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Electron temperature measurements from line ratios of He- and H-like argon 
in the Alcator C tokamak 

J. E. Rice and E. S. Marmar 

Plasma Fusion Center. Massachusetts Institute o/Technology, Cambridge, Massachusetts 02139 

E. Kallne and J. Kallne 
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Line ratios of certain transitions in H- and He-like Ar are quite sensitive to dectron temperature. 
In particular, the Is2-1s4p transition in Ar16 + (A = 3.200 A) lies very close to the Is-3p 
transition in Ar 17 + (A = 3.151 A.). The intensity ratio of these two lines is a sensitive function of 
electron temperature, through the changing ionization balance, at least over the range 1200 
eV < Te < 2500eV. This has been exploited with a compact, high-resolution x-ray spectrometer to 
obtain time histories of central electron temperature in Alcator C tokamak plasmas. Time 
resolution of 20 ms has been achieved. 

In the diagnosis of hot plasmas, it has long been recognized 
that the ratios of lines from successive ionization states of an 
element can be strong functions of the plasma electron tem
perature. 1 In general, for diagnostic purposes it is most con
venient if the lines fall very close to one another in the spec
trum, so that relative calibration of the detecting 
instrumentation is not required. This paper reports the ap
plication of such a technique. Specifically, the Is2 -ls4p tran
sition in He-like Ar 16+ (A = 3.151 A.) and the Is-3p transi
tion in Ar17 + (A = 3.200 A.) have been used to obtain time 
histories of the central electron temperature in the Alcator C 
tokamak. 

The measurements were taken with a high-resolution 
(A / AA. = 3(00) crystal x-ray spectrometer, which has been 
described previously.2 Argon was introduced into the dis
charges by gas puffing through a piezoelectric valve and sub
sequently recycled, reaching a steady level in the discharge 
after about lOOms. Figure I shows two sets of spectra. For 
Fig. l(a), the plasma parameters were ii. = 1.5xlO'4 
cm- 3,BT = lOT, andlp = 4OOkA, with hdium as the ma
jority species. In this case, the central electron temperature, 
as measured from the slope of the soft x-ray continuum, ob
tained with a HgI2 pulse height system, was 2.0 ke V. For Fig. 
l(b), the parameters were n. = 3X 10 14 cm- 3

, DT = 8 T, 
and Ip = 300 kA, and hydrogen was the majority species. 
The central T. for this case was about 1.6 keY. Note that the 
Ar '7+ (ls-3p) line is much weaker, relative to the Ar 16 + 

lines, for the lower temperature case. It is this strong differ
ence which is exploited to obtain the time history of T •. 

In order to unfold the T. from the line ratio, it is neces
sary to know the functional dependence of the charge state 
balance. In addition, the H- and He-like stages of Ar will, in 
general, have different radial profiles. As a first-order ap
proximation, it has been assumed here that the charge state 
balance is determined by the coronal equilibrium condition, J 

which is a reasonable assumption for the central regions of 
the Alcator C plasmas. Because of transport effects, this 
could be a very bad assumption for the peripheral regions of 

the plasma,4 but the contributions to the central chord radi
ation from the outer portions of the plasma are negligible. 
Further, to account for profile effects, only the functional 
dependence of the Ar17 + and Ar16+ ratio has been used from 
the coronal equilibrium condition. The absolute ratio has 
been determined for a particular discharge, where T. was 
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FIG. I. Comparison of spectra near lIS A for discharges with significantly 
different central electron temperature. Note that the H-like n = 3 line. at 
,( == 3151 mA, is much brighter. relative to the He-like lines, for the higher 
temperature discharge. The presence of a Li-Iike satellite, on the short 
wavelength side of the H-like line, has been taken into account in the analy
sis. 
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FIG. 2. Central electron temperature inferred from the ratio of the H- and 
He-like lines. It has been assumed that the charge state balance is deter
mined by coronal equilibrium. The spectra are collected with a 20-ms inte
gration time, and the solid dots show the results of the line ratio measure
ments. The solid line shows the results of second-harmonic electron 
cyclotron emission for the time history of T •. 

measured independently by the Thomson scattering and soft 
x-ray continuum diagnostics. These results are therefore 
only at the proof-of-principal stage. A more complete analy
sis, taking into account the profiles and the transport, has 
not yet been done. 
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The results of this procedure are shown in Fig. 2, where 
the temperature has been determined as a function of time 
during the discharge from several successive spectra 
(points) and is compared to that determined from second
harmonic electron cyclotron emission (solid line). The 
agreement is quite good. Early in the shot (before 200 ms), 
there is insufficient argon in the discharge for a statistically 
meaningful measurement of the line ratio. The discrepancy 
at the end of the shot is due to plasma motion. At this time, 
the plasma moves out in major radius, and so the electron
cyclotron-emission diagnostic, which is tuned to the center 
of the vacuum vessel, views a cooler region of the discharge. 
The x-ray spectrometer views on a chord along the horizon
tal midplane, and so continues to sample the hottest portion 
of the discharge. 
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