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In optical methods of plasma diagnostics in large fusion devices (FD) the use of first mirrors (FM) is supposed.
To make the right choice of FM material the modeling studies are needed of the degradation rates of reflectance and
image transmission quality (ITQ) under sputtering in FDs. In the present paper the method is suggested and applied for
evaluation of ITQ. The use of scheme with photoelectrical registration of the luminous object image allows measuring
the dynamics of the change of the contrast and resolving power of mirror depending on the depth of layer eroded due to
bombardment with deuterium ions. As an example, the comparative results are presented on degradation of optical
properties of two Cu mirror samples with coarse-and small-grain structures.

PACS: 28.52.-s; 42.82.Bq; 42.88.+h
INTRODUCTION

Optical methods of plasma diagnostics are
routinely used at fusion devices. In the reactor-grade
fusion devices (e.g., ITER) the optical systems have to
include such in-vessel components as the first mirrors
(FM). The main demand to FM is the high resistance to
damaging factors in a harsh ITER environment. Such
factors are: gammas, neutrons, x-rays, and charge
exchange atoms (CXA). As was shown previously in
NSC KIPT, for metallic FMs the most critical factor is
bombardment by CXA leading to development of the
roughen surface, i.e., to degradation of reflectance and
deterioration of the mirror ability to transmit an image.

At the present day the FM program in NSC KIPT
is based on modeling experiments with investigation of
effects of long-term bombardment by deuterium plasma
ions on optical properties of mirrors from different
materials with different structure.

To control the quality of the image transmission
by tested mirror, the resolving power was measured
earlier by means of the collimating system OSK-2. Such
measurements are not vivid and have a rather subjective
character. Recently, the special optical stand was
designed and built up with the scanning arrangement and
a photomultiplier giving a possibility to measure the
profiles of the strongly enlarged image of the
incandescent lamp filament by means of the scheme that
includes the mirror under the test. To demonstrate the
prospects of such an approach, the first comparative
results were obtained on the dynamics under ion
bombardment of an image transmission quality (in terms
of resolving power and contrast) for two copper mirrors:
with fine- and coarse-grained structures.

TEST STAND

Fig. 1 shows the main components of the stand: 1)
incandescent lamp SI16-40 (the width of the W ribbon is
0.66 mm), 2) diaphragm with a round aperture, 3) the
mirror under consideration, 4) objective, 5) standard
spectral slit, 7) photomultiplier.

The Iuminous flux from the lamp falls at angle of

45° on the mirror sample through the diaphragm aperture
intended for suppression of a parasitic background; after

reflection from the sample the light passes through an
objective which focuses the enlarged image (m=7) of the
incandescent lamp ribbon in the form of a rectangle in the
plane of a scanning slit.

«————

Fig. 1. The block representation for investigation of the
image quality of the tested mirrors

A spatial scan in the plane of the light source image
was provided by simultanecous moving of the slit -
photomultiplier block fixed at a special table with a reading
scale. Before providing measurement with the mirror
samples, the initial characteristics of the whole optical
scheme itself were studied. For that an “ideal” mirror (Al
film on a high optical quality quartz substrate) was installed
instead of the test mirror, and the image of the light source
was measured. As seen (Fig. 2), the image is not strictly
rectangular. The smeared edges (i.c., the side transition
regions along the X axis) are due to imperfection of the
resolving power of the objective and mirror and due to
diffraction on the slit in front of the photomultiplier. The
image shown in Fig. 2 can be taken as an instrumental
function of the optical scheme of the stand.
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Fig. 2. Distribution of brightness of an enlarged image of
the incandescent lamp ribbon at a transverse scanning
with an ideal mirror (Al) in use
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The quantitative estimations of resolving power were
provided in accordance with the Raleigh criterion.
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Fig. 3. The scheme of determination of the contrast and
the limiting linear (and angle) resolution

RESULTS

The specificity of measurement of resolving power
is in the next. After measurement of distributions of the
incandescent lamp ribbon image, we conceive these
distributions as two independent light sources. By
changing the distance between them we shall create the
situation when the depth of depression in the total
intensity of overlapping contours starts to correspond to
requirement of the Raleigh criterion.

An idealized picture is shown in Fig.3. In this
figure is also presented the definition of the contrast for
our condition as:
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where B is brightness of the image, and Bnax and B, are
shown on the graph.

To gain insight about possibilities of the given
approach for evaluation of the image transmission quality
we compared the dynamics of image transmission for two
Cu mirrors with different structures (small grains and
large grains) that were subjected to long-term ion
sputtering. The results of measurements with
abovementioned method are shown in Figs. 4 and 5.
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Fig. 4. The set of curves for dependences of light intensity
transmitted by the small-grain Cu mirror on the linear
size of the light object at successive exposures to ion
bombardment. Total times of exposure are in the insert

As seen from graphs of Figs. 4 and 5, the intensity of the
central part of image decreases with every next sputtering
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exposure and at the same time the intensity in wings rises.
Such a dynamics of a ribbon image is explained by rising
the portion of scattered light because of appearance and
development of the roughness on the mirror surface with
increasing the total time of ion sputtering. Note that the
lateral sides of transmitted images are continuing to be
straight lines for both Cu samples, what indicate on partial
maintenance of a specular component of the image
transmitted by samples. From comparing data for both
mirror samples one may conclude that the rate of
degradation of transmitted image quality is significantly
faster for the small-grain sample (Cu #1) than for the
large-grain sample (Cu #2).
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Fig. 5. The set of curves for dependences of light intensity
transmitted by the large-grain Cu mirror on the linear
size of the light object at successive exposures to ion
bombardment
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Fig. 6. The image contrast of two objects upon the
distance between their opposite points after successive
exposures for mirror Cu #l1
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Fig.7. The image contrast of two objects upon the
distance between their opposite points after successive
exposures for mirror Cu #2



It is necessary to note that the difference in structure of
With an aim to obtain a pictorial view on dynamics of the mirror samples was found out after preliminary
resolving power and contrast the data shown in Figs. 4  exposure. Therefore, on our regret, the presented results
and 5 were handled by means of the procedure described do not relate to the degradation of optical properties
above, and the final results are presented in Figs. 6-8. In  beginning from the initial state.
Figs. 6,7 the change of the contrast of image for two
objects is shown as functions of increasing distance CONCLUSION
between their opposite points at successive exposures.

In Fig. 8 for both mirrors the dynamics of It was found that after similar ion fluence the fine-
degradation of resolving power is shown as function of  grained copper mirror degraded faster and became to
the depth of layer eroded due to ion sputtering. The have much higher portion of a diffusive component of
resolving power was found as a reciprocal value of the  reflected light than the coarse-grained mirror.
limiting angle [0 (sec)] resolution between two luminous
objects. On our point, the described method allows:

1. To obtain a vivid picture on degradation of the quality

. of an image transmitted by the first mirror which is
300501 \ being gradually sputtered by charge exchange atoms
5 .\C“ #2 flux in the ITER environment.
: "
a . . 2. To obtain for the given optical channel the
'Eo,ozs~ \.] Cu #1 °\ quantitative data on the time dependence of degradation
E . .- i of resolving power in the angle (seconds™) or linear

— (cross strokes per mm) units.
05 1.0 15 20 25 3. In combination with data on reflectance, to have more
Thickness of sputtered layer, mm complete information on the rate of degradation of the in-

vessel mirror being exposed in large fusion devices.
Fig. 8. Degradation of the resolving power of mirror

samples Cu #I and Cu #2 for K=0.25 with increasing the
depth of layer eroded by ion sputtering

SKCIIEPUMEHTAJIBHOE MOJEJIMPOBAHUE BJINAHUSA BOMBAPIUPOBKH ITEPBBIX 3EPKAJI
INOTOKAMM ITEPE3APSI’KEHHBIX ATOMOB
HA KAYECTBO NEPEJABAEMOI'O H3OBPA’KEHUS B ITER’e

B.I'. Konoeanos, A.H. lllanosan, O.10. Bonakoea, B.C. Boiiyensn

B onrtudecknx MeTo#ax MUATHOCTHKH Ha KPYIHBIX TEpMOsIEpHBIX ycTaHoBKax (TSY) npeamonaraercss HCHoiIb30BaTh
nepebie 3epkana (I13). Tlpu BeIOOpe Matepumana mms 13 HEOOXOIUMBI MOJCIBHBIC UCCICIOBAHHS JCTPAAlllU, Kak
ko3¢ unmenTa oTpaxeHus, Tak u kadectBa uzobpaxenus (KIIW) mpu pacmeuienun B ycnousx TAY. B manHoi
pabote mpemioxeHa U npuMmeHeHa metoanka oreHkH KIIM ¢ ucrmoms3oBanneM (DOTORIEKTPUYIECKON perucTpanun
n300pakeHNs 00BEKTa, MO3BOJISIOMIAS H3MEPUTh THHAMUKY M3MEHCHHS KOHTpAacTa M pa3pelIarneil crnocoOHOCTH 1Mo
Mepe YBETUYCHHUS TONIIMHBI PACTIBUIEHHOTO CJoA TpH OoMOapanpoBKe 00Opas3loB MOTOKAMH HOHOB JEHTEpPHEBOI
Iu1a3Mel. B KauecTBe IprMepa NMPUBOAATCS PE3yIbTaThl HCCIENOBAHMS AETPalallii ONTHYECKUX XapaKTEPUCTHK JABYX
ME/IHBIX 00pa3IoB C KPYIMHOW U MEJIKO3EPHHUCTOM CTPYKTypaMu.

EKCIHEPUMEHTAJIBHE MOJIEJIIOBAHHSA BIIVIUBY BOMBAP/INPOBKU INEPIINUX N3EPKAJI
IMOTOKAMM NEPE3APAI/KEHNX ATOMIB HA SAKICTb ITIEPEJABAE€MOI'O 306PAKEHHS B ITER’i

B.I'. Konoeanos, A.H. Illanosan, O.10. Boakoea, B.C. Boituens

B ontmuHMx Merogax MIarHOCTHKM Ha BEJIMKUX TepMmosiiepHux ycraHoBkax (TSY) mnepenbauaerncs
BuKopHcToByBatd mepmi m3epkana (I113). Ilpum BubGopi matepiamy s I1JI3 HeoOXimHI MOAETBbHI JOCIHIIKEHHS
Jerpajanii sk KoeQilieHTy BigoOpakeHHs Tak i sikocTi 300paxenHs (SI13) npu pos3nunenHi B ymoBax TAY. B naniii
po0boTi 3ampornoHoBaHa i 3acTocoBaHa Merojuka ouiHkd SI13 3 BukopucraHHsAM (OTOENEKTPUYHOI peecTparii
300pakeHHs 00'€KTY, SKa JO3BOJISIE BUMIPUTH JUHAMIKY 3MiHH KOHTPACTY 1 pO3JUILHOT 3[aTHOCTI 110 Mipi 301/IbIICHHS
TOBUIMHHU PO3MMJICHOro mapy npu OomOapayBaHHI 3pa3KiB IOTOKaMu 1OHIB JeirtepieBoi mia3mu. SIK mpukian
HABOAATHCSI PE3yJbTATH IOCIIDKCHHs Jerpajialii ONTHYHHX XapakTepUCTHUK TBOX MIJHHUX 3pasKiB 3 KPYITHOI Ta
JPiOHO3EPHHUCTOIO CTPYKTYPAMHU.
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