Physics and Theory of the Quasi-Coherent Mode



Narrow QCM layer width from ion saturation current tor
fluctuations is consistent with Gas-Puff Imaging (GPI) CHod

Isat, Isat and GPI Fluctuation Profiles
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® Isat and Isat power profiles align, l

despite being recorded at different times by different probes

® Conclusion: QCM is not being attenuated by probe
® Narrow QCM layer is consistent with Gas-Puff Imaging (allowing shift)
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® Radial width of Quasi-Coherent Mode layer is ~ 3 mm FWHM

B. LaBombard APS2013



Snapshot of QCM reveals large amplitude, ~in-phase, tor
density, electron temperature and potential fluctuations C:Mod

Cross Power Spectrum: Density and Potential
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Quasi-coherent mode propagates at electron
diamagnetic drift velocity in the plasma frame

ator
Wlod

Velocities computed from East electrode profiles
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- Vdpe, Vde are in opposite directions
to VExB in mode layer
- Vdpe, Vde are stronger than VExB
in mode layer
0
2 - QCM propagates in e~ dia. direction
S

in the plasma frame
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QCM frequency is quantitatively
consistent with kg ~ 1.5 rad/cm mode
propagating with velocity between
Vdpe and Ve in the plasma frame.
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Toroidal magnetic field lines

Axisymmetric D-shaped tokamak
with magnetic X-point(s) on
separatrix.

Field line winding number 1-bar(y)
varies continuously from q=1
(-bar=1/q) to plasma edge
(0 on X-point separatrix).
Locally, field lines do most )
toroidal winding on top/bottom
and inboard side of flux surface

Outboard side: from g=1 to
beyond separatrix, there is a
vertical range centered on the
midplane where the field lines
have a fairly similar, finite pitch —
B,/B,=constant for C-Mod,
DIII-D where a/R=1/3. T S
Just outside separatrix
L. Sugiyama et al, Phys Plasmas 2010
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F.(0) = correcting function acting at 6 = £6,
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Radially Ballooning Modes
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VFLR =
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\A7Pl.. Finite Larmor Radius Drift
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2-D Peaking Mode?

n:fz(r v, H)exp{ iot +in [go q G:I in [q rs)]F(H)}
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Electron Thermal Energy Balance Equation

Simplest (cylindrical) form

(—ia) +D’k; )f" + Te’[VEr — ik, % D, ) +ikT,U, %(1 +o,)=0
That gives
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Appendix

Now we give the approximate numerical estimates for a set of pdrameters that
are involved in the theory of the Quasi-Coherent Mode discussed earlier. These
estimates are based on the relevant experimental observations [1] made by the
Alcator C-Mod machine.

e [requency Range
f ~ 100 kHz, w~ 6.3 x10° rad - sec™t.
e Major Radius of the Plasma Column
Hy ~ 68 cm.
e Location of the Mode Center R,
Ry ~ B, ... — LCFS stands for the Last Closed Flux Surface.
¢ Mode Radial Width
Ar ~ 3 mm.
e Sign of F, inside the mode layer
o¢

b= —— .
" 3r>0

Therefore v, /vg > 0.
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e Range of Poloidal Mode Phase Velocity vy, = w/ kg

where the electron temperature gradient is significant across the layer in which
the QCM is excited.

o Density Fluctuation Level

~ 30%.

3|3

o Electron Temperature Fluctuation Level

~3:

¢ 45%.

]

e BElectric Potential Fluctuation Level

%N%%

e
e Electron Temperature at I, ..
T. ~ 50 €eV.
e Electron Density at R~ R, |
Ne ~ 1.5 x 102 m™,
e Poloidal Wavenumber

kg ~ 1.5 rad/cm.
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e Thermal Velocities

LM

Vi~ 6.9 x 10° E OTév_ cm - sec” ! deuteron
s | Te : -1
Ve =~ 3.0 x 10 506V | cIm - sec electron
e Collisional Frequencies
deuterons
v = 1.73 x 10° [ e ] "lnA] {506\[}% sec !,
" 1.5 x 104 em=3 | | 12 T
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