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K3} e Brief Introduction of Density Limit
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K3} e Brief Introduction of AITG/KBM
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B AITG/KBMs are instabilities driven by the magnetic field curvature and plasma pressure gradient
considering the various Kinetics effects, such as FLR, etc.

B At weak positive/negative shear s~0, the first threshold of alpha becomes very small or vanishes and
the AITG/KBM is unstable in the region O<alpha<1.0.

B® For equilibriums with reverse shear where q,,,;, is off axis and alpha,,, near g, the existence of an
unstable low-n global branch of AITG and trapped electron dynamics can further destabilize it.

B The growth rate of AITGs depends on the magnetic shear and is strongly affected by Shafranov shifts.
A. Hirose, PRL94&96&FPoP03. Ganesh&Vaclavik, PRLO5.  Dong, PoP04, Ganesh, PoP0O4. - >
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K3 o AITG/KBM before disruptions in Ohmic Plasmas
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g;z Ecﬂﬁﬁ Density Limit Disruptions Induced by Kinetic MHD Instabilities(1/3)
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g;z paicz =l Density Limit Disruptions Induced by Kinetic MHD Instabilities(2/3)
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g;z Ecﬂﬁﬁ Density Limit Disruptions Induced by Kinetic MHD Instabilities(3/3)
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g D& SR G Ti Evolution with Kinetic MHD Instabilities
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g Ecﬂﬁﬁc Measurement and Observation by Different Diagnostics
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B By magnetic pick-up probes
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g. Egﬁﬁ@ Measurement and Determination of Mode-numbers
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g gﬂzﬁ Interpretation of MHD Instabilities by GENE Simulation and GFLDR
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g Ecﬂﬁﬁ Different Patterns of AITG/KBM Frequencies
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53 pz =l TM Responses Associated with AITG/KBMs and Disruptions
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K3 s Density Regime with Kinetic MHD Instabilities

Hugill diagram
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g L0 5= 1 AITG/KBM Instabilities Interaction with Energetic-ions
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B Mode frequency appears nonlinear chirping in higher NBI heating power, namely,

existence of wave-particle resonance. KBM+EP->EPM, Tsai&Chen, Phys. Flui 3284 (1923
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g gﬁﬁ Particle Transport and Density-limit Disruption by AITG/KBM Instabilities

B dne/dt>0->dne/dt~0 at t~1140ms and at
t~1440ms, it indicates that AITG/KBM
Instabilities induce particle transport
outward in radial direction.
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lon Heat Transport and Ti-profile Collapse by AITG/KBM Instabilities
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With core Ti&ne increasing, AITG/KBM
instabilities are excited, therewith the core
Ti drops and Ti-profiles collapse, and
large-radius ITBs form in this process.

It indicates that these instabilities induce
strong ion heat transport.

0
1440

N

1475

1445 1450 1455 1465 1470 1480

ENINLC

China National Nuciear Corporation



K3 o mE Discussion of AITG/KBM/BAE

The AITG is appearing due to ion compression effects on SAWs while Q. ,~J7/4+q

It can be understood as a branch connecting KBM (diamagnetic effects be dominant,

Q. >714+1q ) and BAE (ion compression effects be dominant, Q. <714+7q ).
Zonca&Chen, PPCF96;PoP14

While the ITG modes is completely stabilized via its coupling to SAWSs, AITG becomes more

unstable with increasing beta values. The electromagnetic AITG turbulence could be a

paradigm which can bridge electron and ion transport channels via finite-beta effects.

Dong, PoP04; Ganesh, PoP04.
For the AITG, it may become unstable for 7 larger than a critical value 7, give by

2 ar Zonca&Chen, PPCF96

e~ 1+ 47g g

With the density peaking and ion temperature decreasing, »,.drops, therefore the MHD
Instabilities become unstable easily.
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g-‘ gﬁﬁ Evolution Process of AITG/KBM Instabilities

q=1 q=2 These AITG/KBM instabilities:

; 5 -Driven in sequence or simultaneously
From high-n to low-n
From g=1 to q=2 surface localization
From small- (high-n) to large-scale (low-n)

(Inverse cascading?)

-Induce global ballistic transport outward,
Domino&avalanche in radial direction

-Result in m/n=2/1 TM growth and trigger
disruption




New Physics Picture of Density Limit Disruption

g: Mi&sER
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Core-edge
Integration

‘W 1->2, Fueling&ne peaking

M 2->3, edge cooling, core
AITG/KBMs unstable, ne flatting,
TM growth, disruption

Positive feedback system: Unstable
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S semay

We present the recent experimental results of the density limit disruption and

core-localized kinetic MHD instabilities in HL-2A NBI plasmas.

B Firstly, the high density discharges with ne/ne; ~1 has been achieved by the GF fuelling
method.

B Secondly, it is found for the first time that there are multiple branch MHD instabilities in
the core plasmas while ne/ne¢ ~1.

B The analysis suggests that the core localized (from p, _;to p, _ ;) MHD activities

belong to AITG/KBM modes, and firstly it is found on experiment that they trigger the

disruption of bulk plasmas while the density is peaked.

These instabilities can be used as disruption predictors, and tens of milliseconds ahead.

These new findings are of great importance to figure out and understand the origin of

the density limit.
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Thank you for your listening.
it
FRIFIIFFE IR |

c N N : China National Nuciear Corporation =




