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Main Results: Negative Central Shear Plasma

Reduces Transport and Turbulence at T, /T.~1

Conclusions Change in y with ECH
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Background: Negative, Zero, Small Positive Shear

Predicted to Have Transport Benefits
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- Negative magnetic shear twists eddy to

the good curvature direction
=> stabilize turbulence

[T. M. Anfonsen, PoP1996]  Negative, Zero, Small positive shears
have lower linear growth rates
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Investigated Transport Degradation with

Electron Heating for Different Magnetic Shears

DIlI-D experiment

- Positive Shear (PS) and Negative Central i
Shear (NCS) quasi-steady-state operations 2

—P=12MA,Br=19T, qos =446 1l
— PNB ~ 6.4 MW, PECH ~ 3.2 MW at p~0.3-0.5 0 I
— ELMy H-mode, modest ITB, pN~2.2-2.7 I

0 02 04p0 .6 08 1
 NCS plasma had lower magnetic shear ()

relative to PS plasma T./T.
NCS, PS €, !

— Smaller magnetic shear can be beneficial (p~0.3-0.8)
w/o ECH ~0.8
w/ ECH ~1.1
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DIll-D and JT-60U Observed T, Reduction in

Positive Shear Plasmas as T./T; Increased

- Core-T,reduces in PS on 8 :
both DIIl-D and JT-60U as  _f T (keV)] 12¢ i T; (keV)
T./T,increases 6 ?1! = w/o ECH - % =

— ng reduction is ~20% in : E.I! ° WIECH | g l.'
DIII-D, ~10% in JT-60U E | R ;- -:.
2| af "ag
% i- “a
T/, pii-p | Jt-6ou | 9O: ! —
W/oECH | 0.8 0.7 : 12}
w/ ECH 1.1 1.0 4 :

003 ea e 0s ] %03 0.40.6°0.8 1

P
. DHI-D /BT S MA/ST T,
PNB~17.1 MW, PEC~2.7 MW in JT-60U



DIllI-D and JT-60U Observed T, Profile Maintained in

Negative Central Shear Plasmas as T./T; Increased

- T, profile is maintainedin 8
NCS on both DIII-D and JT- 12} T; (keV)
60U as T_/T, increases 6 e :

— ng reduction is ~10% in 4 8f fy =, ]
DIll-D, no reduction in JT- - .
60U 5 af R
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DIlI-D and JT-60U Demonstrated NCS Minimizes

Confinement Degradation as T_/T; Increased

DIlI-D
 lon and elec.’rron therr.nal diffusivities = Change in % w“h ECH
significantly increase in PS plasma Q 4r Jpassy
o B I "N ]
- The confinement degradation is mitigated z 3t S .
in NCS plasma across the profile P S NCS ]
- Higher improved confinement factor is \5; 1 :/\ _____ i
maintained in NCS plasma | " i i
: : 3 0L Lo
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Magnetic Shear Effect on Transport was Assessed

Using a Suite of Fluctuation Measurements

BES: low-k n,
DBS: intermediate-k n,
PCI: intermediate to high-k n,

RN CECE: low-k fe
R AR CECE
I/ |\-\I : |

" DBS

- Show data outside of q,,,;,, mainly
— Low signal levels inside of g,

£ ! i .:!i:'

LY
1

PCI

Iy 4 — Transport differences across the profile

k: wavenumber



Low-k Density Fluctuations Increase Less in

NCS Plasma with Increasing T_/T,

PS plasma NCS plasma
— ke o I(9 BES, keps<1
L 8 e ——High TJ/T <& 8 e
% - igh 1/1; = 5/
QSO A A | Low T,/T, 256 Ne/Ne (righ Te/my
g %4 E \C_G, 4 2 ne/ne {Low Te/Ti}
8 £ g <
-g lsz -g sz 2
=2 0 = 0 :
LL 150 250 350 450 LL 150 250 350 450
Frequency (kHz) Frequency (kHz)
« Low-k density fluctuations increase with 0 NCS plasma
increasing T_/T, Yiin (105 /s) ngh TT

— Low-k fluctuations typically reflect ITG/TEM
— GK predicts linear growth rates increase
* Increase in frequency-integrated

fluctuations is ~24% in NCS plasma,
g 5t
smaller than PS plasma of ~53% s kv code

D"’-D ITG: lon Temperature Gradient mode
R TEM: Trapped Electron Mode



Modest Increase in Low-k Fluctuations

Correlates with Modest Increase in Transport
Change in n_./n_ with ECH

* Increase in broadband turbulent

fluctuations with increasing T./T; in gl g 2.0 SRR
the NCS plasma was smaller than 2l ek ;
. o 2 3 PS E
that in the PS plasma | = 1.5F A £
— Smaller low-k furbulence (TG/TEM) £ . 3
accounts for higher confinementin = &2’ - ® NCS 4
NCS pl T /T~ WiW ok iy,
plasma at To/T 0557040 08
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T. Fluctuations are Excited in the Outer Region

with Increasing T_/T.

. . . NCS plasma
- T, fluctuations in the outer region, T fluctuati P CECE
accompanying n, fluctuations 5 20 uctuation
around =200 kHz 2
— No clear broadband T, e
fluctuations in the inner region 2% 10 j
— Consistent with thermal transport _,S > i
in outer region being enhanced 3Z & A gatistical
by low-k fluctuations o ol i noise level
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Intermediate-k Density Fluctuations Altered

with Increasing T_/T.

NCS plasma
- Wavenumber at a given frequency Maximum wavenumber of n,
increases with increasing T_/T, 12 ,' '
o . — High T_/T, I
— Possible indication of change in c T
TEM/ETG stability T gl oW/
2
« GK simulations predict switch of 4
dominant mode from ITG to TEM ' PC]

k) ~0.3-5, p>0.4
|
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Intermediate-k Density Fluctuations Decrease in

Ovuter Region with Increasing T /T,

PS plasma NCS plasma
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- Intermediate-k fluctuations decrease with T_/T, in the outer region
— Consistent observation in PCI
* No significant difference between the PS and NCS plasmas

— Multi-scale interactions may play a significant role in determining
saturated turbulence amplitudes
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Fluctuation Measurements Lead to Better

Understanding of the Magnetic Shear Effect

As T_/T.increases

- Fluctuations Gyrokinetic simulations

« Mitigated - Smaller increase in « Smaller increase in
plasma across the low-k fluctuation Yhin
profile
* Move to higher-k « Change in TEM/ETG
stability

» T, fluctuations in
outer region

* Intermediate-k * Intermediate-k
decrease with ECH increase with ECH
PS * Increase - Larger increase in « Larger increase in y;,
plasma significantly low-k fluctuations
* Intermediate-k * Intermediate-k
decrease with ECH increase with ECH
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Summary: DIII-D and JT-60U Show NCS Minimizes

Confinement Degradation Relative to PS at T_/T.~1
Chcmge in n_/n_ with ECH

- Benefit of NCS extends outside q,,,, 2.0 e
* DIII-D shows smaller rise in low-k E
turbulent fluctuations in NCS plasmas 1 sE R
L A E
* In NCS plasmas, increase in T_/T, results d ® o NCS 3
in smaller change in GK linear growth A
rates and less increase in ion/electron 1055504008
thermal transport P
Change in ;(, with T /T
4 rrr [ rrrqt T T
3: . I TN P-s- :
Contribute to improve confinement with 2[ S Ncs ]
controlled magnetic shear in ITER and DEMO T //f\ T
advanced scenarios L 190 ]
oL / ;qmm
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Increase in T_/T; results in smaller change in GK

linear growth rates in NCS plasmas
Positive shear Negative shear

2 105 =046 .o, T T,
* low T /T,
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