
M. Rubel, J.P. Coad, K. Erents, D. Hole, G.F. Matthews, R.A. Pitts
and JET EFDA Contributors

EFDA–JET–CP(01)02-66

Material Transport in the SOL Plasma
of JET Investigated by Means of

Surface Analysis of
Reciprocating Probes



.



Material Transport in the SOL
Plasma of JET Investigated by Means

of Surface Analysis on
Reciprocating Probes

M.Rubel1, J.P.Coad2, K.Erents2, D.Hole3, G.F.Matthews2, R.A.Pitts4

and JET EFDA Contributors*

1Alfvén Laboratory, Royal Institute of Technology, Association EURATOM – NFR, 100 44 Stockholm, Sweden
2JET-EFDA, Culham Science Centre, Association EURATOM – UKAEA-Fusion, Abingdon, Oxfordshire

OX14 3DB, United Kingdom
3Accelerator Laboratory, University of Sussex, Brighton, United Kingdom

4Centre de Recherches en Physique des Plasmas, Association EURATOM – Conféderation Suisse, École
Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland

*See appendix of the paper by J.Pamela “Overview of recent JET results”,
Proceedings of the IAEA conference on Fusion Energy, Sorrento 2000

Preprint of Paper to be submitted for publication in Proceedings of the
EPS Conference,

(Madeira, Portugal 18-22 June 2001)



“This document is intended for publication in the open literature. It is made available on the
understanding that it may not be further circulated and extracts or references may not be published
prior to publication of the original when applicable, or without the consent of the Publications Officer,
EFDA, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK.”

“Enquiries about Copyright and reproduction should be addressed to the Publications Officer, EFDA,
Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK.”



1

INTRODUCTION

The large-scale use of beryllium [1] and tritium [2] at JET has limited the possibility of performing

frequent and regular inspection of the modification of plasma facing components. Relatively sparse

information exists on impurity transport and flows in the Scrape-Off Layer (SOL) plasma although

this determines largely the migration of material and thus global erosion and re-deposition patterns.

Therefore, the application of short-term plasma-inserted probes of various types is helpful as it

permits the combination of in-situ electrical measurements with ex-situ surface analysis of the

probe morphology. Results obtained with various electrical probes show a strong flow of the

deuterium background plasma directed towards the inner divertor leg. The flow is believed to drive

also impurities released from the walls. As a result, the formation of thick co-deposits containing

vast quantities of fuel species (D and T) occurs in the inner divertor [3]. This is exemplified in Fig.1

showing the distribution of D and Be on the MKII-A divertor tiles.

Our report focuses on surface studies of co-deposits on fast reciprocating probe heads. The aim

was to determine qualitatively and quantitatively species transported in the SOL, to recognise their

radial and angular distribution on the probes and thus to conclude on the preferential direction of

material transport (flows).

1. EXPERIMENTAL

JET is equipped with two fast reciprocating probe drives operated from the top of the vessel. During

a single discharge the probes can be inserted three times with each cycle requiring 400ms. The

study was carried out with two probes schematically shown in Fig.2: a retarding field analyser

(RFA) and a turbulent transport (fluctuation) probe. The first one was exposed 72 times (including

16 cycles passing the separatrix) during the C1 experimental campaign, whereas the second probe

was exposed to helium plasmas [4] and then to a series of discharges in deuterium with silane

(SiH4) and C-13 methane (13CH4) puffed to the SOL as transport markers (in C4 campaign).

Afterwards, the probe heads were dismounted from the drives and transported to a surface analysis

station. Nuclear reaction analysis (NRA) was used to determine the amount and distribution of

deuterium [d(3He, p)4He], carbon [12C(3He, p)14N], beryllium [9Be(3He, p)11B] and boron

[11B(p, α)9B].

2. RESULTS AND DISCUSSION

Fig. 3 presents an angular distribution of species measured around the circumference of the carbon

cap of the RFA probe. The results obtained for the inconel slit plates of this probe are inserted into

Table 1, whereas the data in Table 2 show the comparison of deposition efficiency given in terms of

a concentration ratio for respective elements detected on the surface. The distribution of species

transported in the SOL and then deposited on the two probes is clearly not uniform. On the ion drift

side it is by a factor between 2 and 3 greater than the other side. Moreover, this result is in agreement

with the Mach measurements (data from the same experimental campaign are shown in Fig. 4)
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detecting the preferential flow direction of the deuterium background plasma towards the inner

divertor leg. Accumulation of deuterium on plasma facing surfaces is predominantly associated

with its co-deposition together with impurity atoms [5]. The analysis of the RFA slit plates reveals

carbon as the major impurity species deposited the SOL. This result together with the determined

preferential flow direction strongly contributes to the clarification of the origin of thick carbon

deposits in the inner divertor.
Table 1: Deposition on the inconel slit plates of the RFA probe head.

   Element i-side e-side

C (1017cm-2)         3.5-4.4          1.5-2.2

D (1017cm-2)         1.2-1.4 0.3-0.4

B (1017cm-2)        0.07-0.12         0.04-0.06

The other impurity element found on the analysed surface is boron. Its presence is most probably

associated with erosion of the boron nitride part of the probe itself (for details see Fig. 2), followed

by the local re-deposition of sputtered species. The statement is partly supported by images of a

CCD camera proving the release of a particle cloud from the fluctuation probe during its insertion

in the plasma.

No beryllium was found on the probes indicating that the amount of this element was below the

detection limit of the NRA technique (~ 1 x 1017 at cm-2). Taking into account the total exposure

time of the RFA probe (~28s), the upper limit of the Be flux can at this radial position be estimated

to not exceed 4 x 1015cm-2 s-1.
Table 2: Comparison of deposition efficiency of various species from the ion and electron drift directions.

Probe Areas Analysed D B C

Turbulent Transport Ion Side/Electron Side 2.3 - -

RFA Cap/Slit(ion)
Cap/Slit(electron)
Cap(ion)/(electron)
Slit(ion)/(electron)

2.5
2.5
2.5
3.0

12.1
12.0
2.0
2.1

-
-
-

2.2

JG
03

.4
79

-6
c

SUMMARY AND CONCLUSIONS.

Deuterium is incorporated in the deposited films on the probes and its analysis shows that the

impurity (mainly carbon) ion flux densities from the ion drift direction are by a factor 2 – 3 greater

than those measured on the electron side. The result obtained by means of surface analysis of the

both probes is in line with the flow of deuterium determined by the Mach measurements. Boron

detected on the carbon fibre cap of the RFA probe most probably originates from erosion of the BN

part of the probe. The contribution of boron from the second probe (i.e. turbulent transport made of

BN) operated in parallel with the RFA is less probable because there is no direct magnetic connection

between the probes.
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In conclusion, it is stressed that this study allowed the identification of major impurities in the

SOL and the preferential direction of material transport. Further measurements are under way in

order to quantify fluxes of impurities (C and other species) injected to the torus as transport markers.
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Figure 1: Deposition pattern of deuterium and beryllium on the MkII-A divertor tiles.
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Figure 2: Schematic view of the probe heads: (A) RFA
and (B) turbulent transport.
a: Boron nitride assembly.
b: Carbon fibre cap.
c: Entrance diaphragms and RFA slit plates (inconel)

on both sides of the probe, i.e. facing the ion and
electron drift directions.

d: Boron nitride body.
e: Carbonized end of the probe.
f: Three sets of electrical probes.

Figure 3: Distribution of deuterium and boron on the
cap of the RFA probe.

Figure 4: Mach profiles measured with the RFA probe.
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