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A collimator type monochromator has been ‘tested for the first time as the im-
purity monitor on Tokomak. The possibility to use this type of monochromator
in fusion devices is analysed and a monoslit device is proposed as a convenient
monitor for impurities.

INTRODUCTION

In a number of experiments for the space research, due to the sim-
plicity of the construction, a collimator type monochromator has been
used [1]—[3], a concept first proposed by Bedo and Hinteregger. Accord-
ing to this concept, the incident and emergent lights are collimated by
a number of grids, the only moving component being the planar grating,
which can be rotated. The disadvantages of this system are : the small
value of the solid angle viewing the light source and a medium resolution
value of 5 A reported by authors [1]. The main advantage of the svstem
iy the simplicity of the construction and of the mechanical movement

The resolution value of 5 A is unfortunacely not good enough for
the monitoring of impurities in the Tokamak plasmasg.

If we consider the resolution power for such a system, we can see
the resolution is in fact equal with the resolution corresponding to only
oux slit. Indeed, because the adjacent sliLs are at lorge distances (in com-
parison with the wavelength), no interferences between adjoining lights will
occur. Consequently, the illuminated surfaces of the erating, from the
point of view of the resolution power, will be equal with one slit width,
multiplied by grating lines density and the diffraction spectrum order,
but not with all illuminated surface of the grating.

At the same time for a better resolution, a more precise angle defi-
nition of the incident and emergent lights is necessary, i.e., the slit width
must be as small as possible, a requirement which will give an opposite
effect, respectively the worsening of the resolution power due to the de-
crease of the illuminated surface of grating.

The grating equation is :

Lmh = d(sinx + sinp) ‘ (1)
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where m is the spectrum order, d is the grating constant, « a.and P are ves-
pectively the incidence and tho reflection (mnles of hoht

The -instrumental error Ax (the mininum erelenwtll separation)
due to #he crror in the definition of the light direction by the end slits
of the collimator (sce fig. 1) will be according to eq.(1):

mAN = d(Aa cosz -+ APcosB) . (2)

£

Fig. 1. — The collimator geome-

{rical arrangement. Aa — aceepl-

ance angle of the monochroma-

Q tor, R — distance between slits,
{ — the slit

Assuming : « = B, relation (2) becomes :
mAN = 2dAocose. , ' (3)

where Ao is shown in Iig.
Using eqs. (1) and (o) we obtain the 1'e1aJtWL error in Wavdcnﬂth

—ctg o Ao L@

o

A

Tf the slit WLdth is Al and the collimator le 10th R, the Valuo of
Ag 18 ; H

i

Ad:—f‘—
R

and the relative error in wavelength due to the slits width will be :

,é\i__dc‘[,oaéz_ - - (6)
P I e
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The minimum wavelength separation Ax due to the finite value of
the resolution power of the grating is given by the relation :

1
A?\: ~7\ r
mN . (7)

where i 15 the spectrum order and N is the number of lines on the grating
which are illuminated by the incident light coming through one slit. If

42
A .%3 o 7o finrd resalnling power

2 A2 ye b Mo S wioth
delpidion of icvdeny/
bGpht orverpency

44 47 (548 wihh)

Fig. 2. — The resolution power versus slit width.

« is the incidence angle of thg light, ilis the number of trating’s lines per
d
mm and Al is the slit width, ¥ will be (neglecting the di
{ istance b
the end slit of the oollmmtor and the grating) : - stance between

1 l
N ="—.
d cosa e (8)

From relations (7) and (8), we finally obtain :

AA CoSa

e . An
If we represent gmplnea,lly e versus Al using equation (6) and
Separ&tely‘equaﬁon (9), we will obtain a crossing point of the -curves at
Al, (see Fig. 2). The value from equations (6) and (9) is :

AL, — (sin'a.- R ]/2: ’
i — (10)
d
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For Al > Al,, the value of An is controlled only by the error in incidence
A

angle definition and for Al < Al, by the level of illumnination of the grat-

ing suplace. o o I
N From the analysis of the above obtained results, the following con

clusions can be inferred : A
* 1, <] <3 J )
1., For the collimator type of umuochronmtor—)\— decreases for

inei ole eflection angle of the light.
larger incidence angle and reflection angle of the lig

A)\ i i , ‘ - N L
* 9. For Al> Al,, the value of — can be maintained at the same
o A

value (i.e. constant) it éiis kept constant. That means that for large R
[4iR : U LD ﬁ) . '
’ . . g & " v N N _’ ]1
it is possible to use large slit width Al, fulfiling by far the conditio
Al > Al,. 1
! i is 8 ¢ actic re will always have
It — ix high enough, Al, is small and practically we will alwajy
tl .~ Gt 3 2y
Al > Al,. In table 1, a few numerical values are given using eq. (10), for

1 . . o has
AL . for various values of R and —. For simplicity sine in eq. (10) he
0 - ‘

: d
been replaced by unity and we considered m = L.
Table 1

v -1
I [ rari ralues of — (mm
Magnitudes of Al, (mm) for various values of R(m) and " (v )A'

1
- 1000 2000 4 000
R d
5
1 1 0.71 0.
5 2.24 1.58 1.12
10 3.16 ‘ 2.24 1.58

In table 2 ave given the values of the error ANA)
. C
f s be sonsider rresponding to o = 68°).
ctge a value of 0.4 has been considered (corresp )

‘ Table 2 . e
Computed values of AMA) for ctg oo = 0.4, R=15 m, Al(mm) and A({ )“ .

At 1 2 5 10
%
300 0.05 0.1 0.25 o.g
500 0.08 0.16 0.4 (1)'5
1000 0.16 0.32 0.8 15,
Aa 0.7 1.4 3.5 .

of the wavelength
values, for » = 300 A, 500 A and 1000 A, for various values of Al. For
i g . . . .
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o

Of course these values are theoretical. The experimental errors will
be surely much higher especially due to the mechanical errors in the gra-
ting movement. :

A complete analysis of the errors will be given for a collimator type
monochromator in a separate paper [4].
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Fig. 3. — The schematic arrangement of the measuring system for the Tokamak device.
D — the distance between the first slit of the monochromator and the plasma center

(D ~ 1 m).

One of the most important problems is the intensity of the signal
received by the photon detector. Instead of computing this value, we will
compare the signal obtained in case of collimator type monochromator
with that obtained with a usual VUV concave grating monochromator.
In the case of this former monochromator in order to increase the signal
level, a high volume of plasma is viewed due to the conveniently high
solid angle of the monochromator-plasma system. Usually the photons
are received from a plasma volume exceeding 10 cm3. : :

In these conditions one of the questions is :

“Can a collimator type monochromator ensure enough signal at
the detector to be able to detect a comparable level of impurities in a
Tokamalk plasma as a classical spectrometer?” ,

Before answering this question we must point out one of the condi-
tions of use of VUV diagnostics in the future Tusion reactors. Because of
the size of the torus, of the blanket and of the shieldings, the distance
between plasma and the VUV spectrometer must exceed 5 meters.

In these conditions even for the usnal VOV spectrometer with
concave. grating, the solid angle will be smaller than in the case of the
experiments on laboratory tokamaks. ,

Let us consider now the signal received by the collimator type mono-
chremator. Instead of computing the solid angle we will compare directly
the plasma volume viewed in both cases — collimator type monochroma-
tor and classical spectrometer.

. In Fig. 3 is shown schematically the arrangement of the measuring
system.

3—c. 1234
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't D is the di the entr lit of the collimator type

is the distance between the entrance s ; : " type
monocIlfngnfllgzu?mf3 and the center of the plasma, the value of AL — the

average length of the toroidal plasma viewed by the collimator — 1s:
« Uy :

i
AT

Al (11)

For example for Al = 5 mm, D =5 m, R =5 m, we lffente;?i;i
= 30 mm according to eq. (11). This value has nearly the ox( er o nt"d
tude as the size viewed by classical VUV-monochromator. ({vo{lb?qug. mﬁg
the ratio between the plasma volumes viewed by gcl)lhnia,o 921 ype &
classichl type monochromators is expected to befltohis'i’_m L0 kine into

rease of this ratio, taking in

However, we may expect some Inc : i
account the solid angle of viewing the slit by 211.11 (ellenl%ntaly %)m:);lz‘uv :(%111;1(12)?
AV of t k. pl . This solid angle due to the large wlat
AV of the Tokamalk plasma. : g e U e et

" the *of it, will be much higher in the case of collimat
the order of mm) of the slit, will b 1 higher | R
g or in the case of usual VUV monochromator. In
type monochromator than in the ca : Vi chro S
tﬂg evaluation of this solid angle, the surface of the end slit of the inc .
- 1 - T - ) 3] o 1 . .
dent collimator must be considered. e s
In these conditions, we may conclude that for large tokamak;,
» hd ‘. . 7 - . .
especially for fusion reactors, in order to survey fus.lou' plasma 1‘ 13 \it:}mlble
diagnostics, the collimator type monochromator might be more suitat
b : i 3 ] 7 G -3, ] ’
than any other type of VUV spectrometer. ) R

The following advantages of the collimator type monoc E

must be pointed out :

— for constant }— ratio, the monochromator can be mounted a8
R

ar as i sed by the sizes of the blanket and shieldings of the iLl‘Swl.Oll
i&ﬁfﬁ% light}intensity decreases with the increase of tf;e piasﬁmlzgr%é {1113-)
ing distance (which permits higher values for R — col 11}[11? o ssibibl L
b(;ing slower than for the other type §pect1’omete_rs due to "te pto 3
to increase the collimator slit width with R, keeping A?c constant.

— the window in the Tokamak first wall and size of the YM}.“?%
tubing, provided for the light coming out from the qulon Plﬁilﬂ t;)\z) ?1?@ 1
the collimator type monochromator, can be sma,lle_r than that t0 orer
type of VUV spectrometers. This fact is important from the Pi)mfa(()z A
of the fusion reactor construction. This possibility is due tor the A mn.or(le’
the light intensity depends simultaneously on the solid n(lawu%bthLé gl
of the plasma from the collimator and _theﬁohd viewing angll'egator iv "
from an elementary volume AV of fusion plasma. In thelco 1;) ¥ hq{gl%
monochromator this last solid angle, due to the large V‘a 1]116 O'majll’nex?s: ch
quite important contribution, which partly (}ompensa_tgs the srb ool e o
the above mentioned first solid angle — which permlts & Sma size
the vacuum tubing between Tokamak and monoc‘hrom.aml. 1 bemsed

— atlarge plasma-grating distances a mono-slit collimator (13"'(;181 o(;) 15;;(“
due to the fact that Al is quite large in this case, and the corresp g
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iluminated surface of the planar grating at « > 70° is high enough being
of the order of 102—10% em?2. ,

In this case the construction of the collimator type monochromator
is more simple.

That means that with the increase of the size and complexity of
Tokamak, the construction of the VUV collimator type monochromators
becomes easier.

Due to the construction simplicity, such type of monochromators
can be used as a usual monitoring equipment for fusion reactors, various
possible solutions increasing the facilities provided by such system like
simultaneous temporal and space control of a given plasma impurity

using electron multiplier plates as VUV photon detectors at the exit slit
of emergent light collimator. ‘

COLLIMATOR TYPE TEST MONOCHROMATOR FOR VUV

A" VUV collimator type monochromator has been projected and
built [5]—[6] in order to check the compatibility of such devices with
Tokamalc and the possibilities to obtain data on plasma impurities using
a collimator type monochromator.

Taking into account the above mentioned objectives of the pro-
gramine, the size of this first collimator type monochromator for fusion
plasma has been chosen to be not very large. Consequently, the length
of the collimators has been taken in the project to be 0.5 m. Because of
the reduced length R of the collimator, the slit width cannot be very large.
The selected value for the slit width was 1 mm.

In order to increase the light flux, a number of multislit grids have
been used on both incident and emergent light collimators. The grids
number were 8 for each collimator, every grid being mounted on stainless
steel holder arms.

The collimator of the emergent light can be moved around the grat-
Ing axis. Due to this rotation possibility, the angle between incident and
elergent lights direction can be changed between 110° and 140°.

The grating is a planar one, with 1800 lines/mm, produced by Baush
and Lomb, with an effective surtace of 30 mm x 30 mm. The resolution

. A = . =
power is R = A mXN, where m is the order of the spectra and N
A

the number of grating lines illuminated by the incident light.
For an illuminated surface of grating of 0.1 mm width, the resoln-

tion power will be 2 130.
A

For % =1000 A, Ax will be>5 A.

The dependence of the selected wavelength on the mono chromator
and grating angle is practically linear for a constant value of « + B,
where o is the incident light angle and p is the emergent light angle, the
value a 4 @ corresponding to the angle between the axes of co Himators
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The equation for grating permits to compute (for a given value of

@ + p = 110°) the angular dispersion,

m =1 110 A/degree
s m=9 BT ‘A/degree
m—3 36 A/degree

where the angle values correspond to the grating rotation angle.

i

Fig. 4. — General view of the installation.

The grating is contained in the cenler of the vacuum vessel appearing in tha
- front. -
The collimator of the incident light is containe d'in the cylinder outgoing hackward
from the above mentioned vessel:

The mechanical demultiplication sys
2 measurable division on the mechanical scale T
of 1/200 from one degree.

The crossing point o
the axis of rotation of the planar grating.

The wavelength can be scanned by
grating, parallel to the rullings, avound the axis
in the surface of the grating.

All construction is of stainless stee
vacuum vessel. ’

The VUV photons are detected using an EMI
electron multiplier, mounted inside of vacuum vessel, &
collimator of the emergent light.

tem insures a displacement of
otation of the grating

£ the axis of the collimators is geometrically on:

simple rotation of the plane
which is geometrically

1 and mounted in a stainless steel

type open ended
t the exit of the
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The function of the VUV collimator type monochromator was tested
on the TM—1—MH Tokamak (Institute of Plasma Physics Pra@ﬁe) [8]
The monochromator has registered the VUV mdiat,ion f?‘om the:
central chord of the plasma column. The vacuum vessel of the monochr
mator was pumped ditferentially by a small pumping unit (~100 1/1 5
The vacuum valve allowed to detach the monochromm?or from the T kS)'
mal clll‘sle}mrgfp clhzu}lbfr ; a general view of the installation is seen in Fig‘ Z-
he cylinder in front of is b ’ nd
contai thz Pating in theoée%lt% 111).110’00 18 & part of the vacuum vessel and
The metallic cylinder outgoing from the above mentioned vessel
toward the backside contains the collimator for the incident light ‘

EXPERIMENTAL RESULTS AND DISCUSSION S -

reo‘imfu((}cmie 1%1%&101{;;111&1{ T‘MTI_MH_LS working at a low current
e % bioni f 3?1 _'ti» 4 kA, By = 1.3 T) as main impurities in the plasma,
zed states of oxygen and carbon are present. Consequently, we
m'ay expect to detect the radiation or the two, three or fouf tim'; ioﬁized
atopm of oxygen or carbon. The typical time evolution of the ma gl scopi
plasma parameters is shown in Fig. 5. e eoREopie
.. The main aim of the present experiment was to test the eollimator
type monqchronmtm"as a plasma impurity -detector in order ’ta obmlinoa

Fig. 5. — The loop voltage (u . L )
) e age (upper trace) and the plasma current (lower trace®
g}x;u acteristic time evelution in the Tokamak TM-—1—MIH disc%mrff; trace

. v g~

Sensitivity :upper trace :' 1 Vidiy,
lower traec: 8- KA div.
Lime. scale : 1 ms/div.
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pFig. 7. — The typical time-
evolution of some impurity line

intensitics.

Time scale 0.25 ms/div.
The time shifts of the maxima
for the lines of different im-

puritics are clearly scen.

Fig.: 6. — The time evolution of the
Lyman o line intensity.
Time seale : 1 ms/diy.
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sufticiently high signal at the photon detector ; the resolution of the mone-
chromator was not chosen very high. :

In Fig. 6, the time evolution of the most intensive line is presented.
The curve has maxima soon after the beginning of the discharge ( ~0.5ms).
By comparison with the results of visible range spectroscopy and with
data given by other authors [9], we identified this line as Lye (A =
= 1218 A). o ’ : o

As expected, Ly« radiation appears from the very beginning of the
Tokamalk discharge, due to the excitation of the neutral hydrogen atoms..
A fast decrease of the Ly« radiation follows because of the decrease of the
neutral hydrogen atoms density. ‘ '

Fig. 8. — The time eveolution
of an impurity line (A ~ 900 A)
for the grating angles varying
from shot-to-shot. ~The ecor-
responding step of the. wave-
Iength is appreximately 5 A.

an

gv

N llarb-uait] ’

05 W@ TR

Fig. 9. — The profile of the
impurity line (A ~ 900 A).

The maximum values of the radiation of multiple ionized ions of
impurities appear later than Ly« maximum. It is due to the temnporal
electron temperature growth during the initial stage of the Tokamak
discharge. Such a behaviour is demonstrated in Fig. 7. The maximum
of the signal in Fig. 7 ¢ appears at 1.25 ms in comparison with the maxi-
mum of hydrogen line (~0.5 ms). '
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... Line identitication can be performed using the linear dependence of
the wavelength on the rotational angle of the grating. The Lyman o line
can be used as a reference one. Using dispersion value (see page 10),
the wavelength can be assigned to the experimentally observed lines.
Using this method in the range. of wavelength 500—1218 A, ¢ line
at 703.8 A has been. tentatively identified. o

The value of the resolving power of the collimator type monochro-
mator was experimentally veritied by the measurement of a certain’ line
profile (line was not identified exactly) under knowledge that this line is
sufficiently nartow. Fig. § shows the time evolution of a line imtensity
for several positions of the grating (¢entral wavelength about’ 900 A);
Fig. 9 gives the corresponding profile reconstructed at the peak intensity
(~1 ms after the beginning of the discharge). It may be seen that the
halfwidth observed is ~6 A, which is really much larger than the maxi-
mum of Doppler or Stark broadening in the conditions of the TM—1—MH
Tokamalk plasma (from values n, ~ 210 em~3 and T, ~ 30—50 eV
it follows that Doppler or Stark broadening for carbon and oxygen lines
is not arger than 0.1 A). Therefore, the profile shown in Fig. 9 gives us the
apparatus function. . N R

The measured value of the resolution power (——) ~ 150 is %0 -
- C exp N

in good agreement with the theoretical estimation (——) - = 180:

theor

The stray light in the monochromator was negligible in comparison

with the actual level of signals. This was checked with grating arranged
in such position that no dirvect light from grating can arrive at the detector.
The measured signal was negligible in this case. ' ‘

CONCLUSIONS, .

The preliminary results of testing the  collimator type mono-
chromator on TM—1—MH Tokamak have proved the potential possi-
bility of the use of this device for fusion plasma.survey. - o

The next important step in the development of this programme is
to test the resolution power increase for a monochromator with a monoslit
collimator longer than 5 m. a ' T

Further studies should clarify experimentaily the influence of some
construction details (such as the errors in the: parallelism of grating rules
and rotation axis, that in the position of the crossing point of the collima-
tor axis with grating surface, etc.) on the resolution power of the colli-
mator type monochromator. : e SR s

Absolute calibration and sensitivity evaluation are necessary too.

 The above mentioned programme is Now in progress, joint research
of the authors of the present paper being planned at the end of this year
on..the. monoslit collimator type monochromator in the final stage of
construction. o o o o

. All the tests are planned to be done with an especially bright VUV
light source mounted without any envelope in the vacuum tubing for
incident light collimator. ’ ’ o T
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Due to the length of the collimator, a number of differential pumping

systems will be provided for the vac ing ight
e araiing, uum tubing between the light source
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