Plasma and Fusion Research: Regular Articles

Volume 8, 1403082 (2013)

Turbulence Analyses of Improved Electron Energy
Confinement in H-Mode Plasmas with Gyrokinetic
Calculations

Emi NARITA, Mitsuru HONDAV, Nobuhiko HAYASHI", Tomonori TAKIZUKA,
Shunsuke IDE", Kiyoshi ITAMIY, Akihiko ISAYAMA" and Takeshi FUKUDA

Graduate School of Engineering, Osaka University, Suita, Osaka 565-0871, Japan
Y Japan Atomic Energy Agency, Naka, Ibaraki 311-0193, Japan

(Received 24 February 2013 / Accepted 4 May 2013)

In the International Global H-mode Confinement Database, there are data that have the Hyog(y,2) factor ex-
ceeding unity in the region where the electron temperature is higher than the ion one. This high value of Hyog(y,2)
can be attributed mainly to the improved electron confinement. The conditions required for this improvement are
investigated with the local flux-tube gyrokinetic code GS2. When the ion temperature gradient length is shorter
than the electron one, ion temperature gradient (ITG) mode is dominant, whereas trapped electron mode (TEM)
is stabilized. Under this situation, the electron heat diffusivity is suppressed. In addition, an effect of the magnetic
shear s is also studied in the positive shear range, 0.6 < s < 1.4, and the reduction in the electron and ion heat

transport with increasing s is found.
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1. Introduction

In burning plasmas, the electron temperature T is ex-
pected to be equal to or exceed the ion temperature T; be-
cause of the electron heating due to alpha particles. It is,
therefore, meaningful to investigate the effect of the tem-
perature ratio T, /T; on the plasma confinement for under-
standing transport in burning plasmas. In 7. /T; < 1 region,
the degradation of the confinement with the increase in T,
or T./T; has been generally observed [1]. In this region, the
electron and ion thermal diffusivities increase with increas-
ing T./T; [2]. The confinement degradation is attributed to
the decrease in the ion temperature gradient (ITG) effec-
tive threshold due to the increase in T, /T; [3,4]. The trans-
port simulations showed that the increase in T /T; degrades
the confinement in plasmas with the steep density gradi-
ent, because of the increase in ITG/trapped electron mode
(TEM) transport [5]. However, in the International Global
Confinement Database [1, 6], there are data that have the
confinement enhancement factor Huog(y,2) (= Tin/Tin,98y25
where Ty 93y2 is an ELMy H-mode confinement scaling ex-
pression since 1998 [7].) exceeding unity in Teo/Ti9 > 1
region, where T/ Tjo is the temperature ratio at the mag-
netic axis [5]. The understanding of the underlying physics
in a subset of these discharges can contribute to the im-
provement of the confinement and the precise prediction
of the burning plasma performance.

In this paper, the electron and ion energy confinement
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performance of the subset are investigated. In this subset,
it is found that the Hyog(y,2) factor exceeding unity can be
attributed mainly to the improved electron confinement. In
T./T; > 1 region, ITG/TEM transport, which is enhanced
with increasing T./T; as mentioned above, is analyzed us-
ing the GS2 code[8, 9] in order to investigate conditions
required for the improved electron confinement. In the
calculations, a role of the relationship between the elec-
tron and ion temperature gradient in turbulent transport is
studied. The variances in the electron and ion temperature
gradients were observed with the change in 7. /T; [4]. In
addition, this study focuses on the dependence of transport
on the magnetic shear relating to the plasma current shape,
which impacts on the confinement quality.

The rest of this paper is organized as follows. Sec-
tion 2 shows the data in T¢y/Tip > 1 region of the Inter-
national Global H-mode Confinement Database, and de-
scribes the improved electron confinement. In Sec. 3, the
tools for analyzing turbulent transport are introduced. In
addition to the linear calculations with the GS2 code, a
quasilinear model is used to estimate the transport coef-
ficients. The calculation results are also shown in Sec. 3.
Section 4 gives the conclusions.

2. Improved Electron Confinement in
the H-Mode Database

The International Global H-mode Confinement
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Fig. 1 (a) The plot of Hyog(y2) as a function of the temperature ratio at the magnetic axis. The data points in T¢y/Tjp < 1.03 are denoted
by open diamonds, and the data points in Teg/Tjo > 1.03 are divided in three groups: the high Hyogy2) is in Huogy2) > 1, the
middle Hyogy,) is in 0.88 < Hpyog(y,2) < 1 and the low Hyog(y,) is in Hyog(y,2) < 0.88. In Ty /Tip > 1.03, the subsets with the plasma
current I, = 2MA and 2.5 MA are denoted by closed circles and closed triangles, and the remaining data points are denoted by
open squares. The normal levels of accuracy of Ty and Ty are +£10% [6]. (b) The distribution of the NBI heating power ratio and
the plasma effective charge. The symbols are corresponding to those in (a) except that the low Hyog(y,2) data are denoted by open
symbols. The normal level of accuracy of Z.¢ is £30% [6]. (c) The distribution of the ratio of the central electron density to the
line averaged electron density and Hyog(y,2). The symbols are corresponding to those in (b). The normal levels of accuracy of ng is

+10%, and that of 7, is +8% [6].

Database [1, 6] was surveyed with an emphasis on the
dependence of Hyog(y,2) on Teo/Tio, and the degradation of
Hpog(y,2) with the increase in Teo/Tjo under the steep den-
sity gradient was suggested [S]. The transport simulations
showed that the degradation can be attributed to enhanced
ITG/TEM turbulence [5]. In this section, we investigate a
subset of the database DB3v13[1, 6] to study the data that
have Hyog(y,2) exceeding unity in Teo/Tip > 1 region. The
data points from JET discharges have been extracted from
the database, because these discharges consist of enough
shots with the plasmas of T../T; exceeding unity. The data
points are scattered over broad range of Ty/Tjp as shown
in Fig. 1 (a). All data selected here are the ELMy H-mode
discharges with deuterium plasmas dominantly heated by
neutral beam injection (NBI). The discharges with pellet
injection are excluded from the subset. The safety factor
at 95% flux surface qos falls within 2.8 < go5 < 4.5,
and the line averaged electron density 7. and the central
electron density ney range 0.3 < #n./ngw < 0.8 and
1.15 < ne/ne < 1.4, respectively, where ngw is the
Greenwald density (ngw(102°m™3) = Ip/7ra2, where I,
is the plasma current in units of MA and a is the plasma
minor radius in m). This study focuses on the data points
within T¢o/Tjp > 1.03 region in Fig.1(a). As described
in Fig.1(a), the data in this region are divided in the
three groups based on Hpogy,2): the high Hpyogy,2) is in
HHQS(Y’Z) > 1, the middle Hﬁgg(yyz) isin 0.88 < H]-[gg(y’z) <1
and the low HHgg(y’z) is in HHgg(y’z) < 0.88. The NBI heat-
ing power ratio P./P;, which is not contained within the
database, is calculated with the following equation [10]:

dE
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where Ey, is the energy of fast ions produced by the neu-
tral beam, Eyo is the neutral beam energy, P, ie) is the
power transferred from the fast ions to thermal ions (elec-
trons), Te vor 18 the volume averaged electron temperature
expressed as

We
Te,Vol = 3
Ene,Volv

&)

W, is the electron stored energy, 1. vo is the volume aver-
aged electron density, V is the plasmas volume, m is elec-
tron mass, M is deuterium mass and *// and 7/¢ are energy
transfer time from fast ions to thermal ions and to elec-
trons respectively, which are evaluated as 77/¢ o ES/ % and
/1 o ES/ 2/ Zo (Where Zog is the line averaged plasma ef-
fective charge). The parameter ranges of P./P; and Z.¢ for
the high, middle and low Hpog(y,2) are shown in Fig. 1 (b),
in which the subset of the discharges with I, = 2 MA and
2.5MA is selected. Special relationships of the range of
P./P; and Z.g to Hyog(y,2) are not seen. Although P./P;
is estimated roughly using the volume averaged value of
the temperature, the poor relationship between P./P; and
Hyog(y,2) can be confirmed, and the most P./P; values
range under unity. A exact estimate of P./P; will be per-
formed with radially resolved simulation in the future. In
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Fig. 2 The dependence of the stored energy on the loss power using the data with (a) high (large symbols) and middle (small symbols)
Hyos(y2) and (b) low (large symbols) and middle (small symbols) Hyogy,2). Closed and open symbols denote the electron and ion
energy, respectively, and circle and triangle symbols denote the data with plasma current /, = 2 MA and I, = 2.5 MA, respectively.
The normal level of accuracy of W, is £20%, and that of W; is £15% [6].

Fig. 1(c), Huosy,2) is plotted versus the density peaking
factor neg/rn.. The density gradient does not affect the
Hpyog(y,2). Figure 2 shows the dependence of the stored en-
ergies of electrons W, and ions W; on the loss power P
evaluated by subtracting the time rate of change in the total
plasma stored energy from the sum of the ohmic and aux-
iliary heating power. In the data set of the high Hpog(y,2)
(shown in Fig.2 (a)) the increases in W, and W; are seen
more clearly than those in the data set of low Hpogy,2)
(shown in Fig.2 (b)). Figure 2 (a) also shows that W, is
nearly twice larger than W;. Thus, the increase in Hyog(y,2)
can be attributed mainly to the improvement of the elec-
tron energy confinement. In the next section, the influence
of the difference between the electron and ion temperature
gradients on the electron confinement is investigated, be-
cause the stored energy ratio W, /W, is larger than the tem-
perature ratio at the magnetic axis To/Tjp, and the elec-
tron temperature gradient length may be longer than the ion
one. In addition, we consider an effect of the current den-
sity profile, which has been generally reported to be signif-
icant for the confinement performance [11, 12]. Since the
confinement performance is compared for the high, middle
and low Hyog(y,2) cases with the similar plasma current, the
current density profile may influence the improved electron
confinement. Accordingly, in the next section, roles of the
electron and ion temperature gradient length and the mag-
netic shear indicating the current density profile are studied
in the T /T; > 1 region for the fixed density gradient value.

3. Turbulence Analyses

In order to study a mechanism of the improved elec-
tron energy confinement observed in the database, the elec-
tron and ion thermal transport induced by turbulence are
investigated with the GS2 code [8,9]. In the following sub-
section, the calculation methodologies are shown.

3.1 Methodologies

GS2 is the local flux-tube gyrokinetic code, and solves

the gyrokinetic equations for the perturbed distribution
function 6f. In this paper, the linear calculations are per-
formed mainly, including electromagnetic effects. The s —
a equilibrium model [13] is employed because the parame-
ters required for this model are available from the Interna-
tional Multi-Tokamak Confinement Profile Database [14],
whereas some parameters needed for the Miller equilib-
rium model [15], which can also be used in GS2 calcu-
lations, are not available in the database. Here, s is the
magnetic shear and « is the normalized pressure gradient.
The heat transport coefficients are estimated based on lin-
ear calculations using a quasilinear transport model [16].
This model is applicable for ITG and TEM turbulence, and
in the case where turbulence tends to be mainly driven by
ITG mode, the ion heat flux Q; is estimated as

R

Ly’

Y

()

Here, n; is the ion density, R is the major radius, vy is the
linear growth rate, ky is the wave number in the poloidal di-
rection, k, is the perpendicular wave number and Ly, is the
ion temperature gradient length defined by Ly, = —T;/VT;.
The dimensionless factor C, which is determined by non-
linear simulations, is set to unity for our cases. The validity
of the C value will be discussed bellow. The poloidal aver-
age value of k2 is defined as

(k1) =g (1+5*(6%)),

Oi
=C
mT;i/R i

(6)

(N

where
f 6 i, O) do
(92) =
f |ox,0)] do

Here, ¢, is the fluctuating potential. The calculations are
performed in the range of 0.1 < kypo; < 1.0, where p; =
¢;/Q; with ¢ = (Te/M)°> and Q; = eB/M. As described
in Eq. (6), the heat flux is estimated by the maximum value

®)
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Fig. 3 (a) Linear calculation result of y/ (ki> in Eq. (6) as a function of the normalized wave number, and (b) nonlinear simulation result

of the time trace of the ion heat diffusivity for Cyclone base case parameters.
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Fig. 4 (a) The mode frequency, (b) the linear growth rate and (c) the heat flux ratio as a function of the normalized ion temperature
gradient, with R/Ly, = 6 and kgp; = 0.3. The dotted vertical line shows the value of R/Ly, = 6 kept fixed in the calculations.

of the y/ (ki> over the kgp; range, and the maximum value
is generally taken around kgp; ~ 0.1 — 0.15. The ion heat
diffusivity y; is calculated using Q; = —n;x;VT;, and thus

Yi= Cmax[il. 9)

The electron heat diffusivity y. is subsequently computed
using the heat diffusivity ratio y./y; calculated from the
heat flux ratio Q. /Q; that is the result of linear calculations.
In the case where the dominant turbulence drive is TEM,
the roles of ion and electron would be interchanged with
each other and thus the subscript “i” is replaced with “e”
in Eq. (6) and Eq. (9).

The quasilinear model, Eq. (9), includes the dimen-
sionless factor C. In order to determine the factor C, the
nonlinear simulation of electrostatic ITG turbulence is per-
formed, and the result is compared with that from the lin-
ear calculation. The plasma parameters are identical to the
Cyclone base case[17] (r/R = 0.18, s = 0.8, ¢ = 1.4,
R/L, = 22, R/Ly, = 6.9 and T./T; = 1). The electro-
static calculation for these parameters is widely used for a
benchmark case. In the nonlinear simulation, the box sizes
in the x and y directions are L, = L, = 62.8p,, respectively,
where x is the radial direction and y is the perpendicular

direction to the field line. Figures 3 (a) and 3 (b) show the
linear and nonlinear results, respectively. The ion heat dif-
fusivity y; shown in Fig.3 (b) is calculated from the ion
heat flux Q; that is the nonlinear simulation result. Both
v/ <ki> and y; are normalized to p?cs/a. The normalized

maximum value of y/ <ki> is 0.750, and the normalized
time averaged y; is 1.96, then C = 2.61 is obtained. As-
suming C to be of order unity is, therefore, justified.

3.2 Results

In Sec. 2, it is concluded that the Hyog(y,2) factor ex-
ceeding unity in the high Ty /Tjp region can be attributed
mainly to the improved electron confinement. In this sub-
section, conditions required for the improvement in the
high T./T; region are investigated by means of the lin-
ear stability calculations with GS2. In the comparison of
the stored energy for the high, middle and low Hpog(y,2)
as shown in Fig.2, it is speculated that the electron and
ion temperature gradients and the magnetic shear influence
the difference in the Hyog(y,2) value. These influences on
ITG/TEM turbulence, which is reported to be enhanced in
the high T./T; region, are examined. Here, T./T; = 1.2 is
selected as a representative of high 7. /T;.

Figure 4 shows the effect of the normalized ion tem-
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perature gradient R/Ly, on ITG/TEM turbulence with
T./T; = 1.2 and the normalized electron temperature gra-
dient R/Ly, = 6, at kgp; = 0.3 around which ITG/TE mode
has the maximum growth rate y. At the wave number lies
within 0.1 < kgp; < 0.15, in which y/ <k§> is the maxi-
mum, the effect of the ion temperature gradient on turbu-
lence is in a similar manner to at kgp; = 0.3. The mode
frequency w and y are normalized to c¢;/a, and the posi-
tive (negative) w indicates the propagation in the electron
(ion) diamagnetic direction. The pizcs/ a value used for the
normalization of the heat diffusivity given in Eq. (9) is cal-
culated by the typical values in the subset in the previous
section: B=23T, a =0.93m and Tevo = 2.2keV. Here,
the plasma parameters are R/a = 3, r/a = 0.5, 8 = 0.5%,
s = 1.0, g = 1.5 and R/L, = 2, where r/a is the normal-
ized minor radius, S is the ratio of the plasma pressure to
the magnetic energy density, g is the magnetic safety fac-
tor and R/L, is the normalized density gradient. These val-
ues are set based on discharges in the International Multi-
Tokamak Confinement Profile Database [14], which are the
part of the data points in Fig.1(a). The « parameter is
set to zero. As shown in Fig. 4 (a), when R/Ly, is larger
than ~ 5, the dominant mode is ITG, on the other hand,
when R/Ly, is less than ~ 5, TEM is the fastest growing
mode. This ITG/TEM transition associated with R/Ly, is
observed in Ref.[18-20]. In Ref.[19, 20], the transition
occurs at R/Ly, ~ CyR/Lr,, where C; varies around unity
according to other parameters. In this study, C; is slightly
lower than unity. In order to study the sensitivity of C; to
s and R/Ly,, variations of s and R/Ly, by £20% are ex-
amined, accounting experimental errors. C; has an error
within +10% with the R/Ly, variation, and an error within
+9% with the s variation. C; does not exceed unity with
these variations. The linear growth rate is enhanced by
the increase in R/ Ly, (Fig. 4 (b)), but in the ITG-dominated
regime, namely in R/Ly, > 5, the electron heat flux is much
less than the ion one, as shown in Fig. 4 (c). Figure 5 shows
the heat diffusivities estimated by the quasilinear transport
model. The closed and open circles denote the electron
and ion heat diffusivities with R/Ly, = 6, respectively. In
a condition R/Ly, > 5, ITG is the fastest growing mode,
and the electron heat diffusivity is much less than the ion
one, whereas when the dominant turbulence drive is TEM,
it is enhanced substantially and exceed the ion heat dif-
fusivity. As shown in previous section, in the data set of
the high Hyog(y2), We is significantly larger than W;. In
order to obtain this situation, the regime where TEM is
suppressed and ITG is dominant is required. In TEM-
dominated regime (R/Ly, < 5), x; increases slightly with
decreasing R/Ly, (open circles in Fig.5). The open trian-
gles in Fig. 5 show the y; driven by pure ITG mode with
R/Ly, = 0. The other parameters are identical to those
used for circle symbols. The pure ITG mode is suppressed
with decreasing R/Ly,. Therefore, the slight increase in
Xi is due to TEM. This role of TEM is suggested in the
experiments [20]. In Fig. 6, the dependence of y., x; and
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Fig. 5 Quasilinear estimate of the heat diffusivities of electrons
(closed symbols) and ions (open symbols) for the fixed
value of R/Ly, = 6, and the ion heat diffusivity driven
by the pure ITG mode with R/L;, = 0 denoted by open
triangles as a function of the normalized ion temperature

gradient.
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Fig. 6 Quasilinear estimate of the heat diffusivities of electrons
(closed circles) and ions (open circles), and linear calcu-
lation result of the heat diffusivity ratio (closed squares)
as a function of the temperature ratio.

Xe/xion T./T; is plotted with the parameters that are iden-
tical to those used previously except for R/Ly, = 6.0 and
R/Ly, =1.5. For any T./Ti, the mode frequency is nega-
tive, meaning that the fastest growing mode is ITG mode.
With increasing T./T;, y. and y./xi gradually decrease,
whereas y; increases. In this range of T./T;, since y. is
less than yi, a condition R/Ly, > R/Lry, is effective for
the reduction in the electron heat transport. In the sub-
set with the high Hpog(y,2) of the database, since W./W;
is larger than T, /T, the electron temperature profile can
be broader and the electron temperature gradient can be
smaller: R/Ly, > R/Ly,. This range corresponds to the
region where y. is much lower than y;. Therefore, the cal-
culation results support the above speculation.

The effect of the magnetic shear on the electron energy
confinement is also examined. The mode frequency and
the linear growth rate as a function of kyp; for s = 1.4,1.0
and 0.6, with T./T; = 1.2, R/Ly, = 6 and R/Ly, = 7.5,
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(closed circles) and ions (open circles), and linear calculation result of the heat diffusivity ratio (closed squares) as a function of s.
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Fig. 8 Quasilinear estimate of (a) the electron heat diffusivity and (b) the ion heat diffusivity as a function of the magnetic shear for the
normalized ion temperature ratio R/Ly, = 7.5 (circle symbols), R/Ly, = 6.0 (square symbols) and R/Ly, = 4.5 (triangle symbols),

with a fixed value of R/Ly, = 6.0.

are shown in Fig. 7 (a) and Fig. 7 (b), respectively. Around
kgpi ~ 0.7, the dominant instability shifts from ITG to
TEM (Fig.7 (a)). As shown in Fig.7 (b), both ITG and
TEM turbulence is suppressed by the increase in s. Fig-
ure 7 (c) shows the estimated heat diffusivities. y./y; de-
creases with increasing in s, hence the increase in s reduces
Xe faster than y;. The reductions in y. and y; are observed
for the other value of R/Lr, with a fixed value of R/Ly, = 6
as shown in Fig. 8. For any s, when R/Lr, = 7.5 and 6, the
dominant mode is ITG, whereas when R/Ly, = 4.5, TEM
becomes dominant. TEM turbulence causes the increase in
Xe (triangles in Fig. § (a)), as mentioned before. y. and y;
decrease with increasing in s clearly. The stabilizing de-
pendence on s was given in [21], which analyzed the ion
temperature gradient driven mode of a sheared slab model.
The linear analysis showed that the growth rate is approxi-
mately a decreasing function of s, and the reduction in y; of
the mode with increasing s is observed from the fully non-
linear simulation [21]. The increase in s for the range se-
lected in this study was also reported to reduce the electron
and ion transport with the equal ion temperature gradient
to the electron one using gyrokinetic code GYRO [11].

3.3 Discussion on results

The validity of the low heat diffusivity ratio y./y; cal-
culated by GS2 is also examined in terms of the experi-
ments. The GS2 calculations show that y. is significantly
lower than y;, in the case where R/ Ly, is sufficient large to
shift the dominant mode to ITG, and high s in the positive
shear range. This low y. can improve the electron confine-
ment. In the subset of the high Hyog(y2) shown in Sec.2,
the electron stored energy is nearly twice larger than the
ion one. In this subset, the NBI power transferred to elec-
trons is less than that to ions as shown in Fig. 1(b). The
validity of the low y. compared to y; with P./P; < 1 is in-
vestigated with the electron and ion energy balance equa-
tions expressed in the following form [22]:

W, T. - T;

< = P - - 1neV’ (10)
TEe Teq
Wi T.-T;
R L P (11
TEi Teq

where 7g ¢ is the electron (ion) energy confinement time,
V is the plasma volume and 74 is the equipartition time
expressed as

1 M 12
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Here the electron collision time 7. is written as

_35x100 77"
T MmAJI0 Zn
where In A, is the Coulomb logarithm, and the units of
T. and n is eV and cm™, respectively. When we as-
sume y. < yi, the outflux of electron energy is nearly
zero: We/tg. = 0 in Eq.(10). In addition, the ratio of
P. in Eq. (10) to P; in Eq. (11) varies from P./P; = 0.5 to
P./P; = 1.0. Under these assumption, the value of T./T;
is calculated by Eq.(10) and Eq. (11). Here, the follow-
ing characteristic values in the subset of the database are
used: Tevo = 2.2keV, ne = 4.1 x 10 m™=3, W, = 1.8 M1,
W; = 1.1 MJ and g = 350 ms, where 7g is expressed as
1g = T8 (We + W;)/W,; because W, /1g, = 0 is assumed.
Consequently, for P./P; = 05-1.0,T./T; =1.2-1.31is
obtained. This obtained T./T; lies within the range given
in the subset of the database. It means that when the elec-
tron heat transport has been suppressed significantly, the
balance between the electron heating and the equipartition
energy flow to ions can be kept.

13)

4. Conclusions

In the International Global Confinement Database,
the electron and ion confinement properties of the data
in Teo/Tio > 1 region have been investigated. The data
points from JET discharges show that Hyog(y2) exceeding
unity can be attributed mainly to the improved electron
confinement. The conditions required for this improve-
ment in 7./7; > 1 region have been investigated with
the linear GS2 calculations, focusing on the electron and
ion temperature gradients and the magnetic shear in the
high T./T; region, because these are suggested to influ-
ence the improved electron confinement in the data set.
The heat diffusivities have been estimated using the quasi-
linear model. The ion temperature gradient has varied
while keeping electron temperature gradient fixed. When
R/Ly, is larger than R/Lz,, the fastest growing mode is
ITG, and the increase in R/Ly, enhances the linear growth
rate. Under this condition, the value of y. is less than
that of yi. At R/Ly, ~ CR/Lz,, the ITG/TEM transition
occurs. For the parameter set given in this paper, C; is
slightly lower than unity. In the TEM-dominated regime,
the electron transport is enhanced. The T./T; scan shows
that when ITG mode is dominant, y. is kept much lower
than y; in T./T; > 1 region. Consequently, a condition
R/Ly; > R/ Ly, is required for the reduction in the electron
heat transport. The range R/Ly, > R/Lr,, which is sug-
gested in the subset, corresponds to the region where y.
is much lower than y;. In addition, the study of the mag-
netic shear effect on the heat transport in the positive shear
range, 0.6 < s < 1.4, shows that the increase in s reduces
both y. and yj, and the reduction in y. is larger than that in
Xi- As shown by the calculations, when the electron trans-
port is suppressed, y. is much lower than y;. The validity
of the low y./x; has been examined in terms of the exper-

iments by the energy balance equations. The significant
reduction of y. can be occur within the high T /T; range
given in the subset of the database. The temperature gra-
dients and the magnetic shear affect the improved electron
confinement, and thus, these calculations support the sug-
gestion in the subset of the database.

In this study, the GS2 calculations have been per-
formed with the s — a equilibrium model [13]. However, it
has been reported that the results are different between the
s —a model and a magnetohydrodynamic (MHD) equilib-
rium: for the case with the s — @ model, the linear growth
rate is underestimated and the ITG critical gradient is over-
estimated [23]. In this study, y. and y; have been inves-
tigated with respect to the temperature gradient ratio and
the magnetic shear in the low-k region by the local flux-
tube code, but the electron temperature gradient (ETG)
mode originating at high wave numbers (kgo; > 1) pro-
vides a small but important effect on the electron trans-
port[24,25]. This work will be extended to high-k turbu-
lence in due course. Also, experimental analyses will be
performed in JT-60U to see whether the electron transport
characteristics captured in this study are reproduced. In ad-
dition, simulations with the integrated transport code TOP-
ICS [26] implementing the transport models GLF23[27]
and TGLF [28] will be carried out, and in these simula-
tions, turbulent transport, kinetic profiles and an equilib-
rium are consistent with each other.
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