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Introduction

cross field plasma transport high confinement mode (H-mode)
theories: experimental discovery:
» classical diffusion > ASDEX (1982)
> neo-classical diffusion
experiments: — 2 = theories: .
» Bohm diffusion(1946) > turbulence suppression
» anomalous transport (ExB; shearing)
(100~1000 times higher than theory) *

* E. formation:Gyro-Center Shift (GCS)
turbulence transport (ITG, ETG...) / (Lee, PoP 2006)
poloidal momentum balance

0=j.B/n —m v, —mv.o,+m %r (v, -0,4)) | (Wagner, PPCF 2007)

— T

turbulence diffusion by GCS H-mode transition by GCS




Gyrocenter shift due to charge exchange
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Introduction to gyrocenter shift

momentum exchange of ion-neutral collisions =™ J,
(charge exchange / elastic scattering)
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Retrograde motion of arc cathode

A CATHODIC ARC REGION

B. POSITIVE
C. ANODIC

COLUMN
ARC REGION

» cathode spot moves
opposite (retrograde)
direction under B-field

> retrograde motion was
noticed by Stark (1903)
> no satisfactory
explanation despite
numerous attempts.



Generalization for high collision case

1 E Vp

Vd = -
1+1r° 1 A2 (B gBn,

)

- only ions have longer A\, than r,
contribute to gyrocenter shift

- _number of ions that contribute
total number of ions

—1 [ Ay

= €

general formula for the gyrocenter shift
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Calculation of electric field in arc discharge
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no background E-field

constant n, (5x1022/m3)

constant T, (0.5 eV)

B=01T

gas pressure : ~100 Torr (Argon)
gap :16.5 mm

n, is an exponential function with
its gradient approach zero at
middle of the discharge

reversed electric field is formed
E, vanishes when
n, >~ 10%1/m3

» cathode sheath :
massive ionizations take
place (~um) where rapid
decrease of neutral and
increase of ion



diculation with arc coiumn €electric 1ie
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> higher neutral density — higher column electric field (constant current)

= high gas pressure — positive electric field in front of cathode
low gas pressure — negative electric field in front of cathode

> negative electric field (seems unnatural) : gyrocenter shift is a process of
putting ions in a direction which is independent of electric force



Comparison of calculation with experiment
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[K.C. Lee, PRL, Vol 99, 065003 (2007)]
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» J. and E, saturate before J =0

» E_saturates when ion movement
IS same as electron movement
(ambipolar electric field

=> classical diffusion)
> only for ideal case of

no density fluctuation
» turbulence induces real condition
of E, saturation

Turbulence induced diffusion
and E, saturation condition of GCS

(a)

L/H transition
_
plasma neutral
Re < Re* .
B:&
(c) (d)
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Turbulence induced diffusion
of particles
time 'nrn[x]VExBé B |
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> net movement of one cycle is nA.Vn : same result from L-R-L and R-L-R cycles

» diffusion takes place from high density region to low density region



Turbulence induced diffusion
of charge
n on
=— 'z — <0
7 n IR OX
X X+ A,
[A] p(x)=e(n;, —n,)=p p(x+1)=p+Aie(n —n!)
[B] p—1p p+A4e(n —n,)+np
[C] p(X) +nl.e(n —n.) p(x+4)—nien —n,)
» turbulence induced ion and electron diffusion : n;LtVn
» turbulence induced charge diffusion : —U/itVP l

» ion and electron move toward boundary => diffusion _
» charge (p) moves toward core => dilution current => Saturation by

JGCs




Turbulence inducgd diffusion coefficient
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2
» proportional to 7] : agreed by experiments

[TFR group, Nuclear Fusion (1986)]
NSTX density fluctuation, APS poster: (2008)

» characteristics close to “anomalous” diffusion
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Turbulence
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» ion and electron move toward boundary => diffusion _
» charge (p) moves toward core => dilution current => Saturation
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L/H transition by critical Reynolds number
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fast and slow changes of H-mode transition Re=—n Vp
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gyrocenter shift
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anomalous transport L/H transition
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