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Introduction  
 

RF heating deposition spirals are observed on the divertor plates on NSTX as shown in Fig. 

1 for a NB plus RF heating case.  It has been 

shown that the RF spiral is tracked quite well by 

the spiral mapping of the strike points on the 

divertor plate of magnetic field lines passing in 

front of the high harmonic fast wave (HHFW) 

antenna on NSTX [1, 2].  Indeed, both current 

instrumented tiles and Langmuir probes respond to 

the spiral when it is positioned over them.  In 

particular, a positive increment in tile current 

(collection of electrons) is obtained when the 

spiral is over the tile (Fig. 2).  This current can be 

due to RF rectification [3] and/or RF heating of 

the scrape off layer (SOL) plasma along the 

magnetic field lines passing in front of the the 

HHFW antenna.  It is important to determine 

quantitatively the relative contributions of these  

processes.  Here we explore the properties of the 

characteristics of probes on the lower divertor 

plate [4] to determine the likelyhood that the 

primary cause of the RF heat deposition is RF 

rectification. 

 
Figure 1. (a) RF deposition spiral for shot 
141899 at 0.451 sec with subtraction of 
background at t = 0.476 sec (after RF pulse). 
(IP = 1 MA, BT = 4.5 kG, PRF = 1.3 MW, PNB 
= 2 MW.)  (b) In vessel view. 
 
 



 

Probe characteristics for the PNB + PRF case 

The floating potentials for probes P2 and P4 at 

Bay B on NSTX are shown in Fig. 3(a) for the case 

of Figs. 1 and 2.  P4 is under the spiral and Vfl 

exhibits a large negative shift with the application 

of PRF whereas there is little effect on the Vfl for P2 

since it is not under the spiral (R = 70.59 cm/64.67 

cm for P4/P2 and P2 is inboard of P4 by 5.92cm).  

Again, this Vfl shift can be due to RF rectification 

and/or plasma heating in the SOL.  In Fig. 3(b), it 

is shown that the P4 current for VP4 = 0 (the 

divertor tile potential) follows quite well the 

current collected by tile 3i (also in line with the spiral [1]), and is in qualitative agreement 

with the ratio of the probe surface area to the tile surface area, and the reduction in heat 

deposition for the spiral at Bay B.  ΔIV=0 is positive in both cases indicating electron 

collection. 

In order to determine the relative contributions of SOL heating versus RF rectification, the 

probe I-V characteristic must be scrutinized carefully.  Assuming RF rectification alone is 

governing the probe response, the magnitude of the 

shift in floating potential |ΔVfl| is related to the 

magnitude of the RF voltage Vrf at the probe by [5] 

      exp(|ΔVfl|/Te) = I0(Vrf/Te),  (1) 

assuming the probe I-V characteristic remains an 

exponential curve in the vicinity of Vfl and that Te 

and Isat are unchanged by the application of the RF 

voltage.  (I0 is the modified Bessel function.) 

In Fig. 4, the I-V characteristics for P4 (under 

the spiral) and P2 (away from the spiral) are 

compared for t = 0.451 s.  Even though the probe 

current signals are rather noisy in this case due to 

turbulence at the divertor plate, averaging over 6 

consecutive 1 ms probe voltage sweeps give 

 
Figure 2. Tile currents for (a) tile 3i under 
the spiral and (b) tile 3k which is not under 
the spiral as indicated by the calculated field 
line strike points on the divertor. PRF  vs time 
is shown in (c) for comparison. (Shot 
141899 with parameters given for Fig. 1.) 

 
Figure 3.  (a) Vfl for pobes P4under the spiral 
and P2 outside the spiral, and (b) comparison of 
IP4 for VP4 = 0 to the tile current on tile 3i. (Shot 
141899 with parameters given for Fig. 1.) 



reasonable characteristics in the vicinity of Vfl for comparison.  In the vicinity of the floating 

potentials, relatively good exponential fits are obtained with the same Isat (15 mA) and Te 

(13.5 eV), with a shift in the floating potential of |ΔVfl| = 24 V.  The Te value is close to that 

measured with Thomson scattering at the midplane along the incident field line.  TeTS ~ 10 eV 

for  ΔRm = 2.1 cm/1.4 cm from the last closed 

flux surface (LCFS) for P4/P2.  The value of Vrf 

~ 44V is then obtained from Eq. 1.   

As indicated in Fig. 4, the P4 current deviates 

from an exponential above a certain voltage 

(~12V) as expected and the P2 current should 

then deviate from an exponential at V ~ 12V + 

Vrf ~ 56V.  The relatively large level of noise 

causes the P2 current to undulate above ~ 15V 

but on average it should approximate the 

exponential at higher voltages if RF rectification 

is dominant in this case.  

Probe characteristics for the PRF only case 

The probe current noise level is greatly 

reduced in the PRF only case and a better 

comparison between probes with and without the 

spiral over them can be made.  The IV=0 and Vfl 

values for P1 (under the spiral at R = 63.82 cm) 

are shown in Fig. 5 for the two values of PRF = 

1.1 MW and 0.55 MW for the conditions shown 

in the caption.  Significant responses to the 

application of PRF are seen in both cases up to the 

times at which IV=0 and Vfl cross through zero as 

the outer vessel strike radius (OVSR) crosses 

over the probe [6].  The I-V characteristics for P1 are compared to those of P3 (3.67 cm 

outboard of P1 and away from the spiral at R = 67.49 cm) in Fig. 6 at PRF = 1.1 MW for (a) t = 

0.3628 s and (b) t = 0.294 s, and at PRF = 0.55 MW for (c) t = 0.294 s (again averaged over 6 

consecutive 1 ms voltage sweeps).  In all three cases of Fig. 6, relative good exponential fits 

 
Figure 4.  Probe characteristics for P4 under 
the spiral and P2 away from the spiral for shot 
141899 at t = 0.451 s – averaged over 6 
consecutive 1 ms voltage sweeps. Exponential 
fits have same Isat and Te values, but different 
Vfl values as shown, (Shot 141899 with 
parameters given for Fig. 1.) 

 
Figure 5.  RF spiral effects for P1 for RF only 
cases at PRF = 1.1 MW and 0.55 MW. (Shots 
141836 and 141830, IP = 0.65 MA, BT = 5.5 
kG, helium.) 



to both P1 and P3 are obtained with the same Isat and Te values, and with a negative shift in Vfl 

on P1.  (Here the midplane Thomson scattering temperatures are higher at ~ 40 eV to 50 eV in 

the three cases of Fig. 6.)  Associated Vrf values from Eq. 1 are (a) 76 V, (b) 64 V, and (c) 33 

V.  Vrf for Fig. 6(a) is perhaps larger than that for Fig. 6(b) since the OVSR is closer to P1 for 

Fig. 6(a) [2,6] [Rm ~ 0.10 cm for (a) compared with 0.50 cm for (b) relative to the LCFS].  

The Vrf for Fig. 6(c) would be expected to be Vrf(b)/√2 = 45 V for the same edge plasma 

conditions.  However, the OVSR is moving outward at different rates for the two power levels 

(see Fig. 5 and Ref. 6) and thus the edge conditions and the location of P1 relative to the 

OVSR are different [Rm ~ 0.50 cm for (b) compared with 0.30 cm for (c) relative to the 

LCFS] .   

Conclusions 

As shown in Figs. 4 and 6, the probe I-V 

characteristics support the conclusion that the 

RF effect at the spiral on the divertor is 

consistent with RF rectification with little 

added direct plasma heating.  Of course, these 

results need to be made more definitive on 

NSTX-U with larger probe voltage sweeps.  

Also coaxial Langmuir probe connections are 

planned for NSTX-U to permit the amplitude 

of Vrf at the probe to be measured directly.  
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Figure 6.  IV characteristics for (a) t = 0.362 s 
and (b) t = 0.294 s for shot 141836 (PRF ≈ 1.1 
MW), and for (c) t = 0.294 s for shot 141830 (PRF 
≈ 0.55 MW). Exponential fits for P1 and P3 have 
the same Isat and Te for each case, with ΔVfl as 
noted.  (Conditions of Fig. 5.) 



The Princeton Plasma Physics Laboratory is operated 
by Princeton University under contract 
with the U.S. Department of Energy. 

 
Information Services  

Princeton Plasma Physics Laboratory 
P.O. Box 451 

Princeton, NJ 08543 
 
 
 
 

Phone: 609-243-2245 
Fax: 609-243-2751 

e-mail: pppl_info@pppl.gov 
Internet Address: http://www.pppl.gov 


	PPPL-5036.pdf

	report number: 5036
	PPPL report number: PPPL- 5036
	Title: Predictions of VRF on a Langmuir Probe under the RF Heating Spiral on the Divertor Floor on NSTX-U
	Date: June 2014
	Authors: J.C. Hosea, R.J. Perkins, M.A. Jaworski,G.J. Kramer, J-W Ahn, et al.


