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The use of retro-reflectors (RR) will be 
envisaged for two plasma diagnostics in 
ITER: i) poloidal and ii) toroidal multi-
channel polarimetry. 

i) poloidal polarimetry is supposed to operate 
at a single wavelength of 118 µm [1] 

ii) toroidal polarimetry will make use of a dual-
frequency CO2-laser 
interferometer/polarimeter [2], operating at 
wavelengths of 10.6 and 9.27 µm. 
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Sketch of the poloidal polarimetry system (at 118 µm)
showing rays and locations of retro-reflectors. 

CXA flux will be attenuated by a factor of 2-3 
in comparison with the flux to the first wall.



Sketch of the toroidal polarimeter/interferometer (at 10.6 and 
9.27 µm ) showing l.o.s. and locations of retro-reflectors. 

CXA flux will be attenuated factor >10 in 
comparison with flux to the first wall.

Average distance from laser 
to retro-reflectors 40-50 m.



Poloidal distributions of CXA fluxes to the first wall in 
two cross sections: with and without gas puffing 

(A.Kukushkin, private communication)
Thickness of the first wall layer 

eroded due to CXA sputtering for 
the whole time of ITER operation:

W ≅ 1 µm
Mo ≤ 10 µm
Rh ≤ 20 µm
SS ≥ 50 µm

For retro-reflectors of the poloidal 
system the thickness of eroded 
layer will be factor 2-3 less. 
For polycrystal Mo mirror with 
eroded layer ~5µm thick the mean 
roughness value can reach ~1µm 
what will not lead to degradation 
of reflectance at λ = 118 µm. 
For λ ≅ 10 µm similar small effect 
will be with ~0.5µm eroded layer 
in thickness.



To shorten the time of simulation experiments, the long-term sputtering effects 
on properties of retro-reflectors were studied with Cu mirrors instead of Mo 

mirrors because of big difference of ion sputtering erosion. 

3 mirrors from oxygen-free copper and 3 mirrors from were bombarded with 
wide energy distribution D+ ions up to ~5µm uppermost layer eroded and 

reflectance of every set of three mirrors in series was measured at λ=118µm 
and λ=10.6µm. 

CuCrZr alloy mirror after sputtering 
~5µm 

Oxygen-free copper mirror after 
sputtering ~5µm 



Sputtering not only affects the reflectance of a retro-reflector and width 
of reflected beam but changes the angle of polarization also, what can 

be serious obstacle for the polarimetry of plasma

Scheme of measurement of long-
term sputtering of Cu mirrors on 
modification of the polarization 
angle for λ=10.6µm. Symbols “ I”
and “ E” are for initial mirrors and 
mirrors eroded by ion sputtering 
to depth ~5µµµµm.
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The reflectance of every set of three mirrors in series was measured at 
λ=118µm and λ=10.6µm as shown in figure.
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Comparison of calculated (by A.Malaqias; lines and solid 
points) and measured by ellipsometry (light points) data on 

polarization angle rotation of the light at λ=632.8nm reflecting 
from the Mo mirror coated with different thickness of C film. 

Angle of incidence is shown near every curve.
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Polarization angle is rotated when surface of RR is coated with C 
film. The effect depends on the incidence angle and for single 

reflection at λ=10µm from Rh mirror is below critical value 0.01° for 
the C film thickness bellow 50nm if angles of incidence is < 40°.
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Conclusion
• Experiments with Cu mirrors show that sputtering of the top 5 µm layer 

from a polycrystalline Mo mirror would not result in a noticeable 
decrease of reflectance at λ = 119µm, and thus polycrystalline Mo can 
be used as material of retro-reflectors for the poloidal polarimetry
system. 

• For the toroidal polarimetry system with much shorter wavelengths 
(λ=10.6µm) a similar rate of sputtering is absolutely inadmissible due to 
much longer path length of the probing beam. Thus, the divergence of 
the reflected beam would play a more serious role. To avoid this, the 
geometry of the holes in which the Mo RRs are mounted, have to 
provide an attenuation of the CXA flux to the RR surface by more than  
an order of magnitude as compared to that at the first wall flux. 

• It was shown that microrelief which will be developed on the surface of 
RR in ITER due to long-term CXA sputtering can significantly change 
both the reflectance and polarization angle of reflecting beam.

• Polarization angle will be changed also if surface of RR is coated with C 
film. The effect depends on incidence angle and for single reflection at 
λ=10µm from Rh mirror is below critical value 0.01° for angles of 
incidence less than 40°.


