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Introduction

High n-shell

emission from hydrogen-

like carbon (C VI, n=8-7)

has been routinely observed

from the plasma edge of

JET. The C VI observation

is along an absolutely

calibrated visible chord

traversing the plasma cross

section vertically from top

to bottom o( the vessel, just

outside the outer strike

point during upper X-point

configurations (fig. 1 ).

Supplementary

observations of D I, C II

and C III spectral line

signals have been made Figure 1. Plasma equilibrium for JET pulse #24174 with
. • . • i I j j superimposed geometries for the visible chord at 3.1 m (a)

along an identical chord and , , • • , , - • , • , •
and two supplementary visible viewing lines at the inner

at nearby chords directed at (b) andouter (c) strike point

the divertor strike zones. By

comparing the measured spectral line intensities with the signals predicted by advanced

atomic physics modelling of carbon and hydrogen radiation, integrated with modelling of the

divertor and edge plasma, it is concluded that charge transfer from excited state hydrogen

donors into fully stripped carbon ions can account for the observed spectral emission, but that

the hydrogen distribution and to a lesser extent the carbon distribution away from the strike

zone predicted by the transport model are too low. The data presented here are those of three

upper X-point discharges - performed during the 1991/92 JET experimental campaign - where

the target material was carbon.

Thermal Charge Exchange and Excited Neutral Hydrogen

The calculated C VI (n=8-7) emission due to electron impact excitation is estimated to

be a factor 2 to 15 lower than that due to charge exchange. This estimate depends strongly on
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the mixing of the 1-states in the C VI (n=8) level. More detailed calculations are in progress.

In this paper the charge exchange origin of the line is assumed. In the edge region, rich with

recycling neutral hydrogen, thermal charge exchange processes with fully stripped carbon

impurity ions represent a suitable candidate. Due to the highly excited emitting state of the

receiver species, however, charge transfer from ground state hydrogen is a negligible

populating mechanism. On the contrary, charge exchange from excited states of hydrogen

populates levels of the carbon ions high enough to contribute to the observed emission. Of

hydrogen excited states, n=2 has the largest population density and its partial charge transfer

cross section peaks at C VI (n=8). Therefore direct charge transfer from D I (n=2) into C VI

(n=8), followed by radiative decay into C VI (n=7), is the mechanism considered.

Modelling

The characteristic spectral emission is well localised in the region of overlap of the

spatial profiles of the neutral hydrogen donor and the fully stripped carbon ions. Thus the

modelling of these spectral line intensities strongly depends upon an accurate transport picture

of the reacting species at the edge. A steady state background plasma has been analytically

constructed, defining the electron temperature and density profiles at the divertor target plates

and, using classical transport, mapped around the scrape-off layer (SOL) [1]. This procedure

draws upon experimental measurements from an array of Langmuir probes imbedded in the

target tiles. The 2-D Monte Carlo code DIVIMP [2] is then used to model the production and

transport of the carbon impurities. It is linked to the 2-D Monte Carlo code NIMBUS [3],

which models the neutral hydrogen transport and recycling at the edge. A full collisional-

radiative atomic model [4] relates the hydrogen excited state population densities to that of the

ground state, whose spatial distribution is given by the transport codes. The atomic model also

provides the modifications to the carbon ionization balance, resulting from charge exchange

with neutral hydrogen [5] and the effective emission rate coefficients, necessary for the

interpretation of the line intensity spectroscopic measurements.

Discussion

Three discharges have been selected for comparison with the model. The main plasma

parameters are listed in Table 1. Comparison of the model to the observed spectral emission is

extended by including additional spectroscopic signals directly related to the presence of

carbon and hydrogen in the emission region. An additional absolutely calibrated visible

observation, along an identical viewing line as the one measuring the C VI emission (see

fig. 1). measures the line intensity of the C III multiplet (X = 4647 A) and the Ha radiation. A

visible viewing line to the outer strike point (for #24174 and #24175) or to the inner strike
point (#26291) on the divertor target tiles (see fig. 1) monitors the Ha, Hy and the C II

(A. = 6579.7A) line intensities. Table 2 shows the observed and predicted line-of-sight

integrated emission from H and C for #24174, #24175 and #26291 at the time of the probe
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measurements. Table 3 shows the comparison between the observed C VI (n=8-7) spectral

line intensities, integrated along the vertical line of sight through the plasma, and the model

predictions.

Table 1. Main plasma parameters of the selected discharges.

Discharge

#24174

#24175

#26291

time(s)

12.18

13.59

13.90

BT(T)

2.1

2.1

2.8

IP(MA)

3.1

3.1

3.1

Pm(MW)

13.0

5.6

3.1

Te(0)(keV)

4.0

3.5

3.0

ne(0)(m-3)

1.8 xlO19

1.6 xlO19

2.1 xlO'9

Table 2. Comparison between observed and predicted line-of-sight integrated spectral
emission from H and C (photons/cm2/s/sr), using the viewing lines at 3.1 m and at the outer
strike point, for JET pulse #24174 and #24175, and at the inner strike point for #26291.

I(//a)@3.1 m
• x l O 1 4

I(CIII,4647A)
@3.1 m

xlO13

KHa)
@ strike point

xlO15

Kffy)
/a). strike point

xlO13

I(Cil,6580 A)
@ strike point

xlO13

#24174

Exp.

1.50 ±0.35

2.50 ±0.62

1.30 ±0.32

1.75 ±0.87

0.91±0.23

Model

0.48

1.99

1.55

3.97

2.30

#24175

Exp.

1.40 ±0.35

2.60 ±0.65

1.09 ±0.27

1.50 ±0.75

0.91±0.23

Model

0.40

1.67

1.34

3.48

1.77

#26291

Exp.

0.75±0.19

1.35 ±0.34

3.20 ±0.80

6.00 ±3.00

12.0 ±3.0

Model

0.43

0.93

3.70

7.20

31.0

Table 3. C VI (n=8-7) LOS integrated (see fig.I) spectral line intensities (photons/cm2/s/sr).
Comparison between observations and model predictions. The time of the measurements
coincides with that of the Langmuir probe data.

JET

Discharge

#24174

#24175

#26291

I(experiment)

(2 .0±0.4)x l0"

(1.6±0.4)xl0"

(1.2 ±0.6) x 10"

I(model)

2.2x10'°

2.3 xlO10

6.2x10'°

I(model, normalized)

8.6 x 10'°

1.2x10"

1.6x10"
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The relatively large error bars on the experimental values are due to the weakness of the C VI

edge charge exchange signal in these discharges. The simulated values are lower than the

experimental measurements, particularly for #24174 and #24175. These discrepancies

originate from the fact that for these discharges the model fails to give an adequate description

of the neutral and impurity transport in the SOL. For both #24174 and #24175, in fact, the Ha

signal at the outer strike point matches quite well with the observed one. At 3.1 m, on the

other hand, the Ha signal is underestimated by a factor 3 to 4 (see Table 2) with respect to the

observed emission. Since the intensity of the Ha signal marks the neutral hydrogen abundance

in the emission region, this leads to a corresponding underestimation of the predicted neutral

hydrogen density at 3.1 m. Similarly, the C III density in the same region is underestimated by

the model, in spite of the C II line intensity being about a factor two higher than the observed

one at the outer strike point. Such trends suggest that the hydrogen and the carbon impurities

do not spread as far away from the strike point as appears experimentally. By scaling the

modelled C VI emission using the ratio of measured to modelled Ha emission and the ratio of

measured to modelled C III emission, one obtains much better agreement with experiment

(see Table 3).

Conclusions

Thermal charge exchange from excited state hydrogen (n=2) to C+6 ions can account

for the measured spectral line emission from hydrogen-like carbon (C VI, n=8-7) in JET edge-

plasmas. The emission due to electron impact excitation is estimated to be a factor 4 to 50

lower than the normalized charge exchange emission, this variation strongly depending on the

mixing of the 1-states in the C VI (n=8) level. The analysis is complicated by the failure of the

simulations to describe correctly the leakage of hydrogenic and impurity particles from the

divertor. However, if the experimental values of Ha and C III signals are used to normalise

the model results, the predicted C VI line emission agrees within a factor 2 of the

measurements. The observation and modelling of impurity line emission due to thermal

charge exchange constitutes a promising diagnostic for the derivation of neutral hydrogen

density spatial profiles in the edge region of JET. In fact, these studies have demonstrated a

deficiency in the transport model for neutral deuterium and/or impurities, which is being

investigated. These studies will also be extended to the very low temperature, high density

divertor regimes planned for the 1994 experimental campaign.
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