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Kinetic Peeling-Ballooning mode (KPBM) is

important to transport
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* As the plasma beta increases, the lon temperature gradient mode (ITG) will be stabilized, but the kinetic
ballooning (KBM) mode be destabilized.
* The KBM turbulence transport is important to the fusion confinement, especially in transport barriers.
o The linear KBM physics in EPED model successfully predicts the pedestal height and width in H mode
* The global simulations of KBM with bootstrap current are needed.
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Gyro-Landau-Fluid (GLF) 3+1 model

e BOUT++ 3D GLF 3+1 electromagnetic model evolves

v' density n;

v’ parallel ion pressure p,

v' perpendicular ion pressure p |

v’ parallel velocity v,

v’ electron temperature T,

v’ vorticity @

v perturbed magnetic vector potential 4

* Closures are carefully chosen to match kinetic effects

v' Gyro-averaged and Padé approximations
v Landau damping
v’ lon toroidal drift resonance
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For Jzs scan, Pressure Is fixed

magnetic shear of different Kgs frc =0.35%
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Shift circular geometry with self consistent shape

effect
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For g scan, T, and T; and kg are fixed and density

varied

(a) lon temperature of different Bac (c) lon density of different Bes (a) q of different Bpg
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 Background

« Equilibrium and GLF 3+1 model

* Linear analysis of KPBM
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Linear results of pressure scanning.

lon toroidal drift resonance drives the KPBM.
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= The ion toroidal drift resonance drives the KPBM under the ideal peeling-ballooning
threshold.

= Linear growth rate increases with fSp. .

= The shift of the mode spectrum to small N (toroidal mode number) can be observed
because the bootstrap current increases with pressure gradient.
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KPBM frequency and The poloidal-averaged ion drift
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Growth rate and frequency normalized in ¢, /a for Bp; =
0.22%. c; = /T;/m;is the ion sound speed.

The mode frequencies (yellow curve) decrease with mode
number and are negative which means the modes are on
the ion diamagnetic direction.

The poloidal-averaged ion drift frequency < wd>=0.15
¢y /a, wkesm ~0.2 - 0.4 ¢ /a, It indicates that the poloidal
averaged ion toroidal drift resonance is a drive of KPBM.
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Bootstrap current has stabilizing effect on KPBM

The 2" stable region is observed

(a) growth rate versus Bec (b) mode spectrum of different Bpg
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= The bootstrap current has stabilizing effect on KPBM.

o The unstable region and the maximum growth rate of KPBM decreases when the bootstrap current increases.
= The 2" stable region of KPBM is observed.

o The kinetic effects drives the KPBM unstable beyond the 15t and 2" threshold of ideal ballooning mode (IPBM).
= The major mode number decrease because the bootstrap current increases with pressure gradient.
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High bootstrap current drives the low-n kink modes only in

relative high Bp(, eliminating the 2"d stable region
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= The large bootstrap current drives the kink mode which prevents the 2"d stable region extending to the large beta
direction.

= When the fraction of bootstrap current kg is large enough the 2" stable region may disappear.
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The major mode number of KPBM decreases when

the Bootstrap current increases

growth rate spectrum of different bootstrap current mode spectrum of different bootstrap current
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= Large bootstrap current has stabilizing effect on KPBM.

= The range of unstable toroidal mode number of KPBM decreases when the bootstrap current increases.
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Energy loss increases with the bootstrap current

and pressure gradient

time evolution pressure profile Bps=0.27%

(@) total energy loss at peak gradient position
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= Energy loss increases with the pressure gradient and bootstrap current.

= When plasma beta is close to the 2"¢ stable region, the collapse of the pedestal makes the plasma into a more
unstable state & more energy loss as plasma beta decreases.
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The fluctuation level and the propagate speed

increase with the pressure

. radial turbulence intensity of different Brs g saturated fluctuation level ofdifferent Bpc
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The ion heat transport coefficient first increases

and then decreases with [y

Xir VSfat peak pressure gradient
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The pedestal width scaling of EPED 1.6 model is

reproduced in the nonlinear KPBM simulation

Brc%
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Summary

(1)The bootstrap current has stabilizing effect on the KPBM.

(2)The 2nd stable region of KPBM is observed. But the current drive kink mode prevents the 2nd
stable region extends to large beta direction and may even disappear when bootstrap current is
large enough.

(3)lon toroidal drift resonance drives the KPBM beyond the 1st and 2" threshold.

(4)The turbulent intensity and energy loss increase with Sp;. And a large kg also leads to a large
energy loss, which has a different trend with the linear growth rate with different bootstrap current.
(5)The ion heat transport coefficient first increases and then decreases with fp;. And the Sy of the
peak linear growth rate is different from the g, of the peak ion heat transport coefficient.

(6)The scaling law of the pedestal width and height in the global GLF3-1 nonlinear simulation fits well
with the EPED model.
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