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€ Background and motivations
@ The CXRS on the HL-2A

@ Observation of the ITB

€ Summary
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Background and Motivations
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Background and Motivations

@ The fusion power plant requires an operating point
characterized by high beta, high energy containment time,
and a large fraction of bootstrap current;

@ The plasma possessing internal transport barriers (ITBs) is a
basis for the steady state operation of a tokamak power
plant;

@ Discharge with ITB is a promising candidate regime for
ITER.
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The CXRS System

@ The system consists of the

collection optics, fibers, spectrometer

(F/2.8) and data acquisition system;

@ Double-slit incidence fiber bundle;

@ The grating with 2160g/mm (about
0.011nm/pixel@530nm);

Andor Model: DU-897D-CS0-BV

Interference Filter (FWHM 2.2nm) ‘32/64 Channe|S are avallable

Camera Lens(f=400mm, F=2 8)
e ¥ @ Frequency higher than 400 Hz;
@ ofFivars | €200 Hz of T; & V, measurement are
heryan. | T [1] Yu D L, RSI., 85 11E402(2014)

realized.
[2] Wei Y L,RSI., 85 103503(2014 _—
e S S —
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The features of the ITB
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€ The ion temperature gradient becomes steeper when the stored plasma energy
IS higher;
@ The gradient becomes steeper and the stored energy increases when the
sawtooth disappeared.
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parison between sawtooth and LLLM

1.9

co &T:(;FO) @1.2

T (keV)

®)

y 1.6

~ #24885
p=0 1.2

p=0.5

5
V, (107 m/s)

\MM

ratio
O W o N W ot e N =

_ V. (p=0)/V (p=0.5) (c L ;
< -
o
%’ﬁ*so e T g
P
Js 1.0 1.2
t(s)

n,=1.5x101° m=3

n,=1.1X101° m=3

@ The steady state of the ITB
can be obtained for the plasmas
without sawtooth;

@ The ion temperature and
toroidal rotation oscillate in the
plasma core;

# The ion temperature is higher
than that of electron in the
plasma core;

@ The ion temperature of
sawtooth plasma can be as high
as that of the long-lasting mode,
but the peakness Is not.

SWIpP

Southwestern Institute of Physics



Formation of the ITB
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€ The ITB forms right after the
small size long lived mode;
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€ From the ion temperature and
toroidal rotation, the ITB forms

at ~535 ms;

@ The plasma density peaked in
the core during the ITB formation.
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e q—l su rfaces of sawtooth discharge
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@ Estimated by the sawtooth crash, the width between the g=1 surfaces
Increases at the beginning of the NBI;

@ The width will decrease if the ECRH is Iaunched

€ Duration for the width increase of g=1 su
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The ITB foot (1)
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€ The ITB formation is LLM (fishbone oscillations) accompanying;
€ From the ECE and CXRS, the ITB foot locates at the q=1 surface.
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The ITB foot (2)
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[ @ The LLM seems partly to be
2
SISI\ L7 /- suppressed by the ECRH;
=)
oo, r3-3om | @ECRH controls the ITB foot by
o
409 r changing the g= 1surfacelpost|on
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ECRH controlling the ITB
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€ The LLM/fishbone can survive whereas the ITB is
suppressed by the ECRH.
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@ The ITBs can be developed in discharges 3
with LLM ( fishbone oscillations)

indicating the safety factor profile plays a~ 2
very important role in the ITB formation.

® The q profiles during LLM (fishbone 1

oscillations) is slightly wider during the 04 -02 0 02 04
NBI. r (m)
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The critical value of R/L+;
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@ The critical value of R/L;; from 16 shots (~490 data) have been

compared;
@ The R/L;; with EPM ( long lasting modes and fishbone
oscillations) are higher than the others.
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onfinement outside the g=1 surfaces
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@ The Ti (0) increases with the R/Ly;, whereas the T; (r/a=0.5) decrease
when the R/Ls; Is higher than 16;

@ The R/L(~0.5) features the same trend, the mechanism is not
known. e
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ence of temperature ratio on ITB formation
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@ The R/L;; decreases with the temperature ratio (T,(0)/T,(0));
@ The critical value of R/Ly; is higher than16 when the ratio is
less than 1.
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y . of the ITB
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@ The ion thermal diffusivity can be as low as neoclassical level.
€ The ITBs can be more easily formed at the beginning of the

NBI heating phase. A

time(ms) 00105
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€ The ITB can be developed with very low NBI power;

€ The ITB foot locates at q=1 surface;

& The ITB features EPM (LLM and fishbone oscillations) indicating
the weakly positive or negative magnetic shear can be helpful to the
ITB formation;

€ The ITB formation is closely related to current drive of the NBI;

€ The ITB can be more frequently observed at the beginning of the
NBI heating;

€ The temperature ratio plays an important role in the ITB formation.
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Thank you for your attention!




