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ABSTRACT: Generation of metal dust in the JET tokamak with the ITER-like wall and morphology of particles is a topic of vital 
interest to next-step fusion devices because of safety issues in plasma operation. Simultaneous Nuclear Reaction Analysis (NRA) 
and Particle-Induced X-ray Emission (PIXE) with focused 4 MeV 3He micro-beam were used together with electron microscopy 
methods to analyse dust collected from the deposition zone on the inner divertor tile. The particles found are composed of a mix of 
co-deposited species up to 100 x 120 µm in size with the thickness of 30-40 µm. The main constituents are: deuterium from the 
fusion fuel, beryllium and tungsten originating from the main plasma-facing components, nickel and chromium from Inconel grills 
of antennas for auxiliary plasma heating. Elemental concentrations of major and minor elements have been estimated by semi-
quantitative iterative NRA-PIXE analysis. NRA-PIXE data acquisition and analytical procedures are presented and main results 
elaborated. 

INTRODUCTION 
Plasma-surface interaction processes in devices for con-

trolled thermonuclear fusion cause erosion of plasma-facing 
components (PFC). This is followed by migration and re-
deposition of eroded species and, as a consequence, the modi-
fication of wall materials and fusion plasma. Plasma dynamics 
in a tokamak includes transport of eroded particles down to-
ward the divertor. Joint European Torus (JET) is the world’s 
largest operating tokamak with the closest proximity (shape of 
the vessel and divertor) to the International Thermonuclear 
Experimental Reactor (ITER), which is under construction in 
France. JET has unique capabilities to handle beryllium and 
radioactive tritium. Wall materials are beryllium (Be) in the 
main chamber wall and tungsten (W) in the divertor1,2. The 
same material configuration will be in ITER3,4, therefore JET 
with its ITER-like wall (JET-ILW) serves as a large-scale test 
bed for plasma operation with metal walls. 

A certain part of material eroded from the walls will be 
converted into dust. Its formation in present-day machines 
does not pose operation issues, because quantities are small, 
especially in the presence of metal walls. In JET it is around 1 
g per experimental campaign comprising 19 – 25 h5,6. Howev-

er, in ITER generation of large quantities of loose particles 
will create serious problems, because dust is a radiological (T 
and activation products) and toxic (e.g. Be) hazard. Typical 
dust particle size is likely to be < 150 μm. It is chemically 
reactive with water and oxygen in the case of water leak or 
massive air ingress. For that reason comprehensive characteri-
zation of wall components and dust has been carried out in 
current fusion devices. A list of papers published until year 
2011 mostly for carbon wall machines has been compiled by 
B. Braams3, while recent works deal with JET-ILW6,7 and 
ASDEX Upgrade8. 

The goal of this work is to perform micro-analysis of dust 
from JET by means of ion-beam analytical methods and with 
the aid of SEM methods. Ion micro-beam has been used in the 
past for studies of PFC surfaces9-13, but to our knowledge this 
is the first work where these techniques have been applied for 
characterisation of locally sampled dust from fusion devices. 
Therefore, methodology of studies will be introduced, follow-
ing by the presentation of semi-quantitative concentrations 
obtained for major and trace elements in the analysed material. 

 

EXPERIMENTAL SECTION 



 

Dust was sampled using a sticky carbon pad from the inner 
divertor tile after the second ILW campaign (2013-2014) 
comprising 19.5 h of plasma operation (13.5 h of X-point 
plasma) with total energy input of 201 GJ. A drawing in Fig-
ure 1 (a) shows the poloidal divertor cross-section with 
marked positions of dust sampling. In the insert one perceives 
a plastic cup at which bottom there is a tab equipped with a 
sticky pad. This procedure delivers samples ready for further 
analyses by ion or electron beams. An image in Figure 1 (b) 
presents the High Field Gap Closure tile (HFGC, Tile 0) from 
the inner divertor. The tile has two distinct areas: a part with-
out deposition on the shiny tungsten coating and a zone cov-
ered by co-deposit containing a mixture of elements. Sam-
pling, marked with a red spot, was done in that deposition 
zone. In the insert there is an actual sample with a marked area 
of micro-analysis. One may perceive only small amount of 
matter sticking to the pad (especially shiny region at the left), 
thus indicating that dust and/or co-deposit was sticking well to 

the tile surface. 

It was expected that the sample could contain D, Be, W, Cr, 
Fe, Ni, and possibly some Mo, Cu, N, C and/or O, in line with 
the surface analysis of tiles and wall probes exposed during 
the first JET ILW campaign14-16. Therefore, those have provid-
ed bases for the selection of dust analysis conditions with 
micro-beams.   

Dust morphology studies were performed at the Warsaw 
University of Technology, Poland. For this purpose scanning 
electron microscopy (SEM, Hitachi SU-8000 FE-SEM) com-
bined with energy-dispersive X-ray spectroscopy using silicon 
drift detector (EDS, Thermo Scientific Ultra Dry) capable of 
detecting both beryllium and heavier elements was used. The 
electron beam energy in the studies was typically 10 keV, but 
on several occasions low energy (1 or 2 keV) was applied. 
SEM EDS can provide only surface information in the depth 
of up to 1 µm and cannot detect deuterium presence in the 
samples.  

Therefore we decided to use Ion Beam Analysis (IBA) 
methods to detect all the above elements expected in the sam-
ples, including deuterium. In addition, compared to SEM, IBA 
methods can provide information on the presence of these 
elements in larger depths comparable with the expected dust 
particles’ thickness. Among the IBA methods, Nuclear Reac-
tion Analysis (NRA) can be used to detect light elements like 
deuterium, beryllium, carbon, etc. We selected to work with 
3He ion beam since the nuclear reaction D(3He, 4He)p is wide-
ly used to detect deuterium17. At the same time it can also be 
used for the detection of Be, C18 and some other light elements 
like N and B. Simultaneously Particle Induced X-Ray Emis-
sion (PIXE) spectra can be measured to detect heavier ele-
ments. A 4 MeV 3He ion beam was used since this is optimal 
energy for transmission through our accelerator system. At 
this energy reasonable NRA and PIXE yields can be achieved 
simultaneously with well-focused ions inside our ion micro-
probe. 

IBA measurements were performed at the Ruđer Bošković 
Institute using ion microprobe facility19. However, standard 
ion microprobe chamber configuration was modified to allow 
simultaneous PIXE and NRA measurements with installed 
non-standard large area and large depth particle detector. 3He 
ion beam from the Alphatross ion source was accelerated to 4 
MeV by the 6 MV tandem electrostatic accelerator, and fo-
cused by a triplet magnetic quadrupole lens system to about 6 
µm spot size and raster scanned over selected samples. The 
3He ion beam current was in the range between 50 and 100 
pA. Ni and Cu grids (mesh 500 and 1000) were used to esti-
mate the ion microbeam resolution and the size of the raster 
scan areas from two-dimensional (2D) distribution of Ni K 
and Cu L PIXE X-ray line intensities. Focused  3He ion beam 
was scanned over a rectangular scan patterns with a size of 
320x320 µm2 and 128x128 pixels. Simultaneously NRA and 
PIXE spectra were collected. 

Figure 1 (a) Poloidal cross-section of the JET-ILW divertor with 
marked position of dust sampling; (b) inner divertor tile and the 
position of dust sampling for studies presented in the paper. The 
insert shows the carbon sticky pad used for dust sampling. 



 

PIXE spectra were collected using a 30 mm2 Si(Li) detector 
with a 12.5 μm Be window placed at 135° relative to the beam 
direction at a distance of about 4 cm from the target and detec-
tor solid angle of 0.0176 sr. The effective detector X-ray ener-
gy resolution was about 160 eV (for the Mn Kα line). NRA 
spectra were detected by the Partially Depleted Silicon Surface 
Barrier detector (PDSSB) ORTEC BA-022-300-2000 with 
depletion depth of 2000 µm, with nominal active area of 300 
mm2 collimated to 230 mm2 and placed at135 ±19 deg. The 
detector was positioned as close as possible to the sample to 
increase the solid angle for particle detection. The solid angle 
was determined by measuring simultaneously PIXE and RBS 
(Rutherford Back-Scattering) spectra of pure Ti and Ni thick 
foils and thin Cr film (48.5 μm/cm2) on polyester backing 
using a focused 4 MeV 3He ion beam in the same detector-
sample geometry as for the actual measurements on the dust 
samples. The resulting detector solid angle was determined to 
be 0.462 sr. For NRA measurements in front of the PDSSB 
detector 9 μm thick titanium and 12 μm thick mylar foils were 
placed to absorb the low-energy elastically backscattered 
primary particles from the target and to reduce pile-up back-
ground. The whole setup was kept in the ion micro-beam 
chamber under vacuum (10-7 bar) produced by the turbo-
molecular vacuum pump system. 

PIXE and NRA data were digitally recorded with the 
SPECTOR data acquisition software20 in a list file. Such list 
files were used for off-line analysis to create PIXE and NRA 
spectra from selected regions within the measured raster areas. 
Afterwards, NRA and PIXE spectra were analysed by the 
SIMNRA21,22 and GUPIXWin software23,24 packages. The 
large PDSSB detector aperture and solid angle resulted in a 
spread of exit and reaction angles. Therefore, NRA spectra 
simulations with SIMNRA were performed for scattering 
angles between 154 and 116 deg (i.e. for 135 ±19 deg). Final 
simulated spectra were obtained by the integration (summa-
tion) of such simulated spectra with respective weighting 
factors to account for geometrical effects due to this large 
detector solid angle.  

Measured NRA spectra were simulated with the SIMNRA 
using differential cross-sections available from IBANDL 
database of the IAEA25. This database provides useful cross- 
sections for IBA methods, including NRA. However, differen-
tial cross-section data for reactions are available only for lim-
ited scattering angles. For example differential cross sections 
for D(3He, 4He)p reaction are available for 135 deg26 and 86 
deg17. Data for 135 deg are available for 9Be(3He, p0)11B only 
for 3He energies of up to 2.49 MeV27. For larger 3He energies 
data are available for 150 and 90 deg28. According to available 
data the difference of differential cross sections for this reac-
tion for angles between 90 and 150 deg is small for the ener-
gies between 3 to 4 MeV, with the value of about 1 mb/sr28.  
In our measurement setup with the foils in front of the NRA 
detector, the peaks from thick targets coming from 9Be(3He, 
p0)11B and 9Be(3He,α0)8Be reactions are overlapped. Data for 
the later reaction are available for 90, 125 and 150 deg. Dif-
ferential cross section value at 4 MeV is about 0.4 mb/sr at 
125 deg and 0.6 mb/sr at 150 deg29. Data for 9Be(3He, pi)11B 
(i=2-7) are available only for 90 deg30. Data for 9Be(3He, 
α1)8Be are available only for the energies below 3.18 MeV. 
Therefore for semi-quantitative analysis of Be by SIMNRA 
we used only reactions 9Be(3He, po)11B and 9Be(3He, αo)8Be, 
represented by the highest energy peak in the Be spectrum 
shown at the Figure 2. This Figure shows measured NRA 

spectrum from 25 µm thick Be foil used as a standard. The 
simulation performed shows that the Be NRA signal is coming 
from the surface to the depth of about 1.8x1020 at/cm2, which 

Figure 2 Measured NRA spectrum of 25 µm thick Be foil and 
simulated NRA spectrum obtained by SIMNRA with the correc-
tion due to large solid angle. 

Figure 3 Measured NRA and PIXE spectra from the pad tape. 



 

corresponds to the depth of 15 µm in Be (mass density 1.803 
g/cm3).  

For nitrogen analysis, data are available on differential cross 
sections for 14N(3He, pi)16O (i=0-4) reactions and scattering 
angle of 135 deg31 and for 14N(3He, α0)13N reaction also for 
135 deg32. For carbon analysis, data are available on differen-
tial cross sections for 12C(3He, pi)14N (i=0-2) reactions and 
scattering angles of 90 and 159.4 deg33,34, for 12C(3He,4He)11C 
reaction at 159.4 deg33, and for  13C(3He, pi)15N (i=0-3) reac-
tions and scattering angle of 150 deg35. Figure 3 shows NRA 
and PIXE spectra of carbon pad tape.  NRA shows measured 
carbon spectrum from the pad together with simulated NRA 
spectrum obtained by SIMNRA with the geometrical correc-
tion due to large solid angle. Simultaneously collected PIXE 
spectrum shows clear presence of Na and S, with some Si, P 
and K contributions. 

 

RESULTS AND DISCUSSION 
A number of 2D scans was performed within the marked ar-

ea shown in the insert of Figure 1(b), starting from the left side 
where majority of collected dust particles are located. Figure 4 
shows 2D distribution maps of major elements from one of a 
number of selected scanned areas in this region with high 
density of dust particles. Figure 5 shows related simultaneous-
ly obtained PIXE and NRA spectra used to create those 2D 
elemental maps. Large number of dust particles of different 
sizes varying between several µm to about 60 µm is clearly 
seen. Beryllium and deuterium 2D maps are extracted from the 
NRA spectrum, which clearly shows also the presence of 
carbon. Majority of carbon signal originates from the sticky 
pad as well as Na, S, Si and K peaks in the corresponding 
PIXE spectrum which also shows that chromium, nickel, iron 
and tungsten are major elements present in these dust particles, 
together with some copper and titanium. 

Off line analysis was performed by selecting the region of 
interest (ROI) corresponding to the pixels with the presence of 
tungsten in related W 2D map in Figure 4. Related PIXE and 
NRA spectra are shown at the Figure 5 in red and marked as 
137r1. It is clearly seen that Be and D from NRA are correlat-
ed with W, Cr, Ni and Cu from PIXE while all these elements 

are correlated with dust particles. The peak at around channel 
300 corresponding to carbon is considerably reduced within 
the selected ROI. 

Elemental concentrations in dust particles were estimated 
from related NRA and PIXE spectra. For this purpose iterative 
procedure has been used after the calibration performed in a 
way as described earlier in Chapter 2 (determination of detec-
tor solid angle). In the case of dust particles of Figure 4, it has 
been shown that the Be yield in the region covering the peak 
structure around channel 520 is similar to the yield corre-
sponding to Be foil. Therefore, the iteration process started by 
fitting the NRA spectrum and assuming only the presence of 
Be and D. Multiplication factor of the number of 3He ions 
collected during measurement and the detector solid angle 
determined in such a way was used to assess the charge input 
needed to calculate first iterative concentrations of heavier 
elements present in the PIXE spectra (with B as invisible 
element in the iterative matrix procedure). The result was then 
used as another input for NRA analysis and after several itera-
tions consistent result could be obtained. 

As explained in Chapter 2, during the fit of NRA spectra it 
is very important to take into account geometrical correction 
due to large PDSSB detector solid angle. This is demonstrated 
in Figure 6, where the influence of geometrical effects on the 
analysis of NRA spectrum from the Figure 5 is clear on deu-
terium peak. While at 135 deg deuterium fit shows two peaks 
characteristic for 125 deg, our experimental spectrum has 
quite different shape, which can be well explained by taking in 
account geometrical effects due to the large detector solid 
angle. At the end of the iteration process we obtained the 
concentrations given in Table 1. 

 

Figure 5 Respective PIXE and NRA spectra from the scanned 
area from Figure 4. 

Figure 4 2D distribution maps of major elements from selected 
scanned area at the left side of the pad shown at Figure 1 in the 
region with high density of dust particles. Scan size is 320x320 
µm2 and resolution is 128x128 pixels. 



 

Table 1.Elemental concentrations for Figure 5.1 

Uncertainties of these results are combined from statistical 
and fit uncertainties and calibration uncertainties. In case of Ti 
combined uncertainty is estimated to 12%. For Ni, Cr, and Fe 
it is estimated to about 5%, and for W and Cu to about 7%. In 
case of Be and D this combined estimated uncertainty would 
be about 6%. However, uncertainties of NRA cross sections 
for 9Be(3He, po)11B and 9Be(3He, αo)8Be reactions should be 
added. In addition, we have to have in mind that this is semi-
quantitative analysis, since we assumed that our dust particles 
are flat, thick and homogeneous, which is certainly only an 
approximation as shown in further SEM analysis, but justified 
with Be and D peak shape NRA simulations. The NRA simu-
lation performed shows also that the thickness of Be is at least 
1.4x1020 at/cm2 or more, while D thickness is 2.2x1020 at/cm2 
or more. 

Figure 7 shows dust particles located at the edge of the large 
conglomerate of particles on the left side (in reference to Fig-
ure 1). Associated spectra from the scanned area and from the 
region corresponding to the presence of W in the PIXE 2D 
map are shown at the Figure 8. Elemental composition of dust 
particles is very similar to the ones from the Figure 4, except 
that deuterium shows non-even distribution. Therefore, the 
total deuterium content in the region covered by dust particles 
is lower than in the previous case, as it can be clearly observed 
from the NRA spectrum (red line) at Figure 8. 

The elemental concentrations obtained following the same 
iterative procedure are shown in Table 2. The PIXE spectra 
suggest that also some Mo could be present in the sample. The 

                                                 

1Average elemental concentrations obtained for the dust 
particles from the Figure 5, given as atomic percent (at %) and 
weight percent (w %). Uncertainties are discussed in the text. 

NRA simulation shows that the thickness of Be is at least 
1.6x1020 at/cm2 or more, while D thickness is 2.2x1020 at/cm2 
or more. 

Table 2. Elemental concentrations for Figure 8.2 

                                                 

2Average elemental concentrations obtained for the dust 
particles from the Figure 8, given as atomic percent (at %) and 
weight percent (w %). Uncertainties are discussed in the text.  

 

 Be D Ni Cr Fe W Cu Ti 

at% 91 3.3 2.9 0.8 0.6 0.9 0.5 0.02 

w% 65 0.5 13.3 3.1 2.5 13 2.6 0.06 

 Be D Ni Cr Fe W Cu Ti 

at% 96.7 0.5 1.2 0.4 0.3 0.5 0.2 0.01 

w% 81 0.09 7.0 1.9 1.4 7.7 1.3 0.06 

Figure 8 Respective PIXE and NRA spectra from the scanned 
area from Figure 7. 

Figure 6 Influence of geometrical effects on the analysis of NRA 
spectra with the evident presence of deuterium. The same spec-
trum of the Figure 5 is shown. 

Figure 7 2D distribution maps of major elements from selected 
scanned area at the right edge of the region with high density of 
dust particles. Scan size is 320x320 µm2 and resolution is 
128x128 pixels. 



 

 

Uncertainties are similar as in the previous example, except 
for D where it is larger. It is clear from the Figure 8 that deu-
terium is not evenly distributed in all particles and that some 
of them have larger D concentrations then the others. 

By moving along the marked area at Figure 1 towards the 
centre of the sticky pad, the density of dust particles drops 
considerably. A number of small particles, few of which were 
observed in the region on the left, increased a bit. Examples of 
such small particles are shown at Figures 9 and 10. Small 
particles containing Al and/or Si, in some cases accompanied 
with some other elements like Fe, Cu or Ti, were observed. 
One quite different particle was identified, containing W and 
Mo in concentration ratio of about 2:1. 

Among such small particles, we have also observed several 
larger particles or conglomerates of particles far from the high  

Table 3. Elemental concentrations obtained for the black 
rectangle in Figure 12.3 

 

density area on the left.  

An example of one such particle is shown at Figure 11. As 
seen from PIXE and NRA spectra its constitution is very simi-
lar to the ones already discussed. The particle contains mainly 
Be, with some presence of W, Ni, Cr, Fe, Cu, Ti and unevenly 
distributed deuterium. Figure 11 shows two sets of PIXE/NRA 
spectra related to two selected areas marked at the 2D Be map 
at the Figure 11 as red and black rectangles. At higher energy 
part above the D peak, NRA shows possible traces of nitrogen. 

Elemental concentrations related to the area marked with 
black rectangle were obtain following the same iterative pro-
cedureand shown at the Table 3. Obtained concentrations and 
level of uncertainties are similar to the ones related to those of 
other particle conglomerates. 

                                                 

3Elemental concentrations obtained for the area marked 
with black rectangle at Be 2D map of the dust particle from the 
Fig. 12, given as atomic percent (at %) and weight percent (w %). 
Uncertainties are discussed in the text 

 Be D Ni Cr Fe W Cu Ti 

at % 97.1 0.5 1.3 0.5 0.3 0.24 0.2 0.01 

w % 83.7 0.09 7.1 2.2 1.4 4.3 1.1 0.06 

Figure 9 Small particles. In PIXE spectra one clearly shows only 
Al, two Al with Si or Cu and Fe. One is quite different with large 
concentrations of W and Mo (with relative mass concentrations 
W:Mo of about 2:1). NRA spectra show only carbon. 

Figure 10 Another small particles with large Si content as seen by 
PIXE. Four in PIXE clearly show only Al, and one in addition 
some Al and Ti. NRA spectra show only carbon. 

Figure 11 2D distribution maps of major elements from selected 
scanned area showing one isolated particle with the size of about 
100 µm. Scan size is 320x320 µm2 and resolution is 128x128 
pixels. 

Figure 12 Respective PIXE and NRA spectra from the scanned 
area from Figure 11. 



 

 

Figures 13 and 14 show complementary information obtained 
from this particle surface by SEM analysis. Figures 13 (a) and 
(b) show respectively secondary and back-scattered electron 
images of this dust particle. Figure 14 shows Secondary 
electron images of the same dust particle in different 
magnifications.  The back-scattered electron image indicates 
surface areas of different atomic number (Z contrast). Darker 
parts are rich in low-Z elements, especially Be, while the main 
constituents of brighter areas are tungsten and molybdenum. 
The latter were most probably detached from the W-Mo coat-
ings on the carbon-fibre composite tiles. This object is typical 
for the deposition zone on Tile 0, where layers reach thickness 
of 20-40 µm. The particle is fairly large, 100x120 µm, but one 
perceives quite fractured structure thus suggesting that the co-
deposit may disintegrate to much smaller pieces. The SEM-
EDS X-ray spectrum at Figure 13 (c) shows the existence of a 
mix of low-Z and high-Z elements: beryllium, carbon, nitro-
gen, nickel, chromium, iron, molybdenum and tungsten. The 
presence of these elements as detected by SEM-EDX from the 
sample surface (up to the depth of 1 µm) is in agreement with 
the PIXE, which however shows several additional elements 
and gives information from the surface and below to much 
larger depth. Figure 13 shows small Mo L peak at about 2.3 
keV. Figure 12 shows related PIXE spectrum where the peak 
at the same position is observed and there it is marked as 
S+MoL+WM since it can be overlap of S Ka, Mo-La and with 

small contribution of W-M X-ray lines. Figure 3 shows that 
sticky pad contains S and therefore we performed quantitiative 
analysis in GupixWin without Mo (i.e. assuming that main 
contribution to this line is from parasitic S from the sticky pad 
and some contribution of W M line. The inclusion of Mo-L 
line in the GupixWin analysis results with possible concentra-
tion of Mo in the sample of about 0.8 w% or below. The PIXE 
spectra shown at Figures 5 and 8 are similar, and inclusion of 
Mo-L contribution in the analysis results with possible Mo 
concentrations of up to 2.9 w% and 1.1 w% respectively. 

 

CONCLUSIONS 
Simultaneous use of NRA and PIXE spectroscopies with 2D 

scanning of focused 3He ion beams over the areas of up to 1x1 
mm2 can be used for semiquantitative analysis of dust particles 
from tokamaks with metal like walls. Almost all major and 
minor elements can be detected, including deuterium. Due to 
low 3He ion currents it is necessary to use large area NRA 
detectors with large solid angle, which requires spectra inte-
gration over all the angles to obtain proper simulation of NRA 
spectra. Semiquantitative analysis can be obtained by iterative 
PIXE-NRA calculation procedure using GUPIX and SIMNRA 
analytical tools after calibration of the experimental setup with 
appropriate standards.  

 The method developed has been used for the analysis of 
dust particles sampled using a sticky carbon pad from the 
inner divertor tile after the second ILW campaign (2013-2014) 
comprising 19.5 h of plasma operation (13.5 h of X-point 
plasma) with total energy input of 201 GJ. 

Two types of dust particles have been found: 

1) NRA shows Be, with some D; in coincidence with Cr, Fe, 
Ni, Cu, W, seen by PIXE. Particles are present as thick ‘lay-
ers’, i.e. with Be not only on surface but spread to at least 10 
to 15 µm. Beryllium concentrations are high, i.e. larger than 
90 at%.  Deuterium concentration is up to about 3.2 at% or 
lower. Among heavier elements, tungsten and nickel are major 
elements, accompanied with Cr and Fe, together with traces of 
Ti and Cu. These are particles from JET ILW D-T operation. 
These are particles of mixed columnar and stratified structure, 
detached from the deposition zone, shaped as thick Be-based 
layers, with presence of D, i.e. fusion fuel; and including W, 
Ni, Cr, Fe, Ti and Cu, showing origin of these particles, i.e. Be 
covered tiles. The results have shown non-uniform distribution 
of species in loosely bound deposits/dust particulates.  

2) Smaller particles for which NRA shows only C (back-
ground carbon sticky tape pad) in coincidence with Na, Si S, 
P, K (background carbon sticky tape pad) and rich in Al and/or 
Si, in some cases accompanied with some other elements like 
Fe, Cu or Ti; with the exception of one quite different particle 
containing W and Mo in concentration ratio of about 2:1. 

Most of those particles could most probably be contamina-
tion, i.e. not particles resulting from JET ILW D-T operation. 
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Figure 14 Secondary electron images of the same dust particle in 
different magnifications. 

Figure 13 Microscopy images and X-ray spectrum of the dust 
particle: (a) secondary electron and (b) back-scattered electron 
images; (c) X-ray spectrum recorded in the position marked with 
a dot in image (b). 
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