DRAFT


The Case for VH-mode

R. Maingi 8/26/05

The purpose of this short memo is to describe several discharges from XP#526, which exhibited several of the characteristics of VH-mode. These characteristics included:

1. Very large dW/dt

2. Very high pedestal temperatures, and the inward movement of the pedestal to smaller normalized flux

3. Very high rotation gradients and inferred Er
4. Catastrophic terminations, similar to the X-event termination of VH-modes

These discharges actually were terminated by locked modes, observed when N approached 4.3-4.5. The low N limit may be a consequence of the very hollow current profile measured by MSE, approaching a large current hole. Optimization of the current profile should allow sustainment of these discharges for a longer period of time.

Temporal Characteristics of Discharges

Fig. 1 compares the time evolution of #117830 (6 MW NBI) and #117820 (4 MW NBI). Both discharges have an early L-H transition ~ 120ms, but the confinement time did not dramatically improve until after a large ELM-like event at 200ms and 170ms respectively. After the ELM, the dW/dt approached 2.5 MW for #117830 and 1.7 MW for #117820 (note that this was roughly the ratio of the NBI power between the two), until the N reached approached 4.3-4.4, when a large locked mode was observed which terminated the high performance phase. The peak HH89P only reached 2 in #117830 and 2.5 in #117820, but the relatively low N limit may have prevented the realization of even higher H-factors.

ne, te and Pe Profile Evolution

Fig. 2 and 3 show the ne, te and Pe profiles for these two shots. It should be noted that the outer gap was growing during the times plotted, but the profiles shifted inward more than the increase in outer gap. With the 20-point Thomson spatial resolution, it can be argued that the pedestal width increased, and the pedestal Te increased from ~ 200 eV up to 400-600 eV. This trend is shown even more clearly with the preliminary calibration of the extra 5 edge Thomson channels, which will allow a more detailed analysis of the widths and gradients.

Ti and v Profile Evolution

Fig. 4(a,b)  shows the Ti profiles for #117820 and #117830. The high dW/dt phase lasts longer in #117820, such that the evolution of the edge Ti profile can be viewed in some detail. An inflection in the Ti profile can be observed ~ 200 eV at 0.195s in Fig. 4a, and this inflection point increased to ~ 600 eV by 0.255s, just before the occurrence of the locked mode. Fit with a “standard” modified tanh function yielded a pedestal Ti in excess of 600 eV. The normal range for pedestal Ti is 150-300 eV, so the value in these discharges represents a substantial increase, resulting in a substantial decrease in pedestal *i. The same pattern in repeated for #117830 in Fig. 4b, albeit more rapidly (the profiles at 0.195s and 0.205s should be disregarded inside of 135cm and 130cm respectively for Fig. 4b). One noteworthy point – some of the profiles show the possibility of a second pedestal Ti farther at the edge. Ron Bell and I are looking into whether this is caused by the presence of an island or whether there is truly a double barrier type structure. 

As expected the v gradient is quite substantial in these discharges e.g. Fig. 5, leading to a very large Er even assuming zero poloidal velocity. Data were obtained with the ERD diagnostic, which will allow examination of the Er directly after completion of the re-calibration after the opening. Ted and Ron are looking into this now.

Current Profile Evolution

Fred Levinton and Howard Yuh showed me MSE profiles in the control room which indicated low current density in the center of these plasmas, out to a radius of 110cm in some time slices. It is possible that the formation of this current “hole” is limiting the stability, as well as increasing the transport in the center of the plasma. If it is determined that the current profile is a necessary ingredient for these discharges, extension of the VH-mode and achievement of higher  limits could require considerable work.

Concluding Remarks and Plan

My near-term goal is to write a short paper making the case for VH-mode, emphasizing that this is a big deal for STs since it allows access to collisionless pedestal physics i.e. focusing on the edge characteristics. It was not clear whether we could go down in pedestal collisionality much below 1 (as predicted by certain models e.g. Guzdar 2005) before these data were obtained. 

Here is the analysis plan:

1. Re-run EFIT with more flexibility to fit the core MSE measurements – Sabbagh during 8/29-9/5

2. Stability analysis to see if global  limit is indeed low – Sabbagh, Gates?

3. Run TRANSP to estimate the transport – Kaye after EFITs done

4. Determine whether Ti profile has single or double pedestal structure and fit with tanh function to obtain heights, widths, and gradient evolution – Maingi

5. Fit Thomson channels with tanh function to obtain heights, widths, and gradient evolution after calibration of the new edge channels – Maingi

6. Obtain Er from ERD and CHERs
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