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A'combimation laser, spectrometer device has been
constructed to observe the electron density and tem-

" perature of the ORMAK plasms by Thamson scattering in
the range of 50 eV—2 keV. The apparatus can observe
the plasma at six redial positions end fire four 30
panocecond pulses of Q switched ruby laser 1light
during an ORMAK shot. The apparatus and some of 1its

i optical compornents are described.

Introduction

Diagnostic devices on a plamma physics experiment
should give as much infonnation as posgible without
disturbing the plasma in any way. Observatiors of 90°
Thanson scattered laser light meet these requirements
X by giving both the temperature apd dersity of the
electrons in & plasme directly.

The device recently completed for the ORMAK ma-
7 chine can ohserve the plasma 4t six radial positions
and produce four laser light pulses during a single
ghot, providing a radial profile of electron tempera-
ture and density.

Features Unigque t£0 the ORMAX Machine

Te ORMAX machine (see Fig. 1) bas, in addition
to tl.. usual probvlems oa Tcrzamaxs, several feastures
that cozplicated the design «f the Thamson scaitering
apparatus, &s follows:

1.

The vacuum system is camposed of two differentially
pumped vessels requiring double windows at each
penetration.

2. The ipner liner surrounding the plasma is cooled
to B80°K apd baked to 500°K, putting severe thermal
expansion ané sealing restrictlons on the ccmpo-
nents.

3. Because of the size of the ovter vacuum tank (4 =
in diameter) long reentrant tubes are reguired to
allow the optical system to "reach” the plasma re-
gion.

In past operation large bursts of energetic X-rays
were often emitted throughout each shot. Prior to
the addition of massive lead shielding (a €-in.
shadow shield and 1/2 in. skyshine shield), the
photomiltiplier tubes were campletely overwhelmed
by X-ray induced noise making light measurement
impossible. (Forturately current operzting proce-
dures bave drastically reduced the X-ray emissions.)

In addition to ithe above, the usual problems of
access to a Tokemak machine are present such as finding
a place to put 13 input and viewing ports withous dis-
turbing the conductors producing the vertical, ohmic
hesting, and toroidel fields. It was also necessary to
design shutters to nrotect the wincows during baxing.
Due to the massive X-ray shield problem, the designper
was faced with the prcblem of providing & relisble,
precise method of supporsing & movable 1500# optical
system operating 10 feet above tae floor.

*Research sponsored by the U.S. Atcuic Energy
Camission under contract with the Unlon Carbide
Corporation. '
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Previous laser System on ORMAK

The previous Thomson scattering system on OAMAK
posed severe aligmment problems since a major portion
of the optics were inside the vacuum tark which often
stayed closed for months, precludling adjustment or
madificetion. Cooling the pystom to liquid nitromen
temperaturcs produced larpge movements of Lhe opuleal
components which could only be corrected within the
limits of the external optics.

In addition to the adiustment problem, the system
had a limited light gathering capability which was fur-
ther reduced by the large number of optical componerts
and the low transmission efficiency of the tiber optics i
light guides used to transmit the light from the poly-
chromator to the photcmultiplier tubes. Also, this
system could only look at three radial positions in the
plasma.

Requirements of the New Machine

In designing the new system the fcllowing general
eriteria were established:

1. The entire optical system should be self-contained
end operate at roam temperature.
2. A high level of mechanical stability and cverall

relisbility wss mandetory.

3. All eligrmenv and calibration to be done exterral
to tke vacuum system.

L. Observaticns were to be made at &as many radial
positions as possible to provide a representative
profils of the plesuma,

5. Collecting optics should have maximum possible
1light gathering capability.

6. Al windows, shutiers, ete., attached to the limer

should withstand bexing at 200°C.

The Wew Tho'naon Scattering System

Modificetions to the Tﬂr)!. and Liner

Reentrant Tubes in the Vacuum Tank. Referring
egein to Fig. 1, one can see the new laser dlagnostic
system. The long reentrant tubes attached to the
vacuun tank are a part of the primary vacuum system
and were necessary to allow the optlical system to
operate in air. Because of the low ambient temperature
inside the tank (B80°K), it is necessary to insulate
these tubes with aluminized isiylar and keep them at or
near roam temperature to retain vacwm integrity of the
wirdow O-ring seals. Dry nitrogen at roam temperature
1s eirculated through passages in the tubes to keep
them warm. A constant dry nitrogen purge to the in-
terior of the tubes is malntained to prevent fogging
of the windows by atmospheric moilsture. Antireflection
coated quartz winlows axe used throughout as are pre-
baxed Viton O-rirngs.

Tne choice of six separate Wwindcws was & hedge
against tiie possibility that, due to loss of war gas
flow, the temperature of the tubes mizht drop to vhere
the segls would leaX or a window might crack cue to
thermal stress. 3Because of ‘the low internal tempera-
ture in the machine, a large air leak 1s catastrophic.
Weeks of operating time are lost when it beccmes neces-
sary to wam up the machine and let 1% vp to alr for
repairs or modificetion. ;)
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Window Shutters. During perioeds of discharge
cleaninz and experimental operation, materiel 1s sput-
tered from the interlor wall of thz ORMAK liner and
limiter. If not protected by shutters, all of the ex-
posed glass surfaces would became coated, decreasing
their light trensmitting efficlency. In the case of
the laser input windows and laser light dumps the
laser heam will shatter a dirty glass surface. To
guard against this, all openings are protected by
mechanically coupled shutters providing all windows
with protectlion when the laser system is not in use.
In operation the six wirdows rmay be opened in eitker
of two groups of three alternate ports. The corre-
sponding laser beam dumps open simultaneously.

Light Dumps. The laser beam dumps are made up of
two pleces of Corning CSL-72, blue-green filfer glass.
This glass transmits only 10-3% of the 6943 A laser
light. The primary target surface is set at the Brew=-
ster angle and the second plece 1s placed alongside,
parallel to the incident beam to absorb any light re-

flected from the target surface.

-
The position of the “viewirz dump” is indicated

in Fig. 1. This device is necessary to provide the

black background for the collecting optics which would

.otherwise look directly at the plasma light reflected

fran the liner wall. Due to space limitations it was
necessary to put the sssembly inside of the liner

- where it 4is exposed to the plasma and the materiel

sputtered off the linmer wall. It 1s so designed that
it is outside the limiter radlus.

After trying several surfaces, it wes declded to

‘use razor blades stacked edge on to the collector lems.

Because of the high, pulsed cegnetic field, these
blades had to be made of a ron-magnetic material. A
camercial blade manufaciurer supplied blacdes of 302
steinless steel with edges ground and honed in the
usual manner and then polished to & mirror surface on
the “cutting" edge to reduce diffusive reflection.
Vacuum considerations reguired +hat the blades be
spaced epart leaving & voild through wnich parallel
1light could penetrate and be reflected. To dispose of
this light the stainless steel blade holder had a sawe
tooth thread machined into its surface and the holder
was then blackened by & chemical oxidizing process.
The assembly is shown in Fig. 2. Comparative tests of

"this cambination showed it to be better than eny other

canbipation of blades or surfaces tested.

Laser System and Receiving Optics

Input_System. The self-contained laser system and
collecting optics are shown in Fig. 3. The source of
laser light is & 10 joule, Q switched, ruby laser capa-
ble of four consecutive light pulses of 30 nanoseconds
duration during each shot of the ORMAK machine. A
Pockels cell performs the Q switch function.

The slightly divergent (~1 m red.) light beam of
about 10 mm diameter 1is directed downward by an ad-
Jjustable prism and then focused to 1 mm at the optical

" axis of the viewing system by a single lens of 75 em

focal length. Output erergy 1s monitored by diverting
a small portion of the beam into a calorimeter with a
beansplitter. A seccnd beamsplitter diverts nalf of
this light to e diffuse reflecctior mede of magnesi
oxide which illwninates a photemuliiplicr tube :moni-
toring input power.

In acdditicn to the ruby laser, the
contains a He-liw laser which iz used for
the system. By inserting e nizror and eambdirad
beanmsplitter and telesccpz, mountsd on xincmuatic sup-
ports, 1t is possible to direct the He-le laser besa
into the ORCAX zochine exni chserve the aligrment cf
a1l input spertures. To assure co-linearity of the
input and collecting optical systems the ruby laser is

fired at a plece of brass shim stock placed at the
focal point. By illuminating the resulting small hole
(0.5 m) the collecting system can he aligned.

Collectiny System. The details of the collecting
system are snown schematicelly in Fig. 4. The objec-
tives lens is 185 mm in diareter and has an effective
focsl length of sbout 4BO mm (thus £ 2.5). A sespent
of the scattered laser light 20 mm high and 1 ma wide
is observed by this lens. Since the laser light source
and the collecting system are mounted on the same novas=
ble carriage the light source is alweys in focus as the
deviece is rolled fram one input port to another. To
reduce stray lighit the lens 1s masied down to a rectan-
guler aperture just suificiently large to receive all
scattered light emanating from the liner output window.
Additional rectangular apertures in the lens support
tube further reduce the transmission of unfocused stray
plasma light.

Two notch filters (made of & high transmission
69L3 R interference filtepr with & blue filter glass
backing) absorb the 6943 A stray light and reflect the
rest of the spectrum. The effective rejection ratio
is about 15 for each filter. The field stop end field
lens are placed at the intermediate image position be-
tween the two filters. A four-element relsy lens then
focuses the light on the polychramator slit (30 mm x
1.5 m). The field lens before the slit projects the
apervure of the relay lems onto the grating of the
polychrazator.

The polychromator is & commercial 50 cm Czerny~
Turner instrument having a 64 x 64 mm grating with 6CO
lines/mm blazed at 5000 4. Dispersion is 32 i/rm. The
cbserved rangze in the SCAT-PAX is from 6643 25500 A
ellcwing measuremsnt of electroa temperatures up to
about 2 keV. Blue glass baiffles have been added to the
polycargmator to eliminate the zerotn and nigher order
diffracted light. Ian order to prevent line radiation
of working gas (HE,, He), three light dumps are placed
at the exit of the polychrcmator between light guides.
In addition, there is & thjck, concave stack of razor
blades to absorb the 6943 A stray light.

Light Guides end Photomultiplier Tubes. Perhaps
the region of greatest novelty in the entire opticel

system is the light guide and photamultiplier system
shown in Fig. 5. Tests'of many configurations were
made in en attempt to get maximun light transmission
efficiency and, if possible, some gain in the photo-
multiplier signsl by multiple internal reflections.

The RCA 8852 (“extended red cathode") photomultie-
plier tubes used have a plano-concave window with the
photocathode on the concave surface. The only known
method for improving the output signal of this type of
tube by multiple internal reflection is to direct a
marrow band of highly collimated light into the edge
of the window. By careful aligmment two or three in-
ternal reflections can be cbtained. Because of the
thickness of the 3/16-in. plastic light guides we were
unable to profit by this approach.

The system finally adopted involved silver plating
the photocathode end of the tube as shown in Fig. 6,
leaving a wirndow slightly larger than the acrylic light
guide on the cylindricel suxrfoce of tha tube. Tne sil-
ver curface muct be tled elestrically to cathode poten-
tlal roaqulring thet the tube suppert be insulated from

grouni.

The erd of the escrylic light gulde was machined
olished 4o m&ich the cylirdrical radius of the p.m.
. A Grop of silicese oil cptically couples the
izght gulde {o the glass swyface. Comparison tesis
snoved that thls arrangement gave a sigral about 507
greater than that cbtained with the conveantional head-
on configuration.
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In addition to the sse in output signal the
geametry of the modifieu .oe permitted a sizple and
canpact deslign of the ecrylic light guide. Since the
entire assembly had to be enclosed im & 1/2-in.-thick
lead Xeray shield, a compact design was most desirable.

Laboratory tests snowed that twists and bernids in
the light guides did rot materially reduce the transe
mission efficiency; nowever, when sane sort of claxp
for the p.m. tube was cemented to the end of the lignt
gulde, the light transaission was often cut in haif,
Many geometries were tested and all showed large
amounts of light radieting fram the clerp itself.
Fipally, a clamp was constructed wnich was mzechanically
clamped to the gulde and only zade line contact oz the
fowr cormers minimizing the contact area between clazp
snd gulde. Losses in this design were regligible,

Casuel observation of lignt transmission through
one of the light guides were not coupled to a p.u.
tube 1s deceptive. The cylindricel surface at the end
of the plastic guide presents saze surface at an angle
greater than the critical angle-for interpal) reflec-
tlicn., Where this occurs, the light is refleacted dack
to the source. When coupled %0 a p.m. tube with
matching, fluid, this does not occur.

Earlier experience in ORMAK chowed that the most
intense plasma light seturated the photacultiplier
tubes making observation of the Thomson scattered
laser light impossible. A mechenical shutier wos used
to bdlank out this portion of the cbserved lizht but
wags no% found fast enousin to ba satisfastory. Ia the
new machine, G. R. Dyer* has developed ghotemultiplier
bases which eaables us to turn on the tites in & shors
tize (-2 msec) only when desired. The outjus of the
Po3. tibe Is now interlzied +v e FOFSE carpuser through
10 Gual double gated integiators.

Concluszion

The SCAT-FAK kes operated successfully now fer
several weeks on the ORAK zmacnine givirs profiles of
electron temperature ard éensity over & range of
operating parszeters. A typical profile is shown in
Fig. 7. Electron teczperatures caz be mezsured up to
2 keY and have been observed {n the range of 50-1100
eV.

Plasoa background and stray light have been re=-
duced to belov the threshold of detection sepsitivity.
Mecbanieal stability of the optical system has been
satisfactory and, &8s experience is gaired, =cre
sophisticated aligntent aids will be constructed to
speed up these procedures.

Reference

1. G. R. Dyer, Fifth Symposiwz on Epgineering Problexs
of Fusicn Research, lovezber 6-9, 1973, Princeton.
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Figure Captions

ORMAK Machine and Thomson Scattering
Apparctus,

Viewing Light Dunmp

Thomson Scattering Apparatus - SCAT-FAK
Collecting Optics

Light Guides and Photomultiplier Tubes
Silvernlated Photomultiplier Tube
Typical Profiles”Of E¥actron Density And

Temperature Obtained With The Thomson
Scattering Apperatus



ORNL-0WG 73-11248

B A e ekl v
N\

Q-SWITCHED

RUBY LASER
\ PRISM
] = —
PHOTOMULT!PLIER
nousms\
POLYCHROMATOR\\
‘_.._... - X >
? S A S
yarsgl i
FEET LASER oump/

Thomson Scattering Package

1
]
S



v

-“-“uwu

INCHES

_

2

_._;;l
3



T S

Tw..___k,,,._r- Ee.
-

AN

_.‘.-.-::-‘:,L:“_;'..'.ug ¥" ‘

!
'

\ \ oo

[0 st et b s

(.»\4 td -
.. - .

¢
v .
. €
4 B |
.

IS - P W ssavMANS

A - | | -




! Y ]
[




ORNL-DWG 73-11246
/BLUE GLASS

VIEWING
GRATING DuUMP
64 mm x 64 mm . .
RULED AREA SHADOW QHIELD
RS ORMAK
N PLASMA

TANK
WINDOW.

BAFFLE \
POLYCHROMATOR
PHOTOMULTIPLIER
/ HOUSING

. \
P

LIGHT SQURCE -1 mm
diam x 20 mm HEIGHT

LENS
OPTICAL
NOTCH FiL=
TER NO. 1 OPTICAL 3-in. x5 Va-i
. g-in.
NOTCH FILTER HEIGHT LINER
RELAY LENS NO. 2 WINDOW
FIZLD STOP

FIiELD LENS
NO. ¢

Collecting Ootics Layout for Scat-Pak.

am






R R R

ORNL —DWG 73-11346A

NEW THOMSON SCATTERING
NO. 14331447
I, =98 KA, V=23V
By =18 kG
7. = 3x103em™3
'.’ e X cm
m=2 MHD INSTA

1000 |—

(x10'3)

To (1) |5

o
-10

0 10 20.}
LIMITER

r {cm)



