JAERI-Tech

DESIGN OF DIVERTOR IMPURITY MONITORING SYSTEM FOR ITER

Tatsuo SUGIE, Hiroaki OGAWA
Jun KATSUNUMA*, Mitsumasa MARUO"
Toshiro ANDO and Satoshi KASAI

BERFDAZRPMN
Japan Atomic Energy Research Institute




Al bk, BERFAOMERPREIICRTILTO 25ERES

AFOlALEE, OARTAMATHIERIERR (T 31
HAR) T, BRLEBLIKESZ O, 48, Jo@srcilik AR FhhBERENE 7 —
(T 318-11 IRRFITES R B AR T/ FHA) TREC L ZFEHBNZE I -T
BhET,

B2TY,
9

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research
Information Division, Department of Intellectual Rescurces, Japan Atomic Energy

Research Institute, Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1996
HmEEFE ST H&ERFAHEE
Ell ol SREAS EN I sy .

-11 RBEIEE



JAERI-Tech 36-055

Design of Divertor Impurity Monitoring System for ITER
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The divertor impurity monitoring system of ITER has been
designed. The main objectives of this system are to identify impurity
species and to measure two-dimensional distributions of particle influxes
in the divertor plasmas. This system , which is one of the most important
diagnestic systems for plasma control of ITER, is nominated for the
start-up set of TTER diagnostics. The conceptual design, the optical design
and the mechanical design are mainly carried out. In order to satisfy the
required measurements, three deferent type of spectral systems are
selected corresponding te each objectives. First is the spectral system for
impurity species monitoring. Second is the spectral system for particle
influx measurement with spatial and time resolution. Third is the spectral
system with high dispersion for particle energy distribution measurement
in the divertor. The divertor impurity monitoring system is composed of
these three systems. The two-dimensional measurement in the divertor is
carried out with two viewing fans intersected each other. These viewing
fans are realized by metallic mirrcrs (made of meolybdenum or copper)

sitting in the divertor cassette.

This design work was carried out under the TTER EDA task agreement of design
task D214, 215, 216, 238, 239

{Task Agreement number: 891 TD21 95-01-20FJ, Task number: G55 TDO7) .

+1 Department of TTER Project

+2 Department of Fusion Engineering Research

*Nikon Corporation
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In the optical design, the optimization of the optical system from the
divertor to the spectrometer are carried out by using ray trace analysis.
As the result, it is difficult to satisfy the spatial resolution of 3 mm in
the divertor region. About 10 mm rescolution will be reasonable. In
addition, the measurable limit, the neutron and y —ray.irradiaticn effect
on the optical fiber, the remote handling concept and the space requirement
are considered preliminarily. The necessary design works during EDA, and

necessary R& D are also listed,

Keywords:ITER, ITER EDA, Divertor, Impurity, Monitoring Systemn,
Spectroscopy,Optical Design, First Mirror, Optical Fiber,

Visible Ray
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1. Introduction

The impurity species monitor and two-dimensional measurements of
particle influxes in the divertor plasma are very important for ITER plasma
control as well as divertor plasma. The Divertor Impurity Monitoring System is
expected to carry out these measurement and nominated for the start-up set of
ITER diagnostics as one of the most important diagnostic systems for plasma
control. As shown in the design description document (DDD) 5.5.E.04, the
objective of the Divertor Impurity Menitoring System is to obtain spatially
resolved measurements from the plasma in the divertor channel to identify and
quantify the impurity species. The line averaged measurements, in the wave
length range 200-1000 nm, have to be inverted using the magnetic configuration
and the local plasma parameters in area considered. In other words,

¢ 200 nm - 1000 nm of wavelength range,

¢ 2- dimensional measurement in the poloidal plane

are required.

The more detailed requirements for parameter to be measured, parameter
range, spatial resolution, time resolution and accuracy are summarized as shown

in table 1-1[1].

In this report, the conceptual design, the optical design and the mechanical
design of the Divertor Impurity Monitoring System are mainly carried out. In

addition, the measurable limit, the neutron and vy-ray irradiation effect on the
optical fiber, the remote handling concept and the space requirement are
considered preliminary. The necessary design works during EDA, and necessary R
& D are also listed.

Reference

[1] ITER EDA Design Description Document 5.5.E.04.
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Table 1-1 Requirements for parameter to be measured, parameter range,
spatial resolution, time resolution and accuracy [1].

12) Impurity Species Monitor

Parameter Parameter range Spatial res. Time res. Accuracy

Be influx TBD Several points 10 ms 10%((rel.)
C influx TBD TBD 10 ms 10%(rel.)
Cu influx TBD Several points 10 ms 10%(rel.)
Ne influx TBD TBD 10 ms 10%(rel.)

16) Key Divertor Parameters

Parameter Parameter range Spatial res. Time res. Accuracy

Max. surface

plate temp. 200-25000C l cm 1 ms 10%
Rad. power < 0.4 GW 10 cm 1 ms 10%
<103GWT  10cm 0.1ms 30%
Plate Ablation  To be defined
Gas pressure < 0.1 Torr  Several points 5 ms 10%
'Tonization front'
position 0-2 m ~10 cm 1 ms 10%

T At thermal quench at a disruption.

35) Impurity and D.T Influx in Divertor

Parameter Parameter range Spatial res. Time res. Accuracy

GBe. GW 1017 - 1022 at/sec 3mm Ims 30%
GD.GT 1019 - 1025 atisec 3mm 1ms 30%

37) Radiation Profile

Region Rad. power range Spatial res. - Time res.
Accuracy

Main plasma 0.01-1 MWm-3 20cm 10ms 20%
X-poin/MARFE <300 MWm-3  20cm 10ms 20%
Divertor <100 MWm-3 5¢m 10ms 30%
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2. Concept of design

2.1 Constitution of the system

In order to realize the requirements, it is better that the system should be

composed of following three kind of spectrometers.

i) Spectrometers for species monitor (Visible Survey Spectrometer)

e Wavelength resolution: ~1A
¢ Time Rsolution: 10 ms
e Spatial Resolution ' 10 em (on the divertor plate)

ii) Filter optical systems for influx measurement (Filter Spectrometer)

¢ Wavelength resolution: ~10 A
¢ Time Rsolution: 1 ms
e Spatial Resolution 3 mm - 10 mm (on the divertor plate)

iii) High dispersion spectrometers tfor line shape measurement

* Wavelength resolution: ~01A

* Time Rsolution: 10 ms

¢ Spatial Resolution 10 cm (on the divertor plate)
J— 3 J—
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2.2 Magnetic field and shielding for detector

Magnetic shield is necessary to the detector which has a image intensifier such
as a micro channel plate (MCP). The divertor impurity monitoring system have
been planned to use such detectors. It is necessary to shield the detector from the
strong magnetic field induced by the poloidal coils. The permissible magnetic
flux density of the detector, which already surrounded by the magnetic shield
materials, is about 0.01 T (100 G).

If the detector is set in the divertor diagnostic shield block located in the
divertor port as shown in Fig. 2.2-1, the estimated magnetic flux density at the
detector will reach around 1 T [1].

2.2.1. Magnetic field induced by poloidal coils

The magnetic field induced by the poloidal coils calculated by Dr A.Portone
(Naka JWS) is shown in Fig.2.2-2 along the major radius on Z=-5 and -6. The
detector will be set somewhere along the line. If we set the detector in the
diagnostic shield block located in the divertor port, the magnetic flux density is
estimated around 1T at the position of the detector (Z=-5 ~ -6 m, R=13 ~ 14 m).

LA A N R A |
1 e Bl{z=-5m)
— ¢ iBi{z=6m)

—Bio-shield

Divertor Port

Fig. 2.2-2 Magnetic field induced by the poloidal coils.

2.2.2. Rough estimation of magnetic shield

Here, we consider single layer shielding, because we assume the detector is
already surrounded by the shielding materials (such as iron and Mumetal)
against the magnetic flux density of 100 G.
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The magnetic flux density in a shielding
material Bm should be less than the value of

the saturation magnetic flux density Bsat.
Bm < Bsat (2.2-1)

If we use the cylindrical model and assume
that the magnetic field lines in the region of
twice diameter of shielding material come into

the shielding material as shown in Fig.2.2-3, the fig 22-3 Concept of magnetic
magnetic flux density in a shielding material shielding.

Bm is
Bm = Bout x2D / 2t
= Bout x (Din+2t) / t. (2.2-2)
Here, Bout is the magnetic flux density of outer region of the shield, and D,
Din, and t are the outer diameter, inner diameter and thickness of the shield

material.

From the equation (2.2-1) and (2.2-2), we can estimate the required thickness of
shielding material as a function of Bout.

We assume;
i) shielding material:
soft iron Fe, which has a large value of the saturation magnetic
field Bgat = 21.5 kG,

ii) inner diameter Din = 15 cm, and 10 cm.

Table 2.2-1 The required thickness t of the shielding material.

Din (cm) | Boyt (KG) | t{cm) D (ecm) tgo (em) Dgp (cm)
15 10 100.0 215.0 | no solution | no solution
15 8 21.8 58.6 100.0 215.0
15 6 9.5 33.9 17.3 49.6
15 4 4.4 23.9 6.5 28.0
15 2 1.7 18.4 2.3 19.5
15 1 0.8 16.5 1.0 17.0
10 10 66.7 143.3 | no solution | no solution
10 8 14.5 39.1 66.7 143.3
10 6 6.3 22.6 11.5 33.1
10 | 4 3.0 15.9 4.3 18.71
10 2 1.1 12.3 1.5 13.0
10 1 0.5 11.0 0.7 11.3

i oh ek E e ey
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The result is shown in table 2.2-1. In the table, t is the required thickness and
tgo is the thickness in case we permit 80% of the saturation magnetic field,
because of uncertainties.

From this table, the reasonable limit of Boyt is expected around 4 -6 kG. This
value is correspond to the position of the cryostat wall as shown in Fig. 2.2-2.

2.2.3. Inner magnetic flux density Bin

If we assume the spherical model, Bin is
Bin =(9/2)xBout /(w(1-Dind/D3)). (2.2-3)
The shielding factor S is

1/S = Bin / Bout = (9/2) / (W(1-Din3/D3)). (2.2-4)
(1 : permeability, 300 for soft iron)

The inner magnetic flux density Bin and the value 1/5 is plotted in Fig. 2.2-3
and 4. From these figure, it is difficult to reduce the magnetic flux density of 1 T
to less than 100 G. The reasonable limit of Boyt is also expected around 4 -6 kG.

0.06

0.05

0.04

0.03

Bi n/ Bout

0.02

0.01

0

0 02 04 06 08 1
D, /D

Fig. 2.2-3 Shielding characteristic: Bin/Bout vs Din/D.



JAERI-Tech 96-055

1000 T T T
n =300 { for soft iron )
Din=15cm
n e o
S /Bm=B sat Mbibb AL & 4
£
oM

100 ' 88 mmmno o o
ry
—C Yoot wmeese o
o

o
o
S0 g Nec o O

10
0.1 1 10 100 1000

t (cm)

Fig. 2.2-4 Inner magnetic flux density Bin vs thickness t of shielding material.

2.2.4. Conclusion

From the results of section 2.2.2 and 2.2.3, it seems that there is no feasibility
for setting the detector in the diagnostic shield block located in the divertor port.
It is better to set the detector, at least, behind the cryostat from the magnetic

shield's point of view.

Reference
[1]: Calculation by Dr A.Portone {Naka JWS),

ey sy e .
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2.3 Optical fiber

In order to relay optical images from the divertor to the spectrometer through
the vacuum vessel, the cryostat and the biological shield, two methods are
considered. One is a mirror optics and the other is a fiber optics. Here, the tiber
optics will be examined from the just outside the divertor port to the
spectrometers, so that the problem of the displacement of the optical axes due to
the movement of the divertor port will be evaded. If we will use only mirrors,
the optical system will become more complicated to against the movement. We
will consider the mirror system from the divertor port to the spectrometer in the

next phase.

It is necessary to consider the neutron and vy-ray irradiation effect on the
optical fiber at the laying location. It will be discussed in section 3.9.

The transmissivities of the UV-fiber [1] of 10, 20 and 100 m long are shown in
Fig. 2.3-1 as a function of the wavelength. From this figure, it is difficult to
measure spectral lines below 500 nm through the long optical fiber. Therefore,
spectrometers for the wavelength range of 200-500 nm should be located just
behind the biological shield. On the other hand, it is better to set the
spectrometers for over 500 nm in the diagnostic room from the accessibility and
flexibility point of view. We will be able to change the spectrometers easily
correspond to the change of the ITER experiment.

LR A A A A g

r/100m

Triom |

Transmissivity
[=]
el

0.01 i H
200 300 400 500 600 700 800

Wavelength {nm)

Fig. 2.3-1 The transmissivities of the UV-fiber of 10, 20 and 100 m long as a
function of the wavelength.
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Reference

1] Data from Mitsubishi Cable Industries, LTD.
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2.4 First mirror

In the strong field of neutron and y-ray, it is impossible to use the optical
component made by glass such as a lens, because of the degradation. The metallic
mirror should be used as a first mirror. For the first mirror, copper mirror is

listed as the ITER reference.

The reflectivity of molybdenum (Mo), copper (Cu) and aluminum (Al) are
shown in Fig.2.4-1 vs wavelength. [1] In the region of 200 - 500 nm, the reflectivity
of Mo is better than that of Cu. In the region of 500 - 1000 nm, Cu is better than
Mo. The sputtering yield of Mo is about ten times as low as that of Cu. [2]
Therefore, We consider both materials of Mo and Cu, as a first mirror at this

moment.

Another serious problem is adhesion of the dust on the mirror surface.
Unfortunately, the problem will be not considered here, because of the difficulties

and no data.

o
o)

Reflectivity
o
-

o
n

200 400 600 800 1000
Wavelength ( nm)

Fig.2.4-1 The reflectivity of molybdenum (Mo), copper (Cu) and
aluminum (Al) vs wavelength.

Reference
[1] CRC Handbook of Chemistry and Physics.
[2] Y. Yamamura, H. Tawara, NIFS-DATA-23 (1995).
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2.5 Conceptual arrangement of divertor impurity monitoring system

From the consideration in sections 2.1 - 2.4, the conceptual arrangement of
the divertor impurity monitoring system is decided as shown in Fig. 2.5.-1.

The light beams from the deferent chord of the divertor plasma are relayed by
the mirror optics in the diagnostic divertor cassette and enter the shield block
sitting in the divertor port for remote handling. The beams reflected by the plane
mirror in the shield block come into a collecting optics through a quartz window
(first vacuum boundary) located on the side wall of the divertor port. After that,
the lights focused on the deferent channels of the optical fiber array
corresponding to the chord of the divertor plasma.

The lights entered the optical fiber bundles are guided to spectrometers
through optical feed throughs (second vacuum boundary) on the cryostat. The

lights are divided into the wavelength region of 200 - 500 nm and over 500 nm,

and the light of the wavelength region of 200 - 500 nm enter the spectrometers set
on the transport cask in the pit because it is difficult to measure spectral lines
below 500 nm through the long optical fiber. The length of the optical fiber will
be less than 10 m. The light of the wavelength region over 500 nm are guided to
the spectrometers set in the diagnostic room by optical fiber bundles, so that the
accessibility for the maintenance will be better. Furthermore, we will be able to
change the spectrometers easily correspond to the change of the ITER experiment.

The transport cask will be able to remove easily together with the

spectrometers and fibers before divertor maintenance. The detailed procedure is
shown in section 4.4.

D el
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3. Optical design
3.1 Design concept and viewing fans in the diagnostic divertor cassette

In order to realize the 2D measurement on the poloidal plane both in outer
and inner divertor region we proposed four viewing fans as shown in Fig. 3.1-1.

The detailed mechanical design is in progress at Garching JCT. This is a specially
designed diagnostic cassette as one of the options.

.
|

OH le3mm
resolution

# T
A —_———————
! Tm
inner divertor '

outer divertor

Fig. 3.1-1 Viewing fans in the divertor cassette.

The 2D measurements will be carried out with two viewing fans named OV
and OH for outer divertor region, and IV and IH for inner one. The 3-mm spatial
resolution was planed only in the bottom region of the divertor plates about 18
cm long along the poloidal direction. The planed spatial resolution of the other
region was 1 cm. This was a target of optical design.

The numbers of viewing chords (channels) are listed in table 3.1-1 for each
viewing fans. The breakdown (the number of chords for each spectrometer) of
each viewing fan is also listed in it. The 2D measurements are carried out by the
filter spectrometers. Here, VSS is a visible survey spectrometer, FS is a filter
spectrometer and HDS is a high dispersion spectrometer.

The results of the optical design are shown in the following sections.

Table 3.1-1 Number of viewing chords (channels).

v IH oV OH
VSS 10 0 10 0
[FS(10 mm) 80 140 80 140
[FS( 3 mm) 60 0 60 0
[HDS 10 0 10 0
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3.2 Overview and detailed arrangement of optical penetration system

The overview of the optical penetration system is shown in Fig. 3.2-1. The
light from the divertor region is reflected by mirrors in the divertor dome and
enters a plane mirror 1 in a dog-leg tunnel.
plane mirror 2 through a quartz window and focused on fiber arrays by a mirror
oplics such as a off-axis Cassegrain type in order to avoid the chromatic

aberration, because of the wide wavelength range (200-1000 nm).

The detailed mirror arrangements are shown in Fig. 3.2-2 ~ 3. The collecting
and focusing optics is show in Fig. 3.2-4. In these figures, many abbreviations are

used as the following meanings.

v

IH

oV

OH

IV /COARSE
IV/FINE

IV/VSS-HDS

OV /COARSE :
OV/FINE

OV /VSS-HDS :

. Viewing fan IV, Viewing area of IV
: Viewing fan IH, Viewing area of IH
: Viewing fan OV, Viewing area of OV
: Viewing fan OH, Viewing area of OH

. Viewing area of IV for filter spectrometer with 10 mm

spatial resolution

: Viewing area of IV for filter spectrometer with 3 mm

spatial resolution

: Viewing area of 1V for visible survey spectrometer and

high dispersion spectrometer

Viewing area of OV for filter spectrometer with 10 mm
spatial resolution

. Viewing area of OV for filter spectrometer with 3 mm

spatial resolution
Viewing area of OV for visible survey spectrometer and

high dispersion spectrometer

After that, the light is reflected by a
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TOROIDAL MIRRCRS IN DIVERTOR-DOME

195
a) : 97 .5 7
Y 36 == 18
o I Lo M~ e .
IV GOARSE I el 2 : OV/ COARSE
88 o
Ty -
V/F INE ! s Jg; OV/ ANE
V/ VSSHDS / OV/ VSSHDS
45 45
‘\
b) DIVERTOR PLATE i

[ APPROXIMATED

i
iy T WITH STRAIGHT LINES)
| L

A

8685 mm

‘ i from \3‘1
| DOG- LEG PLANE MIRROR 1
(=1 N AL | - _
S'_’q\\ : AN
| | VERTICAL MIRROR
FCR IV & OV VIEWING FANS
130
=N
0

Fig. 3.2-2 a) Mirror arrangement for viewing fans of IV and OV. There are six
toroidal mirror for IV/COARSE, IV/FINE, IV/VSS-HDS,
OV /COARSE, OV/FINE and OV /VSS-HDS in the divertor dome.
b) Viewing fans for IV/COARSE, IV/FINE, OV/COARSEA and
OV /FINE of the filter spectrometers. A plane mirror sits in the bottom

of the divertor cassette.
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Fig. 3.2-2 «¢) Viewing fans of visible survey spectrometers (VSS) and high
dispersion spectrometers (HDS) for inner and outer divertor region.
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Fig. 3.2-3 Mirror arrangement and viewing fans of IH and OH for filter
spectrometers. There are two toroidal mirrors in the bottom of the

divertor cassette.
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Fig. 3.2-4 Collecting and focusing system. The light reflected by a plane mirror 2 is
focused on fiber arrays by a mirror optics such as a off-axis Cassegrain
type in order to avoid the chromatic aberration, because of the wide
wavelength range (200-1000 nm).
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3.3 Fiber array

In order to increase the light coming into the fiber, a taper-type light guide is
connected with each end of the fiber as shown in Fig. 3.3-1. The size of the light
guide and the image area on the divertor plate are listed in table 3.3-1 for each
viewing channel.

Optical fiber

Taper-type light guide Fiber Array

Fig. 3.3-1 Conceptual sketch of a taper-type light guide.

Aperture Area of Image Area on the Divertor Plate

Light Guide

upper

middle

lower

FS: [V(FINE)

0.2mmx 1.5 mm

2.5mmx 14.2 mm

2.2 mmx 13.0 mm

2.1 mm x 12.0 mm

FS: IV(COARSE)

0.2mmx 1.5 mm

5.1 mmx 32.5 mm

4.3 mm x 25.3 mm

4,3 mm x 25.3 mm

[Fs: OV(FINE)

0.2 mm x 1.5 mm

1.7 mm x 10.0 mm

1.8 mm x 10.5 mm

1.9mmx 11.2 mm

FS: OV(COARSE)

0.2 mm x 1.5 mm

4.9 mm X 26.1 mm

5.6 mm x 33.5 mm

7.7 mm x 44.7 mm

FS: TH 0.4 mm x 2 mm 3.0mmx 6.3 mm 20mmx92mm | 2.3 mmx 13.9 mm
FS: OH 0.4 mm x 2 mm 1.4 mm x 0.04 mm | 2.3 mm x 0.3 mm 73mmx 1.0 mm

VSS/HDS: IV lmmx L5mm [202mmx247mm [153mmx 182 mm |13.3 mm x 13.5 mm
[VSS/HDS: OV 1 mmx 1.5 mm T28.6 mm x 28.8 mm ]20.3 mm x 202 mm | 15.2 mm x 15.1 mm

Table 3.3-1 Size of the light guide and the image area on the divertor plate

upper : Image area of the upper part of the divertor plate.

middle : Image area of the middle part of the divertor plate.

lower - Image area of the lower part of the divertor plate.

FS : Filter spectrometer.

VSS/HIDS : Visible survey spectrometer and high dispersion spectrometer
IV(FINE) : Viewing fan of IV with a target spatial resolution of 3 mm.
IVICOARSE)  : Viewing fan of IV with a target spatial resolution of 10 mm.
OV(FINE) : Viewing fan of OV with a target spatial resolution of 3 mm.
OV(COARSE) : Viewing fan of OV with a target spatial resolution of 10 mm.
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3.4 Ray trace analysis

The ray trace analysis has been carried out in order to get a optimum design
of the optical penetration system. The results of each viewing fan are shown in
Fig.3.4-1(a),(b) ~ Fig.3.4-8. These are the optimum results at this moment.

A ray is started from the center of a channel of the fiber array as shown in Fig.
3.4-1(b). The spot diagrams on the divertor plate for the upper, middle and lower
part of the viewing fans are shown in these figures.

As the results, the following things become clear.

1) It is difficult to satisfy the 3-mm spatial resolution in the all region of the

divertor.
2) In this design, the 10-mm spatial resolution is also difficult for all region of

the divertor.

It seems that the above results are caused by to observe wide area of the
divertor through the narrow channel of the divertor cassette. If we give up the 3-
mm spatial resolution, it is expected that the spatial resolution of around 10 mm
will be satisfied in the almost all region of the divertor. The optical penetration
system will become more reliable, because it becomes more simple.
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FIBER BUNDLE

OFF-AXIS CASSEGRAIN SYSTEM

Fig.3.4-1(a) Ray trace for viewing fan IV (FINE): To simplify, rays started from
only three deferent channels of the fiber array are drawn here. Those
rays are focused on the upper, middle and lower part of the divertor

plate.
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DIVERTOR PLATE
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Fig.3.4-2(a) Ray trace for viewing fan IV (COARSE): To simplify, rays started from

only three deferent channels of the fiber array are drawn here. Those
rays are focused on the upper, middle and lower part of the divertor

plate. :
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Fig.3.4-2(b) Spot diagrams for the viewing fan of IV (COARSE): The rays are
started from single point of each light guide and focused on the

divertor plate. The 10-mm spatial resolution will be satisfied in the
upper part of the viewing fan. It is difficult in the middle and the

lower part.
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Fig.3.4-3(a) Ray trace for viewing fan OV (FINE): To simplify, rays started from
only three deferent channels of the fiber array are drawn here. Those
rays are focused on the upper, middle and lower part of the divertor

plate.
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Fig.3.4-3(b) Spot diagrams for the viewing fan of OV (FINE): The rays are started
from single point of each light guide and focused on the divertor
plate. The 3-mm spatial resolution will be satisfied in this viewing
fan.
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"TOROIDAL MIRROR
DIVERTOR PLATE
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.“.
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PRIMARY MIRROR

OFF-BXIS CASSEGRAIN SYSTEM

Fig.3.4-4(a) Ray trace for viewing fan OV (COARSE): To simplify, rays started from
only three deferent channels of the fiber array are drawn here. Those
rays are focused on the upper, middle and lower part of the divertor

plate.
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the upper part

the middle part

the lower part

| S0.00000MM

< Image on the divertor plate > ]. ]_
middle part SEEE: SEEE

56 mm

Fig.3.4-4(b) Spot diagrams for the viewing fan of OV (COARSE): The rays are
started from single point of each light guide and focused on the
divertor plate. The 10-mm spatial resolution will be satisfied in the

upper part of the viewing fan.
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DIVERTOR PLATE
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PRIMARY MIRROR

QFF-AXIS CASSEGRAIN SYSTEM

Fig.3.4-5(a) Ray trace for viewing fan IH: To simplify, rays started from only three
deferent channels of the fiber array are drawn here. Those rays are
focused on the upper, middle and lower part of the divertor plate.



JAERI- Tech 96-055

the upper part
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< Image on the divertor piate > | J
middle part #’: 4 2.0 mm

——- g
8.2 mm

Fig.3.4-5(b) Spot diagrams for the viewing fan of IH: The rays are started from
single point of each light guide and focused on the divertor plate. The
10-mm spatial resolution will be satisfied in the middle part of the
viewing fan.
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DIVERTOR PLATE

upper part

middle part

lower part

TOROIDAL MIRROR

OFF-AXIS CASSEGRAIN SYSTEM

Fig.3.4-6(a) Ray trace for viewing fan OH: To simplify, rays started from only three
deferent channels of the fiber array are drawn here. Those rays are
focused on the upper, middle and lower part of the divertor plate.
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Fig.3.4-6(b) Spot diagrams for the viewing fan of OH: The rays are started from
single point of each light guide and focused on the divertor plate. The

 10-mm spatial resolution is difficult.
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4

PLANE MIRROCR

IV/VSS-HDS
Fig.3.4-7 Ray trace for viewing fan IV of the visible survey spectrometer and the
high dispersion spectrometer: To simplify, rays started from only three

deferent channels of the fiber array are drawn here. Those rays are
focused on the divertor plate.

/i>' TOROIDAL MIRROR

PLANE MIRRCR

OV/VSS~-HDS

Fig.3.4-8 Ray trace for viewing fan OV of the visible survey spectrometer and
the high dispersion spectrometer: To simplify, rays started from only
three deferent channels of the fiber array are drawn here. Those rays
are focused on the divertor plate.
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3.5 Spectrometer

The conceptual design of three deferent kind of spectrometers described in
section 2.1 has been carried out.

3.5.1 Spectrometer for species monitor (Visible survey spectrometer)
The object of this spectrometer is to survey impurity species in the divertor

region with a spatial and a time resolution. The fundamental performance was
decided as follows.

* Wavelength range : 200 - 1000 nm (simultaneously)
¢« Wavelength resolution ~0Inm(1A)

* Time resolution : ~ 10 msec

* Spatial resolution : ~ 10 cm (on the divertor plate)

It is very difficult to observe spectral lines in the wavelength range of 200 -
1000 nmn simultaneously. Therefor, we are planning to divide the light into four
deferent wavelength region and to observe each region by one spectrometer

respectively.

The light from the divertor region is divided into seven wavelength region
by a pre-divider composed of six dichroic mirrors. The pre-divider is located on
the transport cask in the pit. The divided lights enter the spectrometers as shown
in Fig.3.5-1. The spectrometers for the wavelength region of 200 - 488 nm are set
on the transport cask in the pit as described in section 2.3. The light over 488 nm
is guided to the spectrometers in the diagnostic room by optical fibers.

The optical arrangement of the visible survey spectrometer is shown in
Fig.3.5-2. The fiber bundle from the pre-divider is set just front of the entrance
slit. The fiber arrangement along the slit length correspond to the viewing chord
of the divertor. The light enters a collimator through the entrance slit and comes
into a grating. The light dispersed by the grating is measured by a two
dimensional detector through a camera optics.

The preliminary specifications for the visible survey spectrometer are listed
in table 3.5-1.

WEEaIE 1. -
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Fig. 3.5-2 Optical arrangement of visible survey spectrometer.
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Table 3.5-1 Preliminary specifications for visible survey spectrometer.

Grating \

uv B R NIR

Grating N [mm™1] 600 600 600 270

0g 4.65636° 7.65075° | 11.23483° 7.40068°
*Detector pixels 2048 x 2048 4096 x 2048 : 4096 x 2048 | 4096 x 2048
1 pixel=15ux15u

size[mm] 30 x 30 60 x 30 60 x 30 60 x 30
Band width [nm] 190.9 294.0 488.0 663.8

~307.9 ~h20.8 ~706.2 ~1091.0

e [nm] 250 410 600 881.5
Collimator f [mm] 225 225 225 225
Camera f [mm] 380 380 380 450
Magnification
between slit and 1.8068 1.8879 1.9917 2.2274
ditector
Appropriate
slit width 0.0083 0.0079 0.0075 0.0067
for 1 pixel [mm]

* Large area 2-D detector is a R & D item. o
$=22.5°
)
Bg AC
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3.5.2 Filter optical system for influx measurement (Filter spectrometer)

The object of this spectrometer is influx measurements for impurity,
deuterium and tritium particles in the divertor region with a spatial and a time
resolution. The fundamental performance was decided as follows.

¢ Wavelength range : 200 - 1000 nm

s Number of spectral lines : 10 spectral lines simultaneously
e Wavelength resolution . ~1nm(10A)

¢ Time resolution : ~ 1 msec

* Spatial resolution : 3~ 10 mm (on the divertor plate)

The number of viewing chord is very large (560 chords) and the time
resolution is short. Therefore, it is better to use a filter optics.

The conceptual drawings of the filter spectrometers are shown in Fig. 3.5-3(a)
and (b). We consider two type of spectrometer. One is composed of several sets of
a multi-channel filter spectrometer (type 1) and the other has 560 sets of single
channel filter spectrometer (type 2). Type 1 spectrometer has relay optics to avoid
the divergence of each beam. On the other hand, type 2 spectrometer will not
need the relay optics. Type 2 spectrometer has a simple structure but it will be
very difficult to adjust the filter angles and so on because of the large number of

sets.

<Type 1 spectrometer >

The lights from the viewing chords (100~200 chords) enter the spectrometer
by a optical fiber bundle and the lights of a required wavelength band are reflected
by a dichroic mirror . After that the lights are detected by a 2-D detector through a
bandpass filter, if necessary, and focusing optics as shown in Fig. 3.5-3(a). The
lights transmitted the dichroic mirror enter the next dichroic mirror. The
dichroic mirrors for below 500 nm are in the pit and those over 500 nm are in the
diagnostic room through optical fiber bundles.

< Type 2 spectrometer >
The light from the one viewing chord enter the spectrometer by a optical fiber

and the light of required wavelength band is reflected by a dichroic mirror. After
that, the light enter a optical fiber through bandpass filter, if necessary, and
focusing optics. We need 560 sets of same spectrometers. The optical fibers
corresponding to each spectral line are gathered to a optical fiber bundle as shown
in Fig. 3.5-3(b). The image of the bundle focused on a 2-D detector by a relay optics
for a spatial measurement. We nee 10 same set of the fiber bundle, the relay optics
and the detector.

More detailed design is necessary for actual spectral lines to be measured.
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Tig. 3.5-3 Conceptual drawings of the filter spectrometers. (a) Type 1 spectrometer,
(b) Type 2 spectrometer.
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3.5.3 High dispersion spectrometer for line shape measurement

The object of this spectrometer is line shape measurements in order to get
informations of ion temperature, particle energy distribution and so on in the
divertor region with a spatial and a time resolution. The fundamental
performance was decided as follows.

s Wavelength range : 200 - 1000 nm

¢ Wavelength resolution :~0.01nm(0.14)

e Time resolution : ~ 10 msec

* Spatial resolution : ~ 10 em (on the divertor plate)

Here, we are considering a Littrow type spectrometer with an echelle grating.
The lights enter the spectrometers through pre-divider as shown in Fig. 3.5-4(a}
and (b). The preliminary specifications are listed in table 3.5-2.

More detailed design is necessary for actual spectral lines to be measured.
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< HDS/ RRE-DIVIDER >

a)
COLLIMATOR
: DICHROC MRFOR TURRET
HDS/B
300 -500 nm
light
/ |
FIBER -
D
\ 500 -1000 nm
SO%S_ggjovnm BANDPASS FILTER TURFRET \
FOCUSING OPTICS
b) < HDS OPTICS >
FIBER BUNDLE \]
A——F

RELAY COPTICS _
(NA CONVERTER) \ o |
[
/;; \
/ / DETECTOR

/
ECHELLE GRATING LITTROW LENS

Fig. 3.5-4 (a) Pre-divider for high dispersion spectrometers. The light is divided
into three wavelength ranges and enter the high dispersion

spectrometer optics. (b) Optics of high dispersion spectrometer. We are
considering a Littrow type spectrometer with an echelle grating.
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Table 3.5-2 Preliminary specifications for high dispersion spectrometer.

UV B R
Band width [nm] | 200 ~ 300 nm | 300~500 nm 500~1000 nm
Fchelle Grooves [mm™1]| 98.764 52.676 31.6
Brating  plazeangle [deg]| 63.433 70.5 75.07
Littrow optics fmm] 500 500 500

e s ey e
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3.6 Estimation of number of photons coming into the end of the optical fiber

The numbers of photons Ny coming into the end of the optical fiber located
in the cryostat are estimated for Do and CII lines. The number Ng is written by

Nf=Pex Tx Igiv, (3.6-1)

where P is a collecting performance and T is a transmissivity of the penetration
optics from the divertor to the end of the fiber, and Igiv is a intensity of spectral
line in the divertor.

3.6.1 Collecting performance and transmissivity of the penetration optics

The collecting performance D¢ is defined as
P. = Q; x M2 x S, (3.6-2)

where £ is a input solid angle in the divertor, M is a magnification from the
light guide in the cryostat to the image on the divertor plate and Stis a arca of the
end of the light guide or the fiber. The relation is shown in Fig. 3.6-1. The
calculated results for each viewing fan are listed in table 3.6-1.

Divertor plate Light guide

Fig. 3.6-1 Q;, M and 5

From the table, it is clear that the collecting performance is very low. This is
due to observing wide area of the divertor through a narrow channel, which is
come from the limitation of the penetration to the divertor.

The transmissivities T of the penetration optics from the divertor to the tiber
in the cryostat are calculated for each viewing fan as shown in table 3.6-2. The
optical system has 6 mirrors for the viewing fans of IV and OV, and 7 mirrors for
the viewing fans of IH and OH. The transmissivities in case of using 6 Mo-
mirrors, 6 Cu-mirrors, 2 Mo-mirrors + 4 Al-mirrors, and 2 Cu-mirrors + 4 Al-
mirrors are listed for the IV and OV viewing fans. For the IH and OH viewing
fans, the cases of 7 Mo-mirrors, 7 Cu-mirrors, 1 Mo-mirror + 6 Al-mirrors and 1
Cu-mirror + 6 Al-mirror are listed in the table.

From the table, it is better to use Al-mirrors for the penetration optics in this

wavelength range . The Mo or Cu-mirror should be used for the first mirror in
the divertor cassette. Irradiation tests of Al-mirror is necessary.
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Table 3.6-1 Collecting performance of penetration optics.

Solid Angle(st)| M St (m”2) Pc (m"2esr)
input output Fiber only with Fiber only| with
Qi Light guide Light guide
TV(FINE) 12.105-06 |1.70E-04] 9.1 | 3.14E-08 | 3.00E 07 | 5.50E-12 ] 5.20E-11
TV(COARSE) |3.90E-05 [1.70E-04] 2.1 | 3.14E-08 | 3.00E-07 | 5.40E-12| 5.20E-11
IV(VSS/HDS) [ 6.90E-06 [1.70E-04( 5 - 1.50E-06 - 2.60E-10
OV(FINE) [4.40E-06 [2.10E-04] 7.1 |3.14E-08 | 3.00E-07 | 7.00E-12 6.70E-11
OV(COARSE) | 4.90E-05 [1.70E-04] 1.9 |3.14E-08 | 3.00E-07 | 5.60E-121 5.30E-11
OV(VSS/HDS) | 1.80E-06 |1.70E-04]| 10 - 1.50E-06 - 2.70E-10
IH 9.90E-07 |3.90E-05| 6.3 | 3.14E-08 | 8.00E-07 | 1.20E-12( 3.10E-11
OH 2.10E-04 }3.90E-05[ 0.43 [ 3.14E-08 | 8.00E-07 | 1.20E-12 | 3.10E-11
Table 3.6-2 Transmissivity of penetration optics.
Wavelength]200 nm[300 nm[400 nm{300 nm|[600 nm|700 nm{800 nm{900 nm{1000nm
IV [Mo: bsurfaces |0.0650[0.0400[0.0240[ 0.037[ 0.030[ 0.030[ 0.024] 0.041| 0.250
and JCu: 6surfaces ]0.0016/0.0013[0.0120] 0.037] 0.330] 0.640] 0.680| 0.680{ 0.680
ov [Mo: 2, AL 4 [0.2700[0.2200[0.1900] 0.220[ 0.200| 0.190] 0.150[ 0.200} 0.450
|Cu: 7. Al 4 10.0770[0.0730[0.17500] 0.220] 0.440[ 0.520] 0.470] 0.510f 0.640
TH [Mo: 7 0.0420]0.0240[0.0130] 0.022] 0.017] 0.017| 0.013] 0.024] 0.200
and JCu: 7 0.0006]0.0005]0.0059| 0.022] 0.280] 0.610] 0.650 0.650| 0.650
OH [Mo: 1, AL 6 |0.3500[0.3200[0.3000] 0.320] 0.290] 0.270] 0.210[ 0.260{ 0.500
0: 1, AL 6 [0.1900[0.1800[0.2600] 0.320{ 0.440| 0.450| 0.370{ 0.420] 0.590




JAERI-Tech 96-055

3.6.2 Intensity estimation of spectral lines in the divertor

The electron density and temperature in the divertor are expected to be from
1x1019 to 1x1022 m3 and from 1 to 50 eV respectively [1]. The requirement of
influx measurement is given by the DDD [2] as shown in table 1-1. The particle

influx I is written as

I' = 4n1-K-1 (3.6-3)

where K is the number of ionization events per photon for the observed line

with the intensity of I. We estimated the intensities of Da, and carbon lines
against the required influxes by equation (3.6-3).

< Intensity of Da >

The required range of the deuterium total influx to the divertor is 101 - 1025
at / sec as shown in table 1-1. On the other hand, if we assume the power
deposition area on the divertor targets is about 10 m? as shown in the DDDI[3], the
deuterium influx density T to the divertor is 1018 - 1024 at / mZ-sec. The intensity
of Da line was estimated by using the equation (3.6-3) against the deuterium

influx density I'p as shown in Fig.3.6-2. The value of K was estimated by the
reference [4]. In this figure, the electron temperature range is 1 - 50 eV and the

density range is 1010 -1022 m3.
< Intensity of CII >

The intensity of CII line is also calculated against the carbon influx density in
case of the low electron density. We use the value of K in the reference [5]. The
result is shown in table 3.6-3.

3.6.3 Measurable limit

If we assume the lower limit of number of photons is 100 (photon'msec1) at
the fiber in the cryostat, the measurable intensity limit in the divertor is about

1x1016 (photon-m=2-sr-l:sec’l) from the equation 3.6-1. This means it is difficult to

measure the deuterium influx density of 1018 (at-m-2-sec-1) in a high electron
density region as shown in Fig.3.6-2. More efficient optics is necessary.

Reference

[1] ITER Diagnostic Group, "TTER INFORMATION", 555 RE 1 95-07-11 F 1.

[2] Design Description Document 5.5 Diagnostics 5.5 E.04.

[3] Design Description Document 1.7 Divertor 2.1.1.1.

[4] L. C. Johnson and E. Hinnov, J. Quant. Spectrosc. Radiat. Transfer, 13, (1973) 333.
[5] K. Behringer, et al., Plasma Phys. Cont. Fusion, 14, {1989) 2059.
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Fig.3.6-2 Dc intensities against influx densities of deuterium I'p for deferent

Table 3.6-3 CII intensities against influx densities of carbon ion.
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1.00E+16 5 1 7.95775E+14
1.00E+16 16 4.2 1.8947E+14
1.00E+16 50 25 3.1831E+13
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1.00E+18 5 1 7.95775E+16
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1.00E+18 50 25 3.1831E+15
1.00E+20 1
1.00E+20 5 1 7.95775E+18
1.00E+20 10 4.2 1.8947E+18
1.00E+20 50 25 31831E+17
1.00E+21 1
1.00E+21 5 1 7.95775E+19
1.00E+21 10 4.2 1.8947E+19
1.00E+21 50 25 3.1831E+18
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3.7 Neutron and y-ray irradiation effect on the optical fiber

The neutron and y-ray flux during the operation are described in the
memorandum [1]. In the memorandum, the total (fast + thermal) neutron flux is
5.5x1011 (m2- 51 and the y-ray flux is 6.4x1011 (m-2- s"1) just behind the vacuum
vessel. These are very optimistic values, because this calculation dose not assume
a hole on the vacuum vessel. At the divertor port, there are some holes.
Therefor, the values will be higher than these ones. But, we use these values,
because of no calculation at the divertor port.

The neutron and y-ray irradiation effect on the optical fiber is investigated as
shown in Fig.3.7-1 and 2 with JMTR and FSN in JAERI under the ITER EDA task
number of T246. [2], [3] From these figures, the optical absorption intensity is
plotted against the neutron fluence as shown in Fig. 3.7-3.

The length of the optical fiber inside the biological shield will be about 3 m.
Therefore, if we allow optical absorption intensity of 3 dB/3m (1dB/m), the
neutron fluence of 3 x 1014 n/cm2 will be acceptable. This means the optical fiber
just behind the vacuum vessel will survive ~5 x 106 sec (~ 5000 shots).

The estimation here is very optimistic and preliminary. More detailed and
actual estimation will be necessary.

Reference

[11 S, Mori, S 82 MD 05 95-03-17 W3; San Diego JCT Interoffice Memorandum.
[2] T. Kakuta, et al., Sci. Rep. RIT A40 (1994)153.
[3]T. Kakuta, et al., Proc. 9th Workshop on Radiation Detectors and Their Uses, 17-18 Jan. (1995)

KEK, Tsukuba, Japan
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Fig. 3.7-1 Spectral absorption loss of OH-doped fiber. [2]
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Fig. 3.7-2 Spectral induced absorption of pure silica core fiber during 14 MeV fast
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4. Mechanical design
4.1 Main concept of mechanical design

According to the optical design and the design of the divertor diagnostic
cassette, the mechanical system was designed under the following main concept.

(1) In order to absorb the movement and vibration of the optical axis, the fiber
coupled optical system is introduced to the light transmission from the out of the
vacuum vessel to the spectrometers.

(2) In order to prevent the independent movement of the optical axis, all of
optical components are adjusted before the operation and fixed tightly on the
divertor cassette and the diagnostic port. After the operation, the optical axis can
not be adjusted.

4.2 Optical arrangement

The arrangement of the optical components is shown in Fig. 4.2-1 and Fig.
4.2-2. The light emitted at the divertor region is collected and reflected at the first
mirrors made of molybdenum which are mounted on the divertor cassette and
transported through the bottom of divertor cassette to the diagnostic port. The
light is reflected by two plane mirrors to make a dog-leg optical pass for the
neutron shield. The vacuum window is located between these mirrors. The light
is focused on the optical fiber bundle by using the Cassegraine optics located just
after the dog-leg optics. After that, the light is transmitted to the spectrometer by
the fiber bundle through the wall of the cryostat using the optical feed through. In
the pit area, optical components such as a spectrometer and a pre-divider are
mounted on the transport cask owing to the easy remote handling. Cables and
fibers are connected to the terminal boxes and laid to the diagnostic room. Other
optical components and a data acquisition system are located in the diagnostic

room.

4.3 Details of optical component
4.3.1 Optical component in the divertor cassette

Figure 4.3-1 shows the schematic view of the optical component in the
divertor cassette. Details of the optical arrangement in the divertor cassette are
shown in Fig. 4.3-2. The two mirror units are installed on the divertor cassette.
One is located on the divertor dome and the other is located on the bottom of the
divertor cassette. The mirror units 1 shown in Fig. 4.3-3 consists of four toroidal
mirrors made of molybdenum. Two of them are used for the filter spectrometer
(FS) of IV and OV chords. And the others are used for the visible survey
spectrometer (VSS) and the high dispersion spectrometer (HDS} of IV and OV
chords. The space resolution of the viewing fans of IV and OV for FS is changed
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by using the different curvature of the toroidal mirrors. The size of this mirror
unit is 280x96x263 mm.

The mirror unit 2 shown in Fig. 4.3-4 and Fig. 4.3-5 consists of two toroidal
mirrors for OH and IH chords of FS and two plane mirrors for reflecting the light
from viewing fans of IV and OV. These mirrors are also made of molybdenum.
The size of mirror unit 2 is 593x230x170 mm. The cross section of the light path is

about 150 x 150 mm.

These two mirror units are mounted at the time of the installation of the
diagnostic divertor cassette. This mirror units are adjusted before the pumping
and fixed tightly. After that, we will not be able to adjust those units.

4.3.2 Windows and fiber interface optics

The light passed through near the bottom of the divertor cassette and the
diagnostic port is reflected by two plane mirrors to make a dog-leg optical path for
the neutron shielding as shown in Fig. 4.3-6. These two mirrors are mounted on
the mirror folder which are also adjusted before the pumping. The size of mirrors
in the divertor port including the neutron shielding are 1500 mm x 1404 mm X
963 mm. The vacuum window made of quartz glass is located between them. The
effective diameter of the window is 150 mm. The window is a very important R
& D item in ITER. The light from the divertor is focused on the fiber bundle of
each optical path by using the off-axis Cassegraine optics. The first and the second
Cassegraine mirrors are also mounted on the mirror folders which are fixed on
the same optical base as shown in Fig. 4.3-7. As a difference of the focal points for
each of viewing fans, the lights from the different viewing fans are focused on
the surface of the fiber bundles which are located on the different position as
shown in Fig. 4.3-8. The size of this optical system in the cryostat is 2300 mm x 450

mm X 963 mm.

4.3.3 Optical feed through

It is obvious that the multichannel optical feed through is one of the most
important R&D item. Figure 4.3-9 shows one example of the possible systems.
The collimators and receivers, which consist of achromatic lenses, are located on
the same optical axis. In this example, the size of the window is 337mm diameter
for 645 channels. It is necessary to carry out more details design and also to
consider other possible optical methods such as a multi-channel fiber feed

through.
4.3.4 Optical component in the pit area

Figures 4.3-10 and 4.3-11 shows the schematic view of the optical component
in the pit area. The optical fibers from the optical feed through are connected with
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the push-on optical connectors for the easy maintenance and then transported to
the pre-divider (PD) for VSS and HDS system and FS which are mounted on the
moving cask. Spectrometers for the wavelength region of below 500 nm are
mounted in this area. Other spectrometers and the data acquisition systems are
located on the diagnostic room. The schematic view of the spectrometers and the
pre-dividers are shown from Fig. 4.3-12 to Fig. 4.3-17. The sizes of each optical
equipments are shown in Table 4.3-1. In this design, the pre-divider and FS are
prepared for each of optical fibers. So, 560 sets of FS and 40 sets of pre-dividers
were located in this area. The size of the optical system on the transport cask is

5300mm x 2400mm x 2600mm.

We are also considering a multi-channel filter spectrometer (type 1) as
described in section 3.5.2.

Table 4.3-1 The size and number of each spectrometers used in this system

size (W x L x H mm) Number of Spectrometer
HDS 1000 x 1600 x 450 3
VE5S 1300 x 1500 x 450 4
FS 365 x 90 x 60 560
PD/HDS 170 x 200 x 60 20
PD/VSS 285 x 100 x 60 20

The optical fibers and wire cables are terminated at the fiber box and the wire
box just beside the transport cask and laid to the diagnostic room. The sizes of
cach boxes are 700 mm x 800 mm x 1750 mm for the wire box and 900 mm x 1000
mm x 2950 mm for the fiber box. These boxes are fixed on the floor of the pit area.

4.3.5 Optical component in the diagnostic room

Figures 4.3-18 and 4.3-19 show the schematic view of the optical components
in the diagnostic room. The fibers from the fiber boxes are transported to the each
spectrometers sitting in the racks. The output signals from the detectors are
transported to the local data acquisition system. The occupied area of the optical
components and the data acquisition system in this room is estimated to be 10050

mm X 3289 mm on the floor.

4.4 Calibration system

Figure 4.4-1 shows the schematic view of the calibration system for
monitoring the transmission of the optical path. As a light source, the
monochromator is used to make the monochromatic light. The light is divided
into two beams by a half mirror before the entrance of the optical fiber. The one of
them is a reference and the other is a probe light beam. The optical fiber is
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prepared for each optical path (one for each viewing fan). The four light beams
are transported through the same optical path for measurement and reflected by
the corner cube mirrors installed on the divertor cassette and returned to the
diagnostic room. The advantage of this system is easy to measure the wavelength
dependence of the transmission rate but the measured transmission rate includes
the change of the reflectivity of the corner cube mirrors. The corner cube mirrors
will be degraded by irradiation, particle spattering and so on. Therefore the corner
cube mirrors must be mounted on the area in which the degradation is small to
change the reflectivity. The choice of the material is also important.

4.5 Remote handling

For the avoidance of the reduction of the transmission rate, the optical fibers
and the optical components in the cryostat and the diagnostic divertor cassette
must be changed at the same time of the change of the divertor cassette it self.
Figure 4.5-1 shows the concept of the remote handling maintenance system
schematically. All of the optical component except for the wire box and fiber box
are mounted on the transport cask (Fig. 4.5-1(a)). At that time the fibers are
removed from the fiber connector in the pit area by using a pusher and then the
double doors are closed in order to avoid the contamination(Fig. 4.5-1(b)). The
transport cask are transported to the maintenance area (Fig. 4.5-1(c)). After that,
the remote handling cask comes to the pit and opens the double door and
removed all of the optical components in the cryostat and installed new optical
component by the remote handling equipment(Fig. 4.5-1(d)). Details must be
discussed with the remote handling group.

4.6 Analysis of the electro-magnetic stress during disruption

Rapid decay of the plasma current during the disruption affected the large
stress on the optical component. Therefore this effect on the Cassegraine optical
base were roughly estimated. In this estimation, followings are assumed;

(1) Because the Cassegraine optics are located out of the toroidal coils, only
poloidal field (Bp) is considered for the estimation.
(2) The strength of Bp is about 0.5 T as shown in Fig.2.2-2 and is constant

during the disruption.
(3) The decay rate of the plasma current including the skin effect of the

vacuum vessel is 24 MA/s.
(4) The size of the Cassegraine optical base is 500 x 2300 x 20 mm which is made
of the stainless steel.

The basic equations are as follows;

F=Ix1I» pr (4.6-1)

e

.
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where F is the electromagnetic force, I is the current induced by the disruption, 12
is the length of the base and Byp is the external poloidal field. I is expressed as
follows;

1=[1112d /8p(11+12)(po/ 2m10)8lp / Bt (4.6-2)

where 11, I and d are geometry of the base shown in Fig. 4.6-1, 8lp/ 0t is the decay

rate of the plasma current during the disruption, p is the resistivity of the base,
and rg is the distance from the plasma center.

By using the equation and above-mentioned parameters (BIP /8t=24MA /s,
Bp=0.5T, rg=10.36m, 11=0.5m, 12=2.3m and d=0.02m), F=37 kgf is obtained.

As the result, the electromagnetic stress on the Cassegraine optical base is
not serious during the disruption. But detailed analysis should be necessary for
the stress on the optical component in the divertor cassette because of the large
toroidal field.

R T e -
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280

Fig.4.3-3 Side View of Mirror Unit 1
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Qer Cube Mirror in the divertor cassette
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Fig. 4.4-1 Concept of Calibration System
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Fig. 4.6-1 Geometry of the Optical Base
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5. Space requirement
The space requirement of this system is summarized as follows.
+ In Diagnostic Divertor Cassette:

{1) in Divertor PBome: 280 x 96 x 263 mm
(2} in Bottom of Divertor: 593 x 230 x 170 mm

¢ In Diagnostic Port: 1500 x 1404 x 963 mm

* Cassegraine Optics: 2300 x 450 x 963 mm

e Pit Area:
(1) on Transport Cask: 5300 x 2400 x 2600 mm
(2) Wire Box: 700 x 900 x 1750 mm
(3) Fiber Box: 900 x 1000 x 2950 mm

¢ In Diagnostic Room: 10050 x 3289 x 2800 mm

6. Necessary design work during EDA, and necessary R & D

From the design work here, we conclude that the following design works and
R & D will be necessary during EDA.

< Necessary design work >

1) Exact calculation for the neutron and y-ray shield
2) Detailed design for the optical and mechanical systems.
- Calibration system
- Adjustment system of optical axes
- Heat transfer analysis
- Nuclear heating analysis
- Electromagnetic analysis
- Distortion analysis
- Interface with other systems
3) Evaluation of the degradation of the first mirror
4) Remote handling interface
5) Control and data acquisition equipment
6) Assembly process
7) Maintenance plan

< R & D items >
1) Window
2) Multi-channel fiber feed through
3) Multi-channel fiber connector
4) Large area 2-D detector
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7. Conclusion

The Divertor Impurity Monitoring System has been designed here in the
wave length region of 200 - 1000 nm in accordance with the work order and the
requirements of the design description document (DDD). The conceptual design,
the optical design and the mechanical design of this system have been mainly

carried out here. In addition, the measurable limit, the neutron and y-ray
irradiation effect on the optical fiber, the remote handling concept and the space
requirement were considered preliminary. The necessary design works during
EDA, and necessary R & DD were also listed.

Main results are as follows.

1) System should be composed of three kind of spectrometers such as a visible
survey spectrometer, a filter spectrometer and a high dispersion spectrometer.

2) Spectrometers should be located outside the cryostat from the magnetic shield

point of view,
» Spectrometers for the wavelength range of 200 - 500 nm should be sit on a

transport cask in the pit.
* Spectrometers for over 500 nm should be set in the diagnostic room from

the accessibility and flexibility point of view.

3) In order to realize 2D measurements on the poloidal plane both in outer and
inner divertor region, four viewing fans are proposed with mirror optics in
the divertor cassette.

4) Optical fiber bundles are considered for the penetration optics from the
divertor port to the spectrometers to evade the displacement of the optical

axes due to the movement of the divertor port.

5) The ray trace analysis shows that the 3-mm spatial resolution in the all region
of the divertor is difficult.

6) Spectrometers are designed preliminary.

7) It is difficult to measure deuterium influx lower than 1019 (at/-m-2sec'l)in a
high electron density region. More efficient optics will be necessary.

8) Neutron and vy-ray irradiation effect on the optical fiber is considered
preliminary.

9) Mechanical designs have been carried out for the optical penetration system,
spectrometers, remote handling concept and so on.

10) Space requirements are listed preliminary.

11) Necessary design works during EDA, and necessary R & D are listed.
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