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A reduced transport model for microtearing modes is developed for use in integrated predictive
modeling studies, employing a unified fluid/kinetic approach to derive the nonlinear dispersion
relation. This approach advances the kinetic description and allows the inclusion of nonlinear
effects due to magnetic fluctuations. In this numerical study, the dependence of the microtearing
mode real frequency and growth rate on plasma parameters and on DIII-D like L-mode and Hmode plasma profiles is examined. The magnetic fluctuation strength as well as electron thermal
diffusivity due to microtearing modes is computed. The saturated amplitude of the magnetic fluctuations is calculated utilizing numerically determined microtearing mode eigenvalues in the nonlinear microtearing modes envelope equation. It is found that the electron temperature gradient in the
presence of moderate collision frequency is required for the microtearing mode to become unstable.
The effects of small and large collisionality and small and large wavenumbers on microtearing
modes are found to be stabilizing, while the effects of density gradient, plasma beta, low current
density, and large magnetic shear are found to be destabilizing. The microtearing mode growth
rate, magnetic fluctuation strength, as well as electron thermal diffusivity is found to be larger in
the H-mode plasma than in the L-mode plasma. Published by AIP Publishing.
https://doi.org/10.1063/1.5009105

I. INTRODUCTION

Microtearing modes are short wavelength ion scale electromagnetic instabilities driven by electron temperature gradient in the collisional regime.1,2 These modes have been
identified as a source of significant electron thermal transport
in tokamak discharges. For example, microtearing modes
have been predicted to be unstable in high-b spherical discharges, MAST3–5 and NSTX6–13 and in standard tokamak
discharges, DIII-D,14,15 Alcator C-Mod,16 JET17 and ASDEX
Upgrade.18 The existence of microtearing modes in tokamak
discharges highlights the need to determine the electron thermal transport due to the nonlinear saturated microtearing
mode. In the previous publications,2,7,8,19,20 the ratio of magnetic fluctuations, associated with microtearing modes, to
magnetic field are assumed to be approximately equal to the
ratio of electron gyroradius to the electron temperature gradient scale length. This assumption is based on mixing length
estimate which provides a reasonable estimate for the saturated amplitude for temperature gradients that are sufficiently
greater than the linear threshold. However, the mixing length
estimate does not capture the dependence of the microtearing
mode contribution to electron thermal transport on other
parameters such as collisionality, plasma be, magnetic-q, magnetic shear, and mode wavenumber. Therefore, transport models that rely on the simplified saturation estimate are incapable
of reproducing the correct scaling dependence on these
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parameters, which illustrates the need for an improved saturation model. In order to understand how microtearing modes
affect transport and, consequently, the evolution of electron
temperature in tokamak discharges, a reduced transport model
has been developed21 for use in integrated predictive modeling studies.22 The electron momentum and density equations,
Maxwell’s equations, Ampere’s law, and quasi-neutrality condition were employed in the development. A unified fluid/
kinetic approach was used which included nonlinear effects
due to electrostatic and magnetic fluctuations, as well as
effects due to collisionality, electron temperature and density
gradients, and arbitrary curvature. The influence of third order
nonlinear effects on a multi-wave system were considered,
and the third order effects provided a possible mechanism for
the temporal saturation of the microtearing instability. The
envelope equation for the nonlinear microtearing modes was
introduced, which provided the initial linear growth and the
final stabilization, and was used to calculate the saturation
level of the nonlinear microtearing instability. An iterative
approach was applied to calculate the nonlinear distribution
function, which, in turn, was used to calculate the nonlinear
parallel current in obtaining a nonlinear dispersion relation.
The resulting dispersion relation, developed in Ref. 21, is
included in Sec. II and is utilized in the study of the dependence of microtearing electron thermal transport on plasma
parameters. In this paper, dependencies of the fastest growing
microtearing mode on collisionality, be, magnetic shear, electron density and temperature normalized gradient are illustrated. The effects of magnetic fluctuations on microtearing
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mode real frequency and growth rate are also investigated.
The paper is organized as follows: In Sec. II, the microtearing
mode anomalous transport model, which has been developed
and described in Ref. 21, is briefly summarized both for the
low collisionality and collision dominated cases. The dispersion relation that results and that can be used to compute the
growth rate (and associated real frequency) of the most unstable microtearing mode is presented. In Sec. III A, the dependence of growth rate and real frequency of the most unstable
microtearing mode on plasma wavenumber, collision frequency, temperature gradient, magnetic-q, magnetic shear,
density gradient, and plasma beta are illustrated for a DIII-D
like L-mode discharge. The dependence of the tearing mode
real frequency, growth rate, magnetic fluctuation, and electron
thermal diffusivity on DIII-D L-mode and H-mode plasma is
also shown in Sec. III. The effects of microtearing modes on
electron thermal transport in DIII-D discharges are summarized in Sec. IV.
II. MICROTEARING MODE ANOMALOUS TRANSPORT
MODEL

With the effect of collisions introduced in the term on
the left side, the nonlinear microtearing dispersion relation
developed in Ref. 21 is
"
#
me ky2 q2s
ðx  xDe þ iei Þ ¼ xe ð1 þ ge Þ
x þ a0
mi be
2 2
ge xe ðx  xDe Þ
xe  xDe kk uA

(1)
x  xDe þ iei x  xDe þ iei x
2


1  dBk0

 B  kuth 
X xe  x0
2
e
:
a2 ge
xk0 þk  xDek0 þk xkþk0  xDekþk0 þ iei
k0

a1

The nonlinear microtearing mode dispersion relation in Eq.
(1) is applicable for the collisionless, the semi-collisional
and the collisional regimes. In Eq. (1), x is the mode eigenfrequency; me is the electron mass; mi is the ion mass; ky is
the wave vector in the poloidal direction; qs  cs =Xi is the
ion Larmor radius
withﬃ the electron (rather than the ion) tempﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
perature; cs  Te =mi is the speed of sound; Xi ¼ eB=mi is
the ion gyrofrequency; be ¼ l0 ne Te =B2 is the ratio of the
electron pressure to the magnetic pressure; l0 is the permeability of free space; ne is the electron density; Te is the electron temperature; B is the magnetic field intensity; and dB is
the magnetic fluctuation.
The magnetic drift frequency, xDe , for microtearing
modes can be written in terms of an average curvature


2ky qs cs r
1
xDe ¼
1 2 ;
R R
q
where R is the major radius to geometric center of the flux
surface, r is the distance from the geometric center to the
flux surface, and q is the safety factor. The electron diamagnetic drift frequency, xe , is given by
xe ¼ ky Te gne =eBR:
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The ratio of the electron temperature gradient,
gTe  R^
x  rTe =Te , and the electron density gradient,
gne  R^
x  rne =ne , is represented by ge, where
ge  gTe =gne ¼

ne x^  rTe
Te x^  rne

(2)

and where the unit vector x^ is in the radial direction.
The electron collision frequency ei is given by
h
i
3=2
;
ðk
T
Þ
ei ¼ 4ð2pÞ1=2 ne ðlnkÞe4 Zeff = 3ð4po Þ2 m1=2
b e
e
where lnk is the Coulomb logarithm, Zeff is the effective charge,
e0 is the permittivity of free space, and kb is the Boltzmann constant. The parallel propagation vector is given by
kk ¼

2 ky2
;
Ls kx2

where Ls ¼ Rq=^
s is the magnetic shear length with the magnetic shear given by s^ ¼ ðr=qÞðdq=drÞ.
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
The Alfven velocity in Eq. (1) isp
uAﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
¼ B= l0 ne mi , and
the electron thermal velocity is uth  Te =me . The last term
on the RHS of Eq. (1) is the nonlinear term in which
xkþk0 ¼ xk þ xk0 :
In Sec. II A, the dispersion relation is examined in the
limit of ei  x in order to determine a0 ; a1 , and a2 ; which
appear in Eq. (1). These factors are obtained by comparing
Eq. (3) (below) with kinetic Eq. (8) in Ref. 2.

A. High collisionality limit, mei  x

In the collision dominant limit, the nonlinear microtearing mode dispersion relation takes the form
"
#
me ky2 q2s
x þ ia0
ei
mi be
2 2
g xe ðx  xDe Þ xe  xDe kk uA
¼ xe ð1 þ ge Þ þ ia1 e
þi
ei
x
ei
2

2 X 
0

u
1  dBk0 
xe  xe
 k
:
ia2 ge th
ei k0 2  B
xk  xDek þ xk0  xDek0

(3)
When xDe ¼ 0 and kk ¼ 0, the fluid dispersion relation
in Eq. (3) is similar to the kinetic dispersion relation given in
Eq. (8) in Ref. 2. The parameters a0 ; a1 , and a2 are obtained
by comparing Eqs. (3) and (8) in Ref. 2
 
 
pﬃﬃﬃ
3 p
3
9
5
11
a0 ¼
; a1 ¼ C
; and
a2 ¼ C
:
8
8
2
6
2
Note: the numerical values of a0 ; a1 ; and a2 depend on
the choice of collision model. The values of the three a0 s
above correspond to the Lorentz collision model used in Ref.
2. The numerical values of the a0 s change if a different collision model is employed.
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B. Calculation of magnetic fluctuation and thermal
diffusivity

The linear growth rate will dominate initially but will
saturate when the growth rate becomes sufficiently large.
The saturation level is determined by examining the microtearing mode envelope equation
 
 
@ A^ 3
9 ge xe ðx  xDe Þ ^ 5
11
u2
A C
¼ C
ge th
ei
@t
8
2
ei
6
2
0
X  dBk0 2
xe  xe


^

 B  k x  x þ x 0  x 0 A:
k
Dek
k
0
Dek
k
(4)
The last term in Eq. (4) is a cubic nonlinear term, which
enters as a nonlinear frequency shift. The harmonic oscillations cancel due to the term that is proportional to jdBk0  kj2 .
Therefore, Eq. (4) is a nonlinear microtearing mode dispersion relation written as an envelope equation in time. The
envelope equation can be used to calculate the saturation
level of the microtearing instability. The solution of Eq. (4)
will provide the initial linear growth and the final stabilization. In order to solve Eq. (4), in principle, the spectrum of
magnetic fluctuations is needed. However, similar to the
treatment of drift waves, the use of the most unstable linear
growing microtearing mode is sufficient.
The nonlinear term in both Eqs. (1) and (4) scales as
k2 ve , where ve , the electron thermal diffusivity due to microtearing mode instabilities, is given by
ve ¼

u2th jdBj2
:
ei B2

(5)

The jdBj2 =B2 in Eq. (5) can be computed using the nonlinear
microtearing mode envelope equation [Eq. (4)]. Note that in
Ref. 2, jdBj=B is approximated as qe =LTe : However, the
computation of jdBj=B in Eq. (4) will depend upon the most
unstable eigenvalue as well as on its sideband in the ky
spectrum.
III. NUMERICAL RESULTS
A. Dependence of microtearing modes eigenvalues on
plasma parameters

A selection of results are presented in this section in
which linear microtearing mode eigenvalues are computed by
ignoring nonlinear term in Eq. (1). The dependence on the
wavenumber, ky qs , of the normalized growth rate (Rc=cs ) of
the most unstable microtearing mode and the normalized
microtearing mode real frequency (Rx=cs ), associated with
the most unstable mode, is shown in Fig. 1 for a selection of
normalized electron temperature gradient [defined in Eq. (2)],
ge ¼ 2:5; 5:0; and 10. The other plasma parameter values
correspond to a DIII-D L-mode like discharge are
R ¼ 1:68 m; rmin ¼ 0:50 m, q ¼ 3.5, B0 ¼ 1:6 T; ne ¼ 2:65
1019 m3 , Te ¼ 0:4 keV, Zeff ¼ 1:46; gTe ¼ 19:4, gne
¼ 3:91; be ¼ 0:01 kx ¼ 10 ky ; and ei ¼ 2:03  105 s1 .
It is shown in Fig. 1(a) that the maximum growth rate of
the most unstable microtearing mode occurs at ky qs  0:1. It

is also shown that the maximum growth rate increases as the
electron temperature gradient increases, indicating that these
modes are driven by the electron temperature gradient. Since
the maximum growth rate occurs for ky qs  0:1, the microtearing modes do not have the scale of electron temperature
gradient modes. Instead, the microtearing modes are a short
wavelength ion scale modes and are likely to coexist with
ion temperature gradient modes in tokamak discharges. In
addition, the microtearing modes are electromagnetic modes
since they result from electromagnetic effects included in the
derivation of the microtearing mode model.
In Fig. 1(b), it is shown that the microtearing mode real
frequency associated with the most unstable mode increases
with an increasing electron temperature gradient. The positive sign of the real frequency indicates that the microtearing
modes propagate in the electron diamagnetic drift direction.
The microtearing modes are found to be stabilized for both
shorter and longer wavelengths due to the effects of field line
bending included in the first term in Eq. (1). The bending
effects are found to be stronger at large values of ge resulting
in the cut-off in the microtearing mode growth rate occurring
at lower values in the ky qs spectrum. Consequently, large
electron temperature gradients can stabilize the short wavelength microtearing modes.
In Fig. 2, the dependence of the microtearing mode
growth rate of the most unstable mode and the associated
real frequency is shown as a function of ky qs for three values
of normalized density gradient, gne (dashed curves for
gne ¼ 7:82, solid lines for gne ¼ 3:91, and dashed-dotted
curves for gne ¼ 1:95). The maximum growth rate and the
associated real frequency are both found to increase with
increasing density gradient. As noted earlier, the growth rate
is found to peak in the vicinity of ky qs ¼ 0:1. The cut-off in
the growth rate of the microtearing modes occurs at larger
values in the ky qs spectrum as the electron density gradient
increases. This is in contrast with the cut-off occurring at
lower values in the ky qs spectrum as the electron temperature
gradient increases. Since the location of the largest growth
rate of the most unstable microtearing mode remains at
ky qs  0:1 in the ky qs spectrum, the location is relatively
insensitive to the value of the electron temperature gradient,
ge , and electron density gradient, gne .
The dependence of the growth rate of the most unstable
microtearing mode and the associated frequency is shown in
Fig. 3 as a function of normalized wavenumber for different
values of collision frequency (dashed curves for 0.5 ei ; solid
curves for ei ; and dashed-dotted curves for 2.0 ei , where the
magnitude of the collision frequency is ei ¼ 2:03  105 s1 ).
The maximum microtearing mode growth rate is found to
decrease with increasing collision frequency. Also, it is seen
that, as the collision frequency increases, both the most unstable mode and the cut-off occur at lower values of ky qs . For
the range of collision frequencies considered, the real frequency, associated with the most unstable microtearing mode,
is shown to have a weak dependence on collision frequency.
In Fig. 4, the dependence of microtearing mode growth
rate of the most unstable mode and the associated frequency
are presented as a function of normalized collision frequency
(Rei =cs ) for different values of normalized electron
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FIG. 1. (a) Normalized growth rate of the fastest growing mode and (b) the normalized real frequency, associated with that mode, as a function of ky qs for different values of ge with R ¼ 1:68 m; rmin ¼ 0:50 m, q ¼ 3.5, B0 ¼ 1:6 T, ne ¼ 2:65  1019 m3 ; Te ¼ 0:4 keV; Zeff ¼ 1:46; gTe ¼ 19:4; gne ¼ 3:91; be ¼
0:01; kx ¼ 10 ky ; and ei ¼ 2:03  105 s1 .

FIG. 2. (a) Normalized growth rate of the most unstable mode and (b) the associated normalized real frequency as a function of ky qs for different values of norx  rne =ne . The other plasma parameters are the same as those used in Fig. 1.
malized density gradient gne  R^

temperature gradient. It is found that the microtearing mode
growth rate and corresponding real frequency both increase
as the electron temperature gradient increases. Also, the
maximum growth rate occurs at a higher normalized collision frequency as the electron temperature gradient
increases. Both small and large collisionality are found to be
stabilizing.

The growth rate of the most unstable microtearing mode
and real frequency associated with that mode are plotted in
Fig. 5 as a function of ge for three values of electron collision
frequency (dashed curves for e ¼ 0:2ei ; dotted-dashed
curves for e ¼ 0:5ei ; and solid curves for e ¼ ei ; where
ei ¼ 2:03  105 s1 ). The destabilizing effect of increasing
normalized electron temperature gradient, ge , is shown in

FIG. 3. (a) Normalized growth rate of the fastest growing microtearing mode and (b) the normalized real frequency as a function of ky qs for different values of
collision frequency. The dashed curves are for 0.5 ei ; the solid curves are for ei ; and the dashed-dotted curves are for 2.0 ei ; where ei ¼ 2:03  105 s1 . The
other plasma parameters are the same as those used in Fig. 1.
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FIG. 4. (a) The normalized growth rate of the most unstable microtearing mode and (b) the normalized real frequency associated with that mode are plotted as
a function of R ei =cs for different values of ge . For the results shown kx ¼ 40ky . The other values are the same as those used in Fig. 1.

FIG. 5. (a) The dependence of the normalized growth rate of the most unstable microtearing mode and (b) the associated normalized frequency are shown as a
function of the temperature gradient, ge . The dashed curves are for 0.2 ei ; the dotted-dashed curves are for 0.5 ei ; and the solid curves are for ei where
ei ¼ 2:03  105 s1 . The plots are obtained with ky qs ¼ 0:1 and with kx qs ¼ 4:0: The other parameters used in obtaining the plots are the same as those used
in Fig. 1.

Fig. 5. Also shown is that ge > 0 is required for the microtearing mode instability and that the threshold in ge increases
as e increases.
For the most unstable microtearing mode, the normalized microtearing mode growth rate, Rc=cs (solid line), and
associated normalized microtearing mode real frequency,
Rx=cs (dashed line), are shown as a function of normalized

density gradient in Fig. 6(a) and as a function of plasma be
in Fig. 6(b). The growth rate and real frequency both
increase with increasing density gradient. When varying the
normalized density gradient, gne , the normalized temperature
gradient, gTe , is kept fixed. The effects of density gradient on
MTM modes are found to be destabilizing due to the inclusion of electrostatic potential perturbation in the MTM

FIG. 6. (a) Normalized microtearing mode growth rate, Rc=cs (solid line) and normalized microtearing modes real frequency, Rx=cs (dashed line) for the most
unstable microtearing mode as a function of normalized density gradient, gne and (b) as a function of plasma be. For the result shown ky qs ¼ 0:1 and
kx qs ¼ 0:5. The other parameters are the same as those used in Fig. 1.
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FIG. 7. (a) Normalized growth rate of most unstable microtearing mode and associated normalized real frequency as a function of safety factor, q and (b) as a
function of shear, ðR=qÞdq=dr. The plots are obtained for ky qs ¼ 0:1, for kx qs ¼ 1:0, and for rmin ¼ 0:38 m. The other parameters are the same as those used in
Fig. 1.

model. For low values of plasma be, the growth rate and real
frequency both increase with increasing be but then both saturate for higher values of be.
The normalized growth rate of the most unstable microtearing mode and the associated real frequency are shown as
a function of the safety factor, q, in Fig. 7(a), and as a function of magnetic shear, ðR=qÞdq=dr, in Fig. 7(b). Note that
these results are obtained for rmin ¼ 0:38 m, whereas in Figs.
1–6, results are presented for rmin ¼ 0:5 m. The safety factor
and shear both enter in the calculation of parallel

wavevector, kk . The safety factor also enters in the average
curvature formula. The increase in the value of the safety
factor is found to be stabilizing for the microtearing mode,
whereas the increase in the value of the magnetic shear is
found to be destabilizing. This is in contrast to the ITG and
TEM modes where the increase in the magnetic shear is
found to be stabilizing. The destabilization of microtearing
modes with the increase in magnetic shear can be used to
distinguish microtearing modes from other drift modes like
ITG and TEM modes.

FIG. 8. (a) The equilibrium DIII-D L-mode tokamak profiles, magnetic-q, electron temperature (Te ), and electron density (ne;19 ). (b) Normalized microtearing
mode growth rate of most unstable mode, Rc=cs and associated normalized microtearing mode real frequency, Rx=cs . (c) The values of ky qs associated with
each microtearing mode growth rate and real frequency are plotted as function of radius.
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FIG. 9. (a) The normalized magnetic fluctuations are plotted as a function of radius for (a) x ¼ xe ð1 þ ge Þ, (b) x ¼ xr (dashed line), and for x ¼ xr þ ic
(solid line) for DIII-D L-mode tokamak.

In Fig. 8(a), the magnetic-q, electron temperature, and
electron density profiles are plotted for a DIII-D L-mode tokamak discharge. In Fig. 8(b), the normalized wavenumber,
ky qs , is set equal 0.1 and for each value of rmin , the DIII-D
equilibrium values are used in obtaining the maximum value
of the most unstable microtearing mode and the associated
real frequency. For Fig. 8(c), the constraint of ky qs ¼ 0:1 is
removed and for each value of rmin , a scan over ky qs is carried
out to determine the value of ky qs associated with the most
unstable mode. The value obtained for ky qs as well as the normalized maximum growth rate and associated normalize real
frequency are plotted in Fig. 8(c) as a function of rmin .
In contrast to the fixed ky qs ¼ 0:1 case shown in Fig.
8(b), the microtearing modes are found to be unstable even
in the edge region rmin 0:53 for the values of ky qs associated at each radius with the most unstable microtearing
mode. The values of ky qs 0:5, associated with the most
unstable microtearing mode at each radius, indicate that
these unstable modes are ion scale modes over the whole
plasma radius including the plasma core region.
B. Magnetic fluctuations and resulting electron
thermal diffusivity for L- and H-mode like tokamak
discharges

In Ref. 2, the unstable microtearing modes are assumed
to saturate at jdBj=B ¼ qe =LTe ; the ratio of electron

gyroradius to the electron temperature scale length. In contrast, the computation of magnetic fluctuations here makes
use of the nonlinear microtearing mode envelope equation
[Eq. (4)].
The dependence of the square of the magnetic fluctuation strength due to microtearing mode as a function of
radius is plotted in Fig. 9 for DIII-D L-mode discharge. In
order to compute the strength of the magnetic fluctuations,
the x in Eq. (4) is calculated in three different ways: (1)
x ¼ xe ð1 þ ge Þ; (2) the real frequency, xr, is used; and
(3) the eigenvalue x ¼ xr þ ic is utilized. The choice of
using x ¼ xe ð1 þ ge Þ in calculating the magnetic fluctuations was proposed in Ref. 2. Since this frequency is not
complex but real, the choice of using only the real part of
the complex frequency derived using the microtearing
mode model described in Ref. 21 is considered. In comparison, the third choice uses the derived complex
frequency.
The magnetic fluctuations in Fig. 9(a) are found in the
whole radius for the case of x ¼ xe ð1 þ ge Þ. Moreover, the
magnetic fluctuations are found to be increasing toward the
edge. In the case of using the real or the complex frequency,
the magnetic fluctuations disappear in the core region,
rmin 0:22. The magnetic fluctuations are only found in the
region, rmin 0:22. However, the strength of magnetic fluctuations is found to be weaker with the choice of using the

FIG. 10. (a) The electron thermal diffusivity, ve due to the magnetic fluctuations calculated using x ¼ xe ð1 þ ge Þ, (b) x ¼ xr (dashed line), and x ¼ xr þ ic
(solid line) are plotted as a function of radius.
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FIG. 11. (a) Equilibrium DIII-D H-mode tokamak profiles, magnetic-q, electron temperature (Te ) and electron density (ne;19 ). (b) Normalized microtearing
mode real frequency, Rx=cs (dashed line), normalized microtearing mode growth rate, Rc=cs (solid line), and the corresponding ky qs (dotted-dashed). (c)
Square of a normalized magnetic fluctuation strength. (d) Electron thermal diffusivity (ve ) is plotted as a function of radius for parameters kx ¼ 5ky .

eigenvalue than using x ¼ xe ð1 þ ge Þ. There is no diagnostic on any tokamak is available at present to measure the
internal magnetic field fluctuations and to compare it with
the computed magnetic fluctuations.
In Fig. 10, the electron thermal diffusivity, ve ðm2 =sÞ,
due to the saturated microtearing mode is computed as a
function of radius by utilizing Eq. (5) for the choice of
x ¼ xe ð1 þ ge Þ; x ¼ xr , and for x ¼ xr þ ic. The ve is
found to be small at the edge region of plasma as a result of
a large collisionality. The ve is found to the order of
0:02 m2 =s with the choice of x being complex value, while
it is at the order of 1:0 m2 =s in the core region of plasma
with the choice of x ¼ xe ð1 þ ge Þ.
In Fig. 11(a), the magnetic-q, temperature, and density
in DIII-D H-mode tokamak discharge are shown. The microtearing mode normalized real frequency, normalized growth
rate, and the corresponding normalized wavenumber, ky qs ,
are plotted as a function of radius in Fig. 11(b). The whole
radius of H-mode discharge is found to be microtearing
mode unstable. The growth rate is found to be large in the
pedestal region and it is found to be increasing toward the
edge. However, the corresponding ky qs values decrease with
increasing radius. The magnetic fluctuations and the thermal
diffusivity shown in Figs. 11(c) and 11(d) are found to be
large at the top of the temperature and density pedestals. The
large values of magnetic fluctuations and diffusivity in the
pedestal region can be due to a large temperature and density
gradients.

IV. SUMMARY

Microtearing modes have been identified as a source of
significant electron thermal transport in tokamak discharges.
A reduced model for microtearing modes in integrated predictive modeling codes is developed. The goal is to improve
the prediction of electron thermal transport and, consequently, the prediction of the evolution of the plasma in devices in which microtearing modes have a significant role. A
unified fluid/kinetic approach is used in the development of a
nonlinear model for the transport driven by microtearing
modes.
The dependence of microtearing modes real frequency
and growth rate on plasma parameters including wavenumber, collision frequency, temperature gradient, magnetic-q,
magnetic shear, density gradient, and plasma beta are presented. The dependence of microtearing mode real frequency, growth rate, magnetic fluctuation, and electron
thermal diffusivity on DIII-D L-mode and H-mode plasma is
also shown. Most unstable microtearing modes are found for
ky qs 0:5, which indicates that microtearing modes are an
ion scale electromagnetic instability that is driven by ge .
Instability threshold in ge is found to be dependent on collision frequency. Modes are found to be stabilizing for both
shorter and longer wavelengths due to the effects of field line
bending. Large values of ge can be stabilizing for short
wavelength modes. The frequency of the microtearing mode
generally increases and decreases as the growth rate
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increases and decreases. The dependence of fastest growing
microtearing mode on wavenumber with varying collisionality is found to be strong. The most unstable mode in the ky
spectrum shifts toward the lower values of ky qs with the
increase in collision frequency. Microtearing mode growth
rate increases with decreasing values of safety factor. The
effects of increasing magnetic shear are found to be destabilizing, in contrast to the ITG/TEM modes, where the increase
in magnetic shear is stabilizing. The growth rate and real frequency increase with increasing density gradients and
plasma be.
The magnetic fluctuation strength which depends upon
the most unstable eigenvalues as well as on their sidebands
in the ky spectrum is computed using the L- and H-mode
DIII-D profiles. The electron thermal diffusivity that occurs
due to the magnetic fluctuations is found to be maximum in
the region of moderate collisionality. The magnetic fluctuations and the thermal diffusivity are found to be large at the
top of the temperature and density pedestals due to a large
value of temperature and density gradients.
A preliminary study of microtearing mode growth rate
and real frequency as a function of ky qs , for plasma parameters appropriate for high collisionality NSTX discharges, is
being carried out using the reduced MTM transport model.
The results obtained are compared and found to be consistent
with the microtearing mode results obtained using the gyrokinetic GYRO code. It is planned that these verification
results along with other verification and validation results of
NSTX discharges will be reported in a future publication.
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