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 Reduced core electron temperature fluctuations
in H and QH-Mode plasmas (ITG scale, k,r, < 0.5)
— Principle of Correlation-ECE Diagnostic (CECE])
— Experimental Results/TGLF Linear Stability Results

 Intermediate scale fluctuations are significantly
reduced across the L-H Transition
— Principle of Doppler Backscattering Diagnostic (DBS)

— Intermediate-k Fluctuation Levels/TGLF Results

* Interaction of Zonal Flows with Intermediate-k

fluctuations

— GAM and ZF Spectra in DII-D

— Modulation of density fluctuations
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Motivation

Electron transport and electron channel physics
is important in burning plasmas
(T, 2 T;: a particles mainly heat electrons)

Contribution of Te fluctuations to core plasma transport
has not been investigated previously

Electron transport driven by ETG/TEM modes can
be dominant once ITG turbulence (k,r, < 0.5)
is quenched in H-Mode (x; ~ x; .,)

Combined ETG/TEM Gyrokinetic Simulations
show large scale radial structures (streamers) and
significant electron heat transport at intermediate/

high wavenumber (k, r, 21).

DIlI-D

NATIONAL FUSION FACILITY L Schmitz/IAEA/Oct2008 359-08/LS/rs

SSSSSSSS



Correlation Electron Cyclotron Emission (CECE) diagnostic

measvures local, low-k electron temperature fluctuations
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Correlation ECE data show a substantial decrease (>75%)

in T_/T, at the L-H transition and during QH-mode*
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+ L. Schmitz, A.E. White, ef al.,
Phys. Rev. Lett. 100, (2008)

*A.E. White, L. Schmitz, et al., =
Phys. Plasmas (2008 -
4 ( ) “\_q, Staftistical
Significance
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CECE correlation coefficient (~Te/Te) and cross-power

spectra decrease across L-H fransition
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Linear Stability Calculations (TGLF) indicate that ITG modes

are quenched in QH-mode but TEM/ETG persist for kr, > 0.6

R/L;c=6.3 R/, ,=1.5 R/,,=1 R/L.=4
05 L-mode 05 -y
e
0.4- p=07 041 vy
c()o 03‘ c)w 03 .
S 3 QH-mode
0.1 014 T Tt TTT Ol Wg,a/Cs
. OeWegalCs |
oi g W ; _ : T 0 =ERE, T T T
0 0.4 0.8 1.2 1.6 2 0 0.4 0.8 1.2 1.6 2
kBpS keps
ITG and TEM/ETG linear growth #125730 In QH-Mode, kr, > 0.6 is sfill
rate exceed flux-surface-averaged expected unstable
ExB shearing rate wg=0.3 k'2<wg ¢> Wavenumber range
in L-mode accessible to CECE

Conclusion: Electron Temperature fluctuations are feature of ITG
DIn-pD modes, possibly due to non-adiabatic electron response

NATIONAL FUSION FACINTY L Schmitz/IAEA/Oct2008 359-08/LS/rs

SSSSSSSS



In QH-mode, the eleciron heat diffusivity is significantly

reduced across the minor radius

Eleciron heat flux due to temperature and density
fluctuations depends on the relative phasing of T,n, and E,;:

Q' =3/2nk,T.IB.(<(TJT)E, > + <(n/n) E, >)

T T T T T T T T T T

— M L-mode (725 ms)

E --- O QH-mode (2500 ms)

Recent GYRO simulations show a0k _ 8

that 7, can contribute substantially
(> 50%) to L-mode electron heat
tfransport.*

*(A.E. White et al. Phys
Plasmas 15, 2008)

1.0

Diln-D

NATIONAL FUSION FACINTY L Schmitz/IAEA/Oct2008 359-08/LS/rs

SSSSSSSS



Intermediate/ high-k turbulence may drive 50% or more

of the eleciron heat flux once ITG modes are suppressed

Coupled TEM/ETG simulation S§
(ITG linearly stable): 70% of ?Q
electron heat flux driven !
for kor 2 0.5. —
(T. Goerler and F. Jenko, PRL 100, ;S
185002, 2008). —
] Wavenumber >i
range ~<
accessible by
DBS
TGLF (Trapped gyro-Landau  DIIl-D #96660 [y
fluid) simulation: SHt=2.75s [,
50% of H-mode electron heat ' ’

flux in DIII-D is driven by high
-k modes

(J. Kinsey, Phys. Plasmas 15,
055908, 2008).

X (m?7s)
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Doppler Backscattering Diagnostic (DBS) measures

intermediate scale density fluctuations (0.5 <k,r.< 4)

X-Mode cutoff Sgga(irtitrgre
\Eguzzc Sggceive Tunable Sources
Antenna I} 1Q 12,916 Grz
Flat mirror Lens B

- 44—x4
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'\4\
Parabolic mirror
Adjustable 7-13° Radial resolution <1 cm

Wavenumber resolution:

Ak, ~242/W, <1.5cm
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Principle of Doppler Backscattering (DBS)

X-mode cutoff layer w =

W,
/ Backscattering off density

fluctuations with k, = -2k = 2k,

kq i AN k
ki Poloidal turbulence velocity obtained
r from frequency shift:
x Vfl =VExB +Vph = wDoppIer / 2ki
A GENRAY Ray Tracing is used to determine
Backscattering location and k; = n k.
w, Kk
e
0.8¢
kq= _2kr N o6l

0.4
0.2}
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Low and intermediate-k fluctuation spectra

for low rotation L-H transition
Doppler Backscattering (k, ~ 3.5-5cm') BES (k,<3cm)
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DBS shows 30-80% reduction of intermediate-k

fluctuations across the L-H transition
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Very pronounced fluctuation reduction in low-density, counter

-injected QH-mode plasma (suppression forr/a < 0.5)
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Largest reduction of H and QH-mode fluctuation level

is found in pedestal region and inner core (r/a <0.5)

e |-Mode
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0.1 QrHode 4 @

0.01 %

The probed k| r,
increases towards the
plasma center: 0.001
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Fluctuation levels need %ﬂ
be be normalized since 0.0001
fluctuation spectrum
is predicted to scale*
as n/n~ (k r)7/4
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i
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i

*P. Hennequin, R. Sabot, et al.,
PPCF 46, B121 (2004).
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Profile of normalized fluctuation level based on

scaling n/n ~ (k, r))7/4

ﬁ/n = ﬁ/nmeas. ¥ (kJ_ pS)7/4
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Linear stability calculations (TGLF) indicate intermediate

scale stability in QH-mode core plasma (kr, < 3)

R/L=4.3 R/L= 2
R/L,=2 R/IL,=1.7
L-mode p=0.4
| QH-mode

keps

Most unstable mode is shown.
TEM/ETG is marginally stable

forr/a=0.4 (kr, < 3).

Shearing rate:
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Generation of Zonal Flows and interaction with

turbulence
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Observation of GAMs and Low Frequency Zonal Flows (ZF)

in DIII-D L-Mode Plasma by Doppler Backscattering
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Strong Zonal Flows modulate Intermediate-scale

density fluctuation amplitude

Correlation Coefficient (n,v)
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Low frequency flow fluctuations v: 0.2-3 kHz
High frequency density fluctuation amplitude
A 7.5-75 kHz

e Strong Anticorrelation
between flow and density

fluctuation envelope in
L-mode core plasma.

Density fluctuation probed poloidal
wavenumber: k, ~ 5 cm"

Dill-D #129131

NATIONAL FUSION FACILITY L Schmitz/IAEA/Oct2008 359_08/LS/rS

SSSSSSSS




Reduced fluctuation level and enhanced Zonal

Flow shear in H-Mode (core plasma)

L-Mode H-Mode
Fluctuation Level Fluctuation Level
2 | “ N 20
- , " . £
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Summary

e Electron temperature fluctuations in the ITG regime are substantially
reduced in H/QH-mode as large-scale turbulence is shear-stabilized.

* |Intermediate scale turbulence is observed to be suppressed in the
core of low density counter-injected H- and QH-mode plasmas and is
reduced forr/a > 0.5, in agreement with TGLF linear stability
calculations. Moderate turbulence reduction has been observed at

the L-H transition in other plasma regimes for r/a > 0.5. The reduction
is most pronounced at the top of the pedestal.

* Transport Calculations with TGLF/XPTOR and GYRO simulations are in
progress to obtain estimates for the contribution of low-k and
infermediate-k modes to electron heat loss in L/H-mode.

 Experiments have started to investigate the role of Zonal Flows and
Zonal Flow Shear for intermediate-scale turbulence regulation. A
4-channel DBS system has been implemented at DIlI-D to obtain

simultaneous radial profiles of flows and fluctuation levels with high
time resolution.
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