical ion contribution and the electrostatic drift wave turbulence. As a result,
this model follows the Neo-Alcator scaling i.e., density-proportional in a low density
regime and density-saturated in a high density regime. The critical £-value (B°%)

separating these two regions is presented.
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1. Introduction

As well known, OH-plasmas have a strong constraint on the electron
temperature (T,) profile, the so called “Profile Consistency” ' ghich tells
that T,-profile is resilient to the change of plasma parameters and can be

written as follows;

1

T,(x) =T,(0)e . ' (1)
where x=r/a, and

2 g
=~ 4. 2)
3 q (

[2 N

where the notations cbey the usual usage. An important point is that the
profile obeys a Gaussian form and the parameter (g .) is a function of only
(q./4.), though the latter relation is not sc important because we can easily

obtain the relation of Eq.{2) from the relation of

I, = des (3)
with Eq.(1) if we permit that the plasma current density obeys the Spizer-Hirm

3 , .
conductivity and the approximation of exp {(— < Qs Y} €3, which is

easily satisfied in the usual experimental condition of 3£4q,/9.,=7, 1is
assumed. Thus the key point is Eq.(1). Why does a Gaussian profile emerge over
the wide range of parameter changes? There must be some hidden principles
leading to Eq(1). Of course, the functional form may not be exactly a Gaussian
one that governs the transport, since & Gaussian form was just obtained from
the experimental experiences, but it requires a similar form te a Gaussian.
flready we have had several works *~%' trying tec interpret the “Profile
Consistency™. Those are mostly related to the Free Energy Minimum Principle

from which the current density profile (J) is deduced as follicws,

J(x)~ 10) i (1)

[ 1+—(q‘ -1 ) sz

Q3

which may be interpreted to be equivalent with Eq (1), though this form is

not completely the same as Eq.{1). Those works, hcwever, despite of its

— 1 -
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beautiful deduction, never tell us the specific form of heat diffusivity that
governs the tokamak transpert. If we obey the self-organizing process theory

claimed by Kadomtsev ¢, the transport may be nonlinearly self-organized and
choose the specific type of turbulences in order to make the free energy
minimized in accord with the specific plasma parameters. Even though this type
of general principle may be imposed on the tokamak turbulence, we eagerly want
to define the specific form of heat diffusivity in each case of a specific set
of plasma parameters because it will tell us the type of tufbulence and its
parameter dependence and it gives us the tool to control the confinement. Thus,
in this article, we take a different approach which makes us directly pursue
the heat diffusivity that enables the T.-profile take a form of Eq.(1). In

the next section, we begin the discussions with presenting the plausible
candidates cf heat diffusivity and determine the specific form of diffusivity
which satisfies the various aspects of “Profile Consistency”. In the last

section, coneluding remarks are given.
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2. Motivation and Presentation of Model

As Coppi "' pointed out that the electromagnetic.type of turbulence in
which the skin-depth’ (c/w“}'—plajs an important role is suitable for the change
of plasma denaity, we take the electr-'émagnet.ic type of turbulence the most
promising candidate. This type of turbulence was first proposed by Ohkawa &

who showed the heat diffusivity {(y.) written to be

c? v
s v (5)
x wi, qR

where the notation obeys the usual usage. Ever since, this type of turbulence

has been vigorously studied 7~'3 and the diffusivity was fixed into the form of

2
Xa ™ Cz N i Eaa ' (6)
Woe qR

where g =r/R. The parameter g, is around 1 ~2, and differs a little
according to the authors. Here we take @ ,=1 as the first try becasue it fits
best numerically in the experimental parameters and the case of g (=2 is toc
small to explain experimental data.

In the first place, we study the simplest electron transport equation;

1 d 4T,

— =JE . (7)
r dr (—rmex. dr }

This equation neglects the electron-icn exchange ternm (Q,;) which is important
in OH-plasma transport. But, for the time being, we take into no account of it
in order to make the situaton as simple as pessible.. Then, Eq.(7) can be

solved, with use of Eg.{5), quite easily to be

3,2

(Te/Teo) =I—BK L . V (8)

where x=r/a , and

2‘[3?_ m,'”? ERaB
a, T80
wgﬂ La Laso
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This equation represents a simple straight lire of (T,/T.,)*7? against the
normalized radius x. and J is a constant, depending on the plasma paramekters
(E, R, a, B), and the boundary value of electron

temperature (T,,). But this result is disappointing in a sense since it much
differs from the Gaussian profile, and the gradient at x =0 (T,” at x=0)

is not zero which means that T, is not smooth at x=0. Despite of these
defects, however, we sﬁéy arcund Eq.ié) for the time being since it enables
Eq.(7) integrable. The key point of the integrabilty is the term of “gqR" in
the denominator of Eg.(6), combined with the part of (C*/ew?l,) for the
elimnination of density depéhdence. Then, the type of Eg.(6), whatever value

a ., takes (but we assume g ,=0), can be easily integrated. The condition
that the gradient at x=0 be zero requires g,<?. This; however, centradicts
the requirement of 1< g ,<2. *~!%- Therefore, we temporarily return to

the original form of heat diffusivity proposed by Chkawa %, Eg (5}, adding

the constant parameter ({\).

c? V,
Xao ™ * 1\ . (10)
Wi qR

With use of Eg.(10), we integrate Eq.{7) to obtain

(Te/T=D)3/2:1_ B
2a

x? - (1)

where

a= A A . (12)

This form satisfies the condition of T,” {x=0)=0, But it tends to differ

from a Gaussian form with increasing a radial position. Moreover if we choose

A~1, its thermal conductivity is a little larger than tﬁe experimentally

estimated value which tells that the preferable order of A is 0(107!'}~0(107%).
Here, we are betrayed by both of Eq {6), which matches the ordering of ¥.

but not good at x=0 with T,” 0, and Eq (10}, which matches well with

T.” (ab x=0)=0 but differs in the ordering. Moreover, both have different

forms from a Gaussian. Despite of these obstacles, the author cannot easily

discard the form of Eq (6), becasuse of the great merit of the integrability.

Thus, we investigate the form of Eq (6), disregarding the physical consideration

for the time being. In the first place we consider the combinaticn of Egs.

_4_
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(6) and (10) with the expectation of each merit of each form preserved. Then

we solve Egs.(7) with the heat diffusivity of

c v,
Xa ™ 7 * qR (E'{"‘A) (13)

to obtain easily

372 e
(T./Tee)  =1-8 (x —a log(1+ —= )} (14)

This profile is presented in Fig.1 which tells that the gradient at x=0 is
zerc and the profile is similar with Eq.(11) near x~Q and gradually tends to
the straight line of Eqg.(8) as the radial position increases. The profile
looks more like a Gaussian than.the other twe (Egs.(8) and (11)). But near the
edge (x~1), the dissimilarity enlarges, because the gradient of a Gaussian
gradually decreases to zero beyond a certain value of x while Eq.(1%) keeps
the finite gradient of 3. But except for the edge regionm, similarity is
satisfactory in a qualitative sense. Then we proceed to the Quantitaive
study. At first we investigate the region near the axis (x—vo}. At x<§1, a

Gaussian of Eq.(1) can be approximated to be

~2 3

3
(Ta/Teu) =1— T a e xz L] (15)

while Eq.{14) can be approximated toc be Eq.(11) near the axis. The two

equations have the same Torm completely and if we assume the relaticn of

3 8
= i~ 16
2 at 2a f ( )

both equatiens coincide with each other. But the condition of Eq.(16) cannct
be analysed any mere unless the physical background of A, which'is introduced
temporarily, is made clear. Therefore, we return to the meaning of A.

We start with the examination of electron transport equation (7).

To be more exact, we add an electrn-icn energy exchange term (Q.:).

0 Ve To(1— ﬂ%—) i (_17)

— 5 =
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The resultant equation is

1 d dT
- — Y =JE—Q,; - 18
(—rn.x. " b Q (18)

r dr

As Eq.(17) includes ion temperature (T;), we have to solve the ion

transport equation simultanecusly;

1 d dT,
—_—r o =0 . . 1
{(—rn; v; i ) =Q,; (19)

r  dr

In these two equations (18) and (19), two new terms ( x .., Q.:) appear.
The Q,; term is a little difficult to treat since it contains the term of
(1-T,;/T,) which is proportional tc the difference between T, and T;. If T,
is nearly equal to T, (this often occurs in the high density regime}, this term
becomes nearly zero, while the cther term of n, v, in Eq.{17) becomes very
large in the high density regime, (proportional to the square of density). There-
fore the Q,, cannot be estimated easily. Next we consider on yx; It is evident
in the present situation that we should take two kinds of the contribution
of ion heat diffusivity, one of which is the contributicn from the
electromagnetic turbulence corresponding tec Eq.(€) of electron side (™).
The other one is the contribution from neoclassical Coulomb Cellision ( xY°°)
{the neoclassical y, can be neglected for its smallness). With regard to x{¥
we have no exact knowledge and there have not been any papers treating x;
with an equal footing with electron side. But if we take into

account some works!? ® 19 concerning to the ion contribution to this type of

turbulence, we can write x {™ in the fcllowing manners,

ct V. x
it —any o~ i : ° 20
X a lx Qi wzg qR 13 ( )

where ¢ ,, is introduced as an ion factor assuming the order of 0{1). As for
¥ ¥°°, we only consult with one of many works to adopt a compiete plateau x ;

for its simplicity (later we add the effect of ccllisions),

,02i Vi

21
= q - (21)

x-‘j‘eo —
Thus, we may have a resultant y . as follows ;

— 6 —
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Xi o~ e

c? v o '
—~ . . 'S ivi , 22)
@i T A e+ —g— 4 {

where g, Is taken to be unity. As for Eq.{22) the basic question should be
noticed here whether the addition of turbulent x !™ and neoclassical x¥¢° can
be justified. Additionimay be right if the interaction between Coulomb
collision and turbulent collision is too small to preduce a cross-term like_

¥ $™Nee Byt the problem should be censidered on the rigid theoretical basis
when the nonlinear turbulence behavior is fully made clear. In this article,
therefore, we adopt Eq.(22) which seems a pricri natural. Then we return to
Egs.(18) and (19) to solve. These twc equatins, however, have two unknowns
(T. and T,) and a delicate term (Q,;). We eliminate Q,;, by adding the

two equations to obtain

1 d dT dT;
- . : . ‘ =JE . 23
” & o e —¢ mrranB i (23)
For the preference of simplicity, we assume
Ti ere r (2“)

where ¢ is assumed independent of the radial position in order tc cbtain an
approximate T.-profile for the first place. After these preparations, Eq.(23)

becomes electron transport equation of

1 d dr,

. . v =JE , 25
. ™ (rn{y.+7 %) ar ] (23)

wnere

+ — | c? '
X e Tx: =\1+1Tan o2 &

ve

2C
£+ 7372 Dqu. (26)

With the use of the relation of

—Yer — /3, i (27)
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we can rewrite the second term of Eq.(26} as

2 2
5oz P G — 52 ¢ Ve 2 H
T e S . . (28).
R d t Cl)pi qR (6 a a )
Equation (26) can be rewritten tec te
c? v,
¥e +rxi =00+7a:) 7 . {e+ A, (29)
Woa qR
where
7572 M
A= ———— B, ¢ . (30)
1+7a;, 4 M,

Rqs.(25) and (29) have the completely same form with Egs.(7) and (13)
whose solution we alréady have for A =constant. In the case of £gs.{25) and
(29), the condition of A ;=constant depends on the term (8.q?) in Eq.(30).
Fortunately, the relaticn of f§.q*®=constant holds in the natural current profile
theory 2=% of Kadomtsev *', although this relation is only justified when the
total energy is determined by the magnetic and thermal stored energies. Moreover,
reflecting upon the usual experimental results, we see that §, is a decreasing
function of x and q? an increasing functicn so that the multiplied (Beqzj is
expected to be a very weak function of x. However, near the edge region where
the cther energy scurces and sinks exist it cannot be applied.Therefore,
we can regard A, a constant in the inner

. 1 2
region (XST ~ 5 ).

Thus, the physical background of A in Eq.(13) 1is the contribution from a
neoclassical ion diffusivity (but this conclusion is to be modified afterwards).
The numerical order suggested by Eg.{30) is, though it depends on J.-value,
0(1071)~0(107?) in usual experimental conditions. This agrees well with ‘the
aforementioned implication. Then at this point, we can evaluate Eg.(16).

We rewrite § of Eq.(9), where we attach here the factor {1+ 7 :,) in the
denominator in accord with Eq.(29), using only the universal relations, te

obtain
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a’ Vol _Jadds T.olo
B-__ 7 . R R . . 3 . -
C.oD:oQu _3_. nT v Juﬂ'r T.q
R 2 °
R N S YR L) B g P S ¢ 1)
a Qe i m, 8 :

where V, is the one-turn voltage, V is the plasma volume, and the suffix LT

means the value at x=0. Therefore, with use of a =(R/a) A, and Eq.(30),

we cbtain
B _ a? V.1, [,JdS  Teolo
2a C..oZ ) R T,
a 372 10 01090 i T, v n q
R 2
@ ) ® @
9 Ja
- 32
16 do ( )

©® ©

where the term (©) represents a?/y (x=0) which can be~ ¢z and the second
term (@ is evidently~ 7 ! from the definition and the terms@~® are nearly
unity. Therefore Eq.(32) can be order of the last term (B which means

(3/2) a.

g Q. -3
~ L~ = - 33)
2a qn R 2 at (

Although this estimation cannot present an exact proof of Eq.(16) since
the terms (D, @, @, @, and &) is order 0(1), namely the same order with
9./9., the order of { /24 ) is found consistent with the order of (q./9c)-

To sum up the arguments here, we can say that if we set T,=1zT,,
the ion and electron transport equations merge intc the same form with Eq.(7) cf
electron transport, and with ien heat diffusivity (x ;) from the electromagnetic
turbulence and the neoclassical coulomb collision, we have the same profile of
Eq.(14). This result is very interesting. Then we proceed to examine the ion
transport in which wé must consider Q,,. The left hand side of ion transport
Eq.(19) is, with account of Eq.(22), substantially the same with that of electron
transpert £q.(7). But the right hand sides of Eqs.(19) and (7} are utterly
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different. Therefore, we have to examine the behavior of Q,; in the right hand
side of £q.{19). When taking out the important factors in Q,; we can write Q,;

as

ns

T L2 (1—T|/TB) i (3“)

Qsi o

where we extract the dependences of n, and T, in v .. In this relation, a
strong dependence of n,(square of n,) is contained. Therefore we need to

investigate the particle transport which determines the density profile

1 d
T & G0 =S (39)

where T is a particle flux and S, is a particle source.

1 2
If we limit our discussions in the inner regicn of plasma (x:é-a— ~3 )

we can approximate as S,~0 which is easily conceivable in the usual

OK-experiments. On this account, Eq.(35) can easily reach the relation of
r ~0, (36)

which means that the outward flow ([ ,..) must be equilibrating with the

inward flow (T ;,), namely,

r::rout _'rinﬁ"o' (37)

Therefore, if we define [,,, with a diffusion coefficient (D) and the density

gradient, as often dene, by

Foer =—D D (38)
dr

then we must consider the balanced inward flux whose existence is very important
as pointed out by Coppi !'. He and his co-worker proposed '7’ the inward flow
resulting from ion-temperature gradient and many other workers ‘8) proposed

several types of the inward flow. Neglecting the necclassical Ware pinch
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effect (which is too small in our situation considered here), we assume that
the inward flux is proportional to electron temperature gradient, and can be

written to be

‘ n, dT, : '
Fin=—68D - T o (39)

where § is assumed a positive constant. We should have taken into account the
‘contribution from ion temperature gradient and some other contribution from
turbulences. But those are still open questions now, thus it should be rather
regarded in Eq.(39) that those unknown elements are all packed into & . The
assumption of § =—constant may be too bold to take. Thus we limit our
discussions in a qualitative sense for obtaining only a crude physical

prospect. Cn these assumptins, we obtain the relation at once,

n, = T. ) (40)

nao 80

Then we return to the relation of (34). With use of Eq.(40), Q.; becomes

0 1.7 T (1- 1) (u1)
When & =1 {(which means n, « T, ), the right hand side is proportional
to Te3/? and, if a thermal conductivity cbeys Spitzer-Hirm relation, this
term (Q.;) substancially has a same parameter dependence_with JE. This means
Eq.{19) has a same structure with Eq.(7). Upon this point, we recall “Profile

Consistency" on density claimed by Coppi '), who says that when n, is low,

the density profile beccmes flat and behaves like n, o T;ﬁ {(6<1), and as
n. becomes higher, the profile changes tc a similar form with

T.-profile, that is, n, o« T, (which correspcnds to §=1). With regard tc
T,-profile, ‘profile consistency" never gives any mentions, and cur arguments

developed above cannot be moved ahead any more because of the intricacy of Q..
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Here we reconsider the several assumptions adopted so far. In the the
first place, the assumption of T;= T, is only employed for the
simplicity of modelling and this assumption does not contradict with the actual
experimental results. But it is not needed in the numerical calculations !® .
Second, we neglect the various loss éérms (radiation, ionization, charge
exchange etc.) in the transport equations. This corresponds to that those terms
are assumed much smaller than JE or Q,; in OH-plasmas. This situation also
does not contradict with actual experimental results. Those are also to be
included in the numerical caculaticns '® . In the third place, the assumpticn
of a complete plateau is adopted for the neoclassical ion heat diffusivity. If
we take into account the collision effect in x 7°°, we add into Eq.{21)} the

factor K; p.; in the following manners,

2, .
x’-f” -~ szti ______'Oél": q {82)

where p.; 1s an effective icon collisionality and K, is a numerical coefficient
introduced by Hinton and Hazeltine '® and modified by Chang and Hinton %% later.

This factor is order of 0(1) but changes relatively largely near the axis
in the usual plasma parameters. Therefore, we should rewrite Eq.(3C) as

follows ;

A A o/ ! (13)
i prap s Vai Sl .

and it cannct be treated a constant near the axis. In this case, however, with

taking into account that X, v ,.; is a decreasing function near the axis and

¢ 1s an increasing function, we can redefineA; to be

;M
Ai:rai15+Kgytif5/260qz m (‘u‘u)

which can be a weak function of x. And (y .+ 7 x ) is also modified to be

ok v,
Xe YT X1 = — (e +A) (u5)
Woa qR

where A; is Eq.(ul).
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In the fourth place, we assumed that the energy flow is conductive and
neglected the convective contribution T,[ or T; ", It should be justified
when we consider only the inner region where[ ~0 is assured in the usual
situations. But in the outer regicn, our model should be also modified not only
by this [ -effect, but.some other effécta resulting from the changes of plasma

parameters.

Then let's enter in the discussions on the outer region. Our profile
suggested by the model is shown in Fig.1, only dissimlar with a Gaussian in the
outer region. Is the electromagnetic turbulence still dominant in the outer
region? It is not, because the condition of ky i, >1 (k,: a wave number
along the magnetic field, 1. : electron mean free path) for the electromagnetic
turbulence, is not satisfied in the outer region in case of usual plasma
parameters. In case of k 3 A, <1, the main turbulence is
replaced by the electrostatic type of turbulence, i.e. drift wave type
turbulence is most conceivable. As a representative of this type of turbulence,
we take the dissipative drift wave turbulence which is most plausible and has a
large effect. The author *!- 2% has already proposed the form of the diffusion

coefficient (D) of this.type of turbulence ;

2 _—_—
DIC! RRe+Bu (u6)

where B, is a numerical factor around 0~0.5 and R, is introduced as a

turbulence factor and written Lo be

C, v, q’R?
: Jv? %2 (L7)

R, ~ <kap,>‘1

in case of a dissipative drift wave turbulence. Tnis type of diffusion
coefficient is an inereasing function of x in the usual plasma parameters, that
is, negligibly small in the inner region and grows swiftly larger as the radial
position cemes nearer the edge. This fact implies that the gradient of Tem
profile flattens more than the one shown in Fig.1 in the outer region and the

profile becomes resembling with a Gaussian in the entire region since the



JAERI—Research 94 —037

difference between the form of Eq.(14} and a Gaussian in the outer region can

be easily fulfilled by the addition of a large x, in the outer region in the
energy transport equation of Eq.(7). But in the outer region, we should take inte
account the other various effects such as ionization loss, radiation loss, or
convective loss, sincerﬁhe main term-éf JE itself becomes small and some other
effects cannot be neglected relatively. Thus any more qualitative analysis
cannot be done in case of the near-edge region. Therefore the numerical
calculation should be done. In this article, in order to limit the purpose only
to ascertain the justificalion of the model, the situation is set to be as
simple as possible. Thus we consider only electron energy transport and
particle transport, neglecting ion transport by assuming T;= 17T, and solve

Eq.{35) and the folowing equations,

1 d
— {rQ,) =JE—Q.;—Wp—W,; (u8)
r dr
where
o1
Q. =—n.v. —— Te (49
n. X ar +T.T )
1
c? v Ho R.+ 8o,
Xe = —5 < o+ L TR (50)
Woe qR ra

and Wy is assumed bremstrahlung radiaticn loss and W, is an ionization loss.

As for §,, we take
SP =0 Ng <gv>ion (51)

where < gV>,,, is & cross-section of ionization and n, is a neutral gas
density, assumed to be accumulated in the e-folding length near the edge.

fs for [7, we take

dn, n, dT,
D . .
dr + 4 T, dr

[=-D (52)

where D is assumed equal to y, and § is taken to be a parameter. As an

example, we take the Alcator parameters '’ and show the results in Fig.2 where
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the profile is compared with a Gaussian and found very similar with it. In rthe
case of Fig.2, we put 5:0.11, although the change of this parameter affects the
n,-profile, while T,-profile remains unchanged. For the comparison, we
present the result in Fig.3 which is computed with the neglection of the second
term of Eq.(50). Both figures show sj:rﬁply that the second term of Eq.(50) makes
the profile more similar to a Gaussian than Fig.l in the outer region.

Up to this point, our model is approximately fulfilled in the entire region

and the total y ., should be written to be

1

2 ic Re o aq
Yo~ Cz . V,, £+ Qsvs R, +B +x:; (53)
Whae QR  oP

where the neoclassical electron contribution is included only for formality.

And the corresponding yx . should have the form of

1

C2 Ve . EC. Re+ ,B -] 4 aaq
Xi ™~ai 7 " E+aie Baze R, - X P (54)
Whpe qR Ca
where parameters (@ ;;, ;) of order 0(1) cannot be helped to be attached.

Thus, the effective x . in the energy transport equation {25) 1is

X e =x= T T X
1

¢t v c, R+ B,
~C e (era) tGrran 22T (o

wie 4R ra

1

c? v R _R.+ 8. ,
~ s (1 . R, * (55)

oL R {E+A.+( +Taiz) o }

where

/M
Ai:rai15+K2U-if5/2 8.} m (36)

By obtaining these relations, at first we can consider the case of a low density
plasma in which g,q* (4,.3% is replaced by B.q® from the consideration of

the origin of necclassical ion contribution) is very small. In other words,
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KzU-iBiqu : <<<(-:> _ (57)

: 1
where < > means the average of g =r/R, and <g> ~ = (a/R), In this

case the second term of Eq.(55) (the electrostatic turbulence) is very small

in the inner regicn (x< -—;— ~ % } since a low density plasma is usually

a high electron temperature plasma and R, is very small. Thus x:'' in the
inner region is determined by the g -term in Eq.(55). Therefcre, as it can be

said that the stored energy is approximately determined by the energy in

the inner region, (x<~ -—% ), the effective energy confinement time <tg?

can be appreximated to be

a? a?
Cre> ~ att c? v < fi,aR¥<g> (58)
xe -1
(1+ i ) E>
< aXir T wge qR

which leads to the Neo-Alcator scaling of tpg. In case of a high density plasma

of a large f:q%, on the contrary,i.e.

Ko vei B:9%) : >><€>‘ . (59)

¥ °'" is determined both by the neoclassical contribution of A;-term (AY*°)

and the electrostatic term, thus <7 z> can be written to be

2 a2
rgd ~ — (60)

x:rt . .
CZ V: azcl e
(—. Aver (it 7 apq) 258 g FeT R0y
Woe qR I"q

In this case, we cannot neglect the second term in Eq.(35) since a high
density plasma is usually tantamount to a low electron temperature plasma so
R, i3 not so low to neglect. With use of the relation (27}, we can rewrite Eq.

(6C) into
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aZ
('EE) iad x:ff
. aZ
~ . 3 (61)
¢z v M R _R.+8
] [} 2 f_ 572 . 1 ; Ra L o
<w§° qH ng mg {‘E KZV |+( +'EG 2) qr‘n } >

where { |} -part in the denominator is very difficult to treat since the

1
turbulence part (R,R’+.B° )

until R, reaches ~1. But it should be noticed here that the { } - part is

is usually a rapidly increasing function of x

possible to be settled to be a moderate function of x since X; v« is usually

a decreasing functicn while the R,-term is an increasing function.

Thus it can be said that < ¢ ;> becomes independent of a density since the
density dependence of (C?/w?,) and ( 4:9%) in the denominator is cancelled out.
<rg> in Eq.(61) is smaller than the one determined only by x¥°°, the

first term in the denominator, by the amount of the second term In the
dencminator, i.e, the contribution from the electrostatic drift wave turbulence.
Therefore the results implied by Eq.(58) and (61) can interpret well the
experimental results 2% 29 suggesting Alcator-Scaling. Also we can see the
criterion separating the density dependence of <t g> scaling in the above

arguments. The criterion is

/M
szciﬁjqz m 2{g> (62)

namely

<e>» il
€
M
o~ ' (63)
g Q%K v i

1
If we assume the usual experimental fact of g,~ 1, and <g> ~ - a/R,

then the critericn becomes

1 a m
cr _— e " ) 6u
Bto ) R " /(szm) ( )
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This result is very interesting, especialy with respect to the mass-number
dependence though this result may be modified if the electraostatic
turbulence -makes a larger contribution than the neoclassical ion in case of a
high density regime. Thus the criterion should be written more exactly in the

following manners ;

1

1 M R R.+ 8,
> —_— L p 2 Yo 1 R,
<eg> 2 H_rﬂ:“{l'izu.n: B .a¥ o +(1+ 7 aiz) ar.
(65)

}
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3. Concluding Remarks

Summarizing the arguments discussed in the previous section, we can say
that the dominant turbulence is the electromagnetic one in the inner region and
the electrostatic one in the outer rééion with the neoclassical icn
contribution prevailing in the whole region. The boundary of the dominant
turbulence between the electromagnetic and the electrostatic one is changed
by the plasma parameters, especially the density. In case of a low
density plasma, the dominant turbulence becomes the electromagnetic one,

1 1 ,
prevailing beyond x = - —g— , and the <7 g>-scaling shows the n,_

proportionality. 1In case of a high density plasma, on the other hand, the
deminant turbulence becomes the electrostatic one, with the electromagnetic cne
confined in the narrow region near the axis, and the <t g>-scaling becomes
independent of n,. With regard to the T,-profile, we can reach £q.(1%) which
is similar with a Gaussian form if the region is limited within

1 2
x < -~ 3 and if we take into account the electrostatic contribution

in the outer region, we can have the similar profile to a Gaussian by the
numerical calculation. With begard to the n,-profile, we only indicate the
importance of the inward flow, yet to prove the claim by “Profile Consistency"
as to the n.-profile, for which the understanding of the particle transport

is needed. As for the T,-profile, we have to perform a numerical calculation
for the intricacy of Q,ilterm, whose results, as well as other profiles,

are to be done in the near future. The most important point of our medel is
the combination of the electromagnetic and electrostatic turbulences with

the neoclassical ion effect. These intriguingly ingenious combinations may
explain some other recent transpert problems as well as “profile consistency”.
In the last place it should be ncted that we develop the discussions by the in-
formal way of starting with a simple model by adding some complexities one by
one to reach a final appearance since the author want to envision the kernel
 part of the model as clearly as poasible though the more rigid.formulation can
not be helped to be sacrificed and is to be left in the future work, in which
the formal fermulation is to be employed and the framework is to be more rigidly

fixed and numerically examined.
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10 S

0 | 0.5 1.0
x =r1/0

Fig.1; (T./T.)" =1—8 {x—alog (1+=) }, B=26, 3.5, 4.5, 6.07, 8.0
and a=0.75 a
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Te (GV)

Fig. 2; Toprofile computed from Egs. (48) ~ (52) and (35) with the initial
data of T, =1.32 X 10°eV, n, =18 X 10°m™®, a=0.1m, R =054m,
E=07V,/m, B=6T, t=09 and 6§=04. A broken line represents
Eq. (1) with a,=2.3%
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initial data with the case of Fig.2 except for the

second term of Eq. (50)

Fig. 3 ; T-profile computed from Bgs. (48)
a, = 2.31.



