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INTRODUCTION

Graphiteis currently planned for the high heat |oad areas of the ITER divertor targets. Erosion will
determine both the lifetime of these components and the long term retention of tritium via the
formation of hydrogen-rich carbon layers on remote areas and on the targets themselves. A reliable
database exists for the chemical erosion yield Yo, Of graphite under the impact of energetic and
thermal hydrogen in beam experiments, but although data describing the erosion behaviour of
graphite targets in fusion devices has recently been compiled and critically revisited [1], no such
detailed study existsfor higher hydrocarbons. Previous measurementsin the JET MKI1-GB divertor
[2] indicated similar carbon yields from CH, and C,H, . The strong dependence of Yo with the
ion flux [1] could not be addressed in [2].

In JET, gas injection experiments in the MKI1-SRP divertor were performed to determine the
(molecular) carbon flux originating from chemical erosion and resulting CoHy, species. Theinjection
allowsthein situ calibration of photon fluxes emitted by the different hydrocarbon fragmentsaong
the dissociation chain [3] which are spectroscopically observed. The approach isto introduce ethene
into the outer divertor plasma through Gas Injection Modules (GIM) positioned circumferentially
between the vertical target plates. A sweep of the Outer Strike Point (OSP), indicated by three
separatrix positionsin fig.1, placestheinjection location (GIM10) sequentially into the far Scrape-
Off Layer (SOL), near-SOL or Private-Flux Region (PFR). Reference discharges with hydrogen
injection were made in order to match the plasma parameters which are perturbed as aresult of the
hydrocarbon injection [2]. The discharges were adjusted by matching the central line-averaged
density.

Theincrease in the photon fluxes with respect to the reference discharge can be attributed to the
injected C,H,. Effective photon efficiencies are estimated from the rati o between photon and particle
fluxes, and they are applied to the intrinsic photon flux. The resulting CoHy particle flux isrelated
to the hydrogen recycling flux and thus provides Y<2™.
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1. EXPERIMENTAL CONDITIONSAND SPECTROSCOPIC SET-UP

We performed high clearance L-mode discharges (hydrogen plasmas, 2.43T, 2.5MA, 3.4MW
NBI) with large and symmetric sweep of the strike points— starting from the horizontal target ht
(t = 18s) and ending on the upper vertical target vt (t = 24s). A constant gas injection through
GIM10 (2.5><1021 C,H, molecules/s) was made between 15 s and 25s. Although the main plasma
does not change significantly during the sweep, the plasma parameters at the injection location
vary, reaching maximum valuesof T,=22eV and ne:5.5><1019 m~3with peak ion fluxes of 1.65x10%°
s Im™2athe target surface. These values were determined by Langmuir probes (LP) [4] - located
close to GIM10 - while the profiles were mapped to the injection location. The T, and n, profiles
for the injection and reference discharge are illustrated in fig.2; they are well matched. The EFIT
reconstruction of the magnetic topology was used to determine the separatrix and OSP position
shownin fig.1 and marked in fig.2 with respect to the LP. The L P dataindicate that the OSP of T



and of ne are dightly shifted. The difference in the OSP corresponds to half a second of the sweep
or about 3 cm in vertical displacement.

Three spectroscopic systems were used to observe the break-up of the injected C,H,: (i) the
fibre-coupled survey spectrometer KS3inthe VIS [2] which provides an integral view of the outer
divertor, (ii) the KT3 system [3] which provides radial information over 150 mm from the UV to
the NIR, and (iii) the camera system KL1 [5] which is equipped with interference filters for CllI
and H,, and used for tomographic reconstruction. Note that all systems have arestricted view inthe
corner as well as in a small region directly in front of the injection module (chequered areas in
fig.1). However, the increase in measured photon fluxes with respect to the reference discharge,
e.g. showninfig.3for C, (Swan-band), CIl (514nm), CI1I (465nm), can be attributed to theinjected
C,H,. Thetime period correlated to available LP datais highlighted in yellow.

2. INVERSE PHOTON EFFICIENCIESFOR C,AND Y,
Inverse photon efficiencies for C, from C,H,., or more precisely, [D/ XB|& 2% siqsom VAlUES,
take the dissociation chain into account and, thus, represent an effective value. Experimentally,

these D/XB values have been determined in the following way:
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where Tohy " represents the injected amount of ethene, ¢’ the C, photon flux during the C,H,
injection, and ¢.."" the intrinsic C, photon flux from the reference discharge. 9, isin both cases
related to the bandhead of the d-a transition (515.2-516.5nm). Assuming a toroidal homogeneity
of the photon flux aswell as of the injected particle flux, the total photon flux [ph s'l] was obtained
by taking into account the outer divertor area of about 6.9 me. Figure 3 showsthat quj isonly twice

intr.

as large as ¢, ', thisis typical of a circumferential injection and shows the difference to local
injections 0. >>¢.""". The photon flux for the complete electronic transition can be determined by
applying a correction factor f, which takes the rovibrational population into account. For L-mode
discharges, T, is about 4000 K [6] and f = 15.

The OSP sweep is equivalent to a variation of the plasma parameters at the injection location.
Fig.4(a) shows[D/ XB|¢ 1% s165mm aSafunction of the mapped ng and T, values. Two cases have
to be distinguished: (i) injection into the SOL, the injected particles flow towards the separatrix
wherethey will beionised or dissociated, and (ii) injection into the PFR, the injected particles flow
towards an open volume and can escape into the inner divertor. The later situation was observed
herefor t>23.5swhich coincides with the maximum of theneand ion density profile. Inthefollowing
we assume that t = 23.5s determines the position in the sweep where the OSP islocated at GIM10.
D/XB values are no longer justified for t>23.5s due to the loss of particles into the PFR (green-
coloured areain fig.4). For acomparison, the dotted lines indicate the position where according to
the magnetic reconstruction the OSP is located on GIM 10.



Fig.4(a) shows the dependence of the effective D/XB value on thelocal plasma parameters. In the
first phase D/XB decreases strongly with increase of ne and T, down to 2200, while the decrease
becomes |ess prominent for the next 0.5s when T, decreases but ne still increases. The D/XB value
is 1600 for the maximum ion flux. These values are higher then those reported in [ 7]. Applying the
photon efficienciesto ;" providestheintrinsic particleflux Fic“;ffyand theflux ratiowith I, deduced
from Hg and including amolecular correction [3], gives the chemical erosion yield for CoHy (fig.
4b). However, the conversion in Y;>!vis most reliable at the location of the hydrocarbon source,
whichis - asweshall see — mainly at thelocation of highest ion flux. Finally, the D/XB vauesand
the erosion yield present an upper limit, and both have to be reduced by approximately 25% due to
vignetting of the KS3 line of sight. Thus, we determine Y;>!"to be at most 2% at the local surface
temperature of about 450K. Note that the erosion yield Y;>!*determined in this experiment is

comparable with the values given in [2].

3. SPATIAL DISTRIBUTION OF THE SOURCE

Thetime evolution of the radially resolved C, light pattern for the discharges with C,H, injection
(bottom) and H, injection (top) is depicted in fig.5. Owing to the vignetting, KT3 is not able to
provide information nearby the lower vt. Two general cases can be distinguished though. (i) The
OSPisfixed on the ht and the light emission is concentrated in afew channels next to the OSP. (ii)
The OSPisfixed on the vt and the light emission is smoothly spread over the whole outer divertor.
The integral over al channels, and thus the hydrocarbon sources, for both cases are quite similar,
but the distribution is completely different. The hydrocarbon injection modifies the light pattern
only sightly, but changes the absolute values for both cases.

The tomographic reconstruction of ClIl and H,, for two different OSP positions is shown in
fig.6. Regarding the neutral species, H, the maximum emission is for both cases |located near the
OSP, but when the OSPis fixed on the vt an additional emission zone aong the separatrix occurs.
This second emission zone is even more pronounced in the case of the ionic species c*, Although
no reconstruction for C, exists, one may apply this knowledge to C,. The light emission along the
separatrix may explain the smoothed and homogenous radial distribution of the C, Swan-band
head. However, detailed modelling of the break-up chain is necessary to prove this.

CONCLUSION

The D/XB values for CoHy, their dependence on the local plasma parameters Te and ne, the light
pattern of different break-up productsand the upper limit for Yc‘fliiyof about 2% at apeak impinging
ion flux of 1.65x10% s™Im™2 are the main results of the experiment presented here. These results
have to be compared with simulations from the ERO code and will help to verify the code and the
database for C,H, .
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Figure 1: Outer divertor: strike-point sweep and

Figure 2: Local T, and n profiles.
spectroscopic systems.
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Figure 3: Photon flux time evolution.
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Figure 4 (a) D/XB for C, from C,H,. (b) The erosion yield for C, from C,H,.
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Figure 5: Radial distribution of the C, photon flux in

the outer divertor measured with KT3.
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Figure 6: Tomographic reconstruction: OSP on ht (left)
and vt (right).
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