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At the recent IAEA Chengdu meeting, the paleoclassical model [1] of radial electron heat
transport was compared favorably [2] with mostly ohmic-level experimental results from a num-
ber of toroidal plasma experiments. Anomalous transport induced by drift-wave-type microtur-
bulence usually scales with the gyroBohm diffusivity D&® = (9g/a)(T./eB) T3/ 2/ aB?; it be-
comes small in the edge when T, is low and EXB flow shear is large. In contrast, for the recently
hypothesized paleoclassical transport model [1] the electron heat diffusivity xP¢ oc a'/?T, 6_3/ ? in-
creases as the electron temperature decreases toward the plasma edge and divertor separatrix.
Thus, we can anticipate [2,3] that for T, < T ~ B(T)*3a(m)Y? keV (~ 1-1.6 keV in present
plasmas, but ~ 3.5-5 keV in ITER) paleoclassical radial electron heat transport could be dom-
inant. In particular, it could be dominant in the pedestal of H-mode plasmas.

A model has been developed [3] for the edge electron temperature profile T,(p) in H-
mode, diverted tokamak plasmas based on the paleoclassical model for the radial electron
heat transport. Moving inward from the separatrix, T, profile predictions are: first an in-
creasing T, gradient with n. = dInT./dInn, ~ 2, a maximum |VT,| where ¢ drops to < 5,
then a decreasing |VT.|, and finally a pedestal electron pressure determined by balancing col-
lisional paleoclassical transport against gyro-Bohm-scaled anomalous electron heat transport:
pped = ppedTped /(B2/9,10) ~ (0.032/ fu AL *)(@/Raq)(n}/m0) o (a/Rqos), in which fy ~ 1 is a
gyroBohm multiplier for T¢ transport. These model predictions compare favorably [3] with ex-
perimental data from DIII-D. In addition, the paleoclassical radial electron heat diffusivity x2°
compares well [3,4] with the transport analysis x., which both scale roughly as Te 3/2 hear the
separatrix. Also, the ASTRA code [5] has been used to perform a predictive transport analysis
of the edge T, profile; it shows that xP¢ dominates for p 2 0.85-0.9 and is needed to obtain the
neutral or slightly positive curvature of the T, profile (i.e., d*T,/dp* > 0) near the separatrix.

*Research supported by U.S. DoE grants and contracts DE-FG02-92ER54139 (UW-Madison), DE-FC02-
04ER54698 (GA), DE-FG02-92ER54141 (Lehigh), and DE-FG02-00ER54538 (GaTech).

[1] J.D. Callen, a) Phys. Rev. Lett. 94, 055002 (2005), b) Phys. Plasmas 12, 092512 (2005), ¢) Nucl.
Fusion 45, 1120 (2005), and d) “Derivation of paleoclassical key hypothesis,” Phys. Plasmas 14, 040701
(2007). [1}—[3] are all available from http://homepages.cae.wisc.edu/~callen.

[2] J.D. Callen, J.K. Anderson, T.C. Arlen, G. Bateman, R.V. Budny, T. Fujita, C.M. Greenfield, M.
Greenwald, R.J. Groebner, D.N. Hill, G.M.D. Hogeweij, S.M. Kaye, A.H. Kritz, E.A. Lazarus, A.C.
Leonard, M.A. Mahdavi, H.S. McLean, T.H. Osborne, A.Y. Pankin, C.C. Petty, J.S. Sarff, H.E. St.
John, W.M. Stacey, D. Stutman, E.J. Synakowski, K. Tritz, “Experimental Tests of Paleoclassical
Transport,” paper EX/P3-2, IAEA Fus. Energy Conf., Chengdu, China, 16-21 Oct. 2006: http://www-
pub.iaea.org/MTCD/Meetings/fec2006pp.asp (slightly extended version submitted to Nuclear Fusion).

[3] J.D. Callen, T.H. Osborne, R.J. Groebner, H.E. St. John, A.Y. Pankin, G. Bateman, A.H. Kritz,
W.M. Stacey, “Paleoclassical model for electron temperature pedestal,” UW-CPTC 06-6, March 2007.

[4] W.M. Stacey and R.J. Groebner, Phys. Plasmas 13, 072510 (2006); 14, 012501 (2007).
[5] A.Y. Pankin, G. Bateman, D.P. Brennan, D.D. Schnack et al., Nucl. Fusion 46, 403 (2006).
P1-02



