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What happens to ITG stability/transport
for large plasma gradients?
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What happens to ITG stability/transport
for large plasma gradients?

Sheared
slab ITG

14 k//vti

0.01 0.1 1 10 100 1000 10000 10C000

b

Gao et al., PoP 2003
Hassam PoF 1990, Smolyakov PRL 2003, Chowdhury PoP 2009, ...



Heuristic fluid model

2D gyrokinetics in a Z-pinch, with Botlzmann electrons and
mode frequency much larger than the drift frequency
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Limiting cases with Lg/Ly > 1

Long wavelength: 15(b;) ~1 I'(bx) ~ 0.
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Limiting cases with Lg/Ly > 1

Long wavelength: 15(b;) ~1 I'(bx) ~ 0.

NWaT > W, wy ~ Fik,p;

nwdT i~ w*:

Short wavelength:
To(by) ~ 1+ - ,  T1(bg) = 1=
o)~ ki ( 4 ip?) O ki, ( 4’%'0@)

(2—n)* Lp
(2+n) 12LH

Stable for wavenumbers smaller than &9 p; =



Numerical growth rate spectra
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Minimum unstable wavenumber increases
with driving gradient
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Cyclone Base Case (CBC) linear results
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SWITG wavenumber scalings
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Nonlinear scalings

. . . 1
Diffusive estimate: x ~ 5

Nonlinear time: —/d% Jo(o)hg ~ (/d3v<vE)R-Vh> =S "
ke

Time at outer scale: <2 ™ 1(62)won“Lhn,

Y

Fo(bk) Uth 1 2Uth 9 Uth Lt
kS Ly <’fi) Ry e =P Q constant

Critical balance: K ~ —



CBC density spectra
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CBC density spectra
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Outer scale and heat flux scalings
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Parallel correlation lengths




Summary and open questions

* For comparable density and temperature
gradients, increasing ITG leads to a regime

where the ion heat flux becomes independent
of the ITG

* This is associated with a shift to sub-Larmor
scales, where kinetic electron physics likely
important

* Possible to access this regime where TEM are
suppressed? Stellarators or tokamaks with
particle trapping on inboard?



