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•  Motivation:  
–  Efficient RF heating and current drive required in ST devices and ITER 
–  Experiments on tokamaks and NSTX found core heating efficiency

 degraded for low launched parallel wave numbers, k// 
•  Approach:  

–  Study dependence of core high harmonic fast wave (HHFW) heating
 efficiency on antenna phase, magnetic field, and edge density in NSTX  

•  Conclusions: 
–  Results show core heating efficiency improves when fast wave

 propagation begins away from the launcher and wall 
–  PDI production of energetic ions may provide a significant edge RF loss

 path that also affects the edge rotation 
–  Fast camera pictures suggest surface fast waves are depositing

 considerable RF energy outboard of the outside divertor at smaller k|| 
–  NSTX is an ideal platform for bench-testing advanced modeling for edge

 loss processes   
–  Careful tailoring of edge density profile may be important in ITER 
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See C. K. Phillips poster NP6-106 for more details 
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Propagating k⊥ vs density at antenna B       Angle of ray to B vs density 

Onset density is ∝ B*k||
2/ω 
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Prf ~ 1.8 MW in He-4 plasmas 
(~ 80 ms duration) 

Prf ~ 1.1 MW in D plasmas 
(~230 ms duration) 

Noticeable increase in ΔWEF with -30° phasing in D plasmas
 with Li edge conditioning, even with shorter rf duration (67 ms) 
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•   This result is consistent with our earlier conclusion that relatively high edge 
    density increases edge power deposition 
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•   Heating at -30o is ~ 40%  
   of value at -150o 
   (shot 129679) 
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•   Collision effects 
•   Sheath effects 
•   PDI effects 
•   Antenna reactive field losses  
•   Propagating FW losses 
•   Non-toroidally symmetric, localized losses 
•   Etc. 

   Searching for edge RF power loss processes on NSTX:  

   Diagnostic tools on NSTX  include: 
•   edge reflectometer 
•   edge CHERS 
•   probes for PDI effects 
•   cameras for visible and IR light  
•   etc. 
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Poloidal heating in edge may eject energetic edge ions 

•   Edge ions are heated to hundreds of eV: CIII, CVI, LiII, and Helium 
•   Emission location for CIII and CVI is ~ 150 cm, just inside separatrix 
•   Edge ion heating may result in loss of energetic ions to SOL and the divertor  
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•   Energetic ion losses should be greater at lower antenna phase 
•   Does location of energetic ions change with phase? 
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     -90° | -30°          -90° | -30°             -90° | -30°   

Apparent Velocity        Apparent Ti (keV)      Spectral Intensity 

Time (s) 

           145   150    155 
R

adius (cm
) 

See R. E. Bell poster NP6-119 for details of PCHERS 
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•   Higher “temperature” at -30° is caused by multiple line spectra 
•   Identification of unknown line is being pursued 

Unknown 
line 

CVI 

CIII 

R = 147.1 cm 

R = 150.6 cm 

High “Ti” zone 

R = 152.3 cm     
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•   The mechanism causing this effect is not understood but it may point to edge ion loss 
•   The RF apparently provides a drag on rotation inside the plasma as well 

40 ms beam pulse – RF turned of at 30 ms during beam pulse 
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PRF ~ 1.8 MW  
PNB = 2 MW 
IP = 1 MA 
BT = 5.5 kG 

Fast camera view for phase = - 90° just prior to arc before ELM 

•  RF interaction is localized toroidally 
•  Appears to be linked with antenna along field lines 
•  Intensity is dependent on antenna phase dies away after RF is removed 
        -  decay time depends on phase 
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130621  -90°             130608   -150°   130609   No RF 

0.33512 sec (-.25012)         0.33500 sec (-.25002)                 0.34997 sec (-.24999) 

   “Hot region is much more pronounced at -90° than at -150° 
-  Edge power loss is probably greater at -90° 
-  Also, suggests fields move away from wall at -150° along with the

 onset density 

PRF = 1.8 MW,  PNB = 2 MW,  IP = 1 MA,  BT = 5.5 kG 
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Phase = - 90° just prior to arc before ELM Phase = - 150° just prior to arc before ELM 
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0.41562 sec       0.42062 sec        0.42562 sec 

   0.43062 sec     0.43562 sec      0.43762 sec 

Shot 130621  PRF = 1.8 MW, PNB = 2 MW, IP = 1 MA, BT = 5.5kG  
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0.37532 sec     0.37732 sec    0.37932 sec   

  0.38132 sec     0.38332 sec               0.38366 sec (- 0.38466 sec)

Shot 130608  PRF = 1.8 MW, PNB = 2 MW, IP = 1 MA, BT = 5.5kG  
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See C. K. Phillips poster NP6-106 
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