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ABSTRACT.

A high resolution LIDAR Thomson scattering system for JET has been designed, using a streak
camera detection system. The best achievable spatial resolution of the existing LIDAR systemis
9-10cm. There is a need for higher resolution than is presently achievablein order to resolve the
density and pressure gradients at the plasma edge during H-mode operation of JET. An additional
motivation is the possibility of taking high resolution LIDAR snapshots of islandsin the core of
the plasma. It has been reported that by using a streak camera system, resolution of better than
4cmisin principal possible, over alimited part of the plasmaradius. Some feasibility experiments
were carried out during aportion of thelast JET period of operations (1:9:90-3:11:90). A Hadland
675 Imacon streak camera and 50/40 intensifier formed the detection system, and a Tektronix
DCS digitizing CCD camera system recorded the data and transferred it to a PC for analysis.
Results obtained on the stray light signature, plasmalight levelsand our initial attemptsto record
scattering resultsare reported here. In addition, some genera problemsencountered in the operation
of the detection system and the interpretation of data are discussed. Using aThomson CSF streak
camera, intensifier and digitizing CCD camera system, and a set of optimized high filters, a
system to make high resolution electron temperature and density measurements has been
constructed and calibrated.



i) Introduction

The LIDAR-Thomson Scattering diagnostic, has been operating successfully at JET since July 1987.
Originally, the best achievable spatial resolution was around 12 cm. This figure is determined by the pulse
width of the laser, t,, and the response time of the detection system, 1, according to the relation (assuming

gaussian laser pulse and detector response);
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where c is the speed of light. Latterly, this figure has been improved to around 9-10cm, by deconvoluting
the received signal from the total response function of the system (the Green’s function of the system). Using
the existing system, it seems unlikely that any further improvements in spatial resolution will be possible
across the whole profile. However, it would be of interest to resolve locally distances significantly smaller
than this figure at the edge of the plasma, because in H-mode operation the scale lengths of the electron
density gradient, the electron temperature gradient and the electron pressure gradient are less than 9 cm
(fig.1). Understanding the nature of these gradients would yield important information on ballooning and
other modes in the plasma. To attain better spatial resolution with a LIDAR system requires a detection
system with a faster response time than the microchannelplate photomultipliers and transient digitizers
presently used, which have a combined bandwidth of 700 MHz. In addition, any shortening of the laser pulse
would clearly be helpful.

Large improvements in the detector response time may be realised by switching to a streak camera
detection system. Streak cameras with a streak speed of up to 30 ps/mm are available on the market. The
pulse length of the ruby laser currently in use on the LIDAR-Thomson scattering diagnostic may be reduced
to 180 ps by the addition of an appropriate mode-selecting etalon in the laser oscillator cavity. At this pulse
length, the laser energy per pulse is around 2J.

The system considered here (schematic, fig.2) shares the existing LIDAR-Thomson scattering system laser
and input optics, but only uses one of the six beams of collected light from the output collecting mirror
array (the remainder of the array will continue to be used by the existing LIDAR-Thomson scattering
system). A three channel filter spectrometer divides the light into three frequency bands before it is focused
down into 3 spots on the streak camera photocathode by a fast F/1 lens. A CCD camera records the output
of the streak camera image intensifier and the data is stored in digitised form on a personal computer. It
will be shown that spatial resolution of less than 4 cm is achievable using such a set-up. Even better
resolution could possibly be obtained by using a deconvolution technique on the observed data, similar to
that used on the present LIDAR-Thomson scattering system and this is also being investigated.



if) Modus operandi

A basic description of the LIDAR-Thomson scattering concept is given in {1]. Collected Thomson scattered
light passes through a 3-channel spectrometer and thence via an F/1 focusing lens to the streak camera
photocathode. The streak image will consist of three parallel lines, side by side, which vary in intensity along
their length. By fitting a spectrum to the 3 channel intensity distribution at each temporal resolution element
on the streak camera record the electron temperature and density profile for a 0.5 m ldng radial section
of plasma can be deduced. For a given focused spot size, X, on the photocathode and a given sweep speed,
S, the temporal resolution (i.e.response time of the detector) of the streak camera is just XS. For example,
a sweep speed of 75 ps per mm (well within the capability of available cameras) and a spot diameter of 2mm
yields a temporal resolution of just 150 ps. Inserting this into the formula for the spatial resolution and
taking a laser pulse time of 180 ps yields a minimum resolvable length inside the plasma of 3.5 cm.

iif) Collection optics

The backscattered light from the plasma first passes through a quartz output window of diameter 17 cm
whose centre is displaced 19 cm vertically from the mid-plane of the torus. The light is then focused by a
single spherical mirror of diameter 35 cm and focal length 2 m, such that a paoint at a major radius of 3.9
m is imaged close to a small newtonian mirror. The spherical mirror has an effective solid angle of collection
of 1.2 x 10%r. In turn, the newtonian mirror is imaged onto a field lens in the roof of the torus hall by a
second spherical mirror of diameter 30 cm and focal length 2.00 m . After passing through a two mirror
labyrinth, the plasma is finally imaged by an achromatic doublet, which is placed in the image plane of the
second spherical mirror. It is at this point that the scattered light for the high resolution LIDAR system is
separated from that of the existing LIDAR system. A 1:1 image of the plasma is formed about 1m from the
achromat, after passing through an aspheric corrector plate and a thin ( focal length 1 m) compensating lens.
The compensating lens is necessary because the focal length of the first spherical mirror is optimised for the
original LIDAR system, ie. to image the centre of the plasma (at major radius 3.05 m), not the edge.

iv) Spectrometer design

A number of constraints determine the nature of the spectrometer to be used in the system. Most
importantly, the number of photons collected by the collection optics from a single spatially resolved element
in the plasma must be considered. The length of a spatially resolved element is about 3.5 cm as calculated
above. The number of photons, n_,, scattered from this plasma element and delivered by the collection optics

to the streak camera photocathode is given by the formula
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where n, is the electron density in the plasma, n, is the number of incident photons, o, is the classical
electron cross-section, A is the cross-sectional area of the incident laser beam, V is the scattering volume,
T is the total optical transmission and Q is the solid angle subtended by the collecting mirror (note
V/A = 8L, the resolution element length). For collection optics as described above with a total transmission
of 20%, a laser energy of 2J at 694 nm and an electron density of 10"”m®, n,, = 4800. For an S25
photocathode, the quantum efficiency at 694 nm is about 3%. Therefore the number of photoelectrons
produced per resolution element would typically be 144; not a very large number, but certainly detectable.
The paucity of photoelectrons means that a diffraction grating spectrometer is unfeasible, as this would
spread the photons over a whole spectral range. It is more promising to use an edge or bandpass filter
spectrometer, which splits the incoming light into a small number of spectral bands and concentrates this
light at points on the photocathode. The overall transmission of such a system is also typically higher by a
factor 1.5. Two channels are required to determine the electron temperature, but using only two channels
precludes performing the kind of statistical analysis on the data as described in [2). Therefore a three
channel filter spectrometer is favoured. Having specified a three channel system, it is necessary to determine
the optimum frequency ranges of the channels for the required dynamic range in electron temperature, i.e.
01 - 1.5 keV. Using a simulation code good frequency bands for the system were found to be; 500nm to
580nm, 580nm to 675nm and 675-690 nm. i

Before the light rc‘achcs the streak camera, stray laser light and plasma light must be extracted from the
collected light. This. is most efficiently done by using a sharp-edged bandpass filter in each channel,
positioned after the edge channel filters, to reject unwanted light.

Finally, the optical path followed by light in each of the three channels must follow the same optical path
to within 1 cm (less than 1 resolution element) to best use the whole available streak length and avoid an
extra consideration in the time calibration of the system.

After the light passes through the spectrometer the 3 plasma images must be demagnified into as small
a spot as possible on the streak camera photocathode. For a 2mm diameter spot on the photocathode an
F/1 final focusing lens is required, if the scattering volume diameter in the plasma (i.c. the laser beam
diameter) is 4cm.

v) Specification of streak camera.

The first consideration in the streak camera specification is to choose an appropriate streak rate. Taking
into account eqn(1), it is clear that little is to be gained in terms of spatial resolution by having a streak
camera response time of much less than the laser pulse time (180 ps). A streak camera response of 150 ps
is reasonable, and for a 2mm light spot on the photocathode (achicvable by using F/1 optics), this equates



to a streak rate of 75 ps/mm. In order to observe 0.5 m of plasma at this streak rate, a 45 mm streak length
is necessary (assuming 1:1 magnification in the streak camera tube).

Both before and after the arrival at the streak camera of scattered light from the edge plasma region, a
large pulse of stray laser light arrives (around 10° times larger than the scattered light signal), the first from
the torus input window, the second from the torus inner wall. This dictates that the on/off gating ratio of
the streak camera should be > 10°. The laser light from the observed 0.5 m region arrives over a period of
3.3 ns and the total laser flight time to the inner wall and back is around 14 ns. A gating rise/fall-time for
the streak camera of less than 10 ns is therefore required, with a post gate suppression period of typically
100 ns.

vi) Experimental Aims.

From the discussion and experimental work described thus far, it is clear that in order to make high
resolution LIDAR-Thomson scattering measurements at the plasma edge, a custom built streak camera and
tightly specified bandpass and edge filters are required. However, having already set up much of the optical
system, it has been possible to obtain valuble experimental data before these special components became
available by using a loaned streak camera and a set of (un-optimized) filters.

a) to characterize stray laser light pulses;

b) to gain experience in the details of the experimental set-up (eg. triggering schedules);
c) to attempt to observe Thomson scattered light from high density plasmas;

d) to develop and test analysis software on real signals;

During the last two months of the JET operational period running from 29:8:90 to 3:11:90, the Hadland
675 Imacon streak camera and accompanying intensifier unit previously used in preliminary experiments
described in [1], were available. It was therefore proposed to use this equipment, in conjunction with a set
of blocked bandpass filters designed to reject ruby laser light but with pass-bands fairly close to and on the
short wavelength side of the laser line, in an attempt to make some relevant observations. The edge
filter/mirror stack shown in the schematic was replaced simply by a mirror, so all measurements made were
1-channel measurements. Later during the experimental period, a notch filter which transmitted ruby laser
light ( about 99% transmission at 694.3nm) but strongly rejected the remainder of the visible spectrum

became available and was used in place of this mirror.



vii) Expected Plasma Light Level.

A mention must be made of the signal expected to be detected by the system due to plasma light since
this is a potential source of noise. In the plasma, conditions are such that bremsstrahlung, recombination and
line radiation all make important contributions to the plasma light in the spectral region of interest.
However, a calculation of the order of magnitude of the bremsstrahlung contribution will serve to illustrate
a comparison of the order of magnitude of background signal due to plasma light with the scattered light
signal. For a plasma with Z_, approaching unity, the number of photons radiated by bicmsstrahlu.ng in
wavelength band dA (nm) is given by [3],

n, = 7.62 x 1072 (n2/AT)'?) G, Qtv, di (3)

where n, is the electron density (m™®), T, is the electron temperature in eV, G, is the free-free Gaunt factor,
Q is the solid angle subtended by the optical collection aperture (10%sr), t is the integration time (14ns) and
V, is the portion of the radiating plasma volume accessible to our optical system (2.0x0.0012 m™®). For a JET
plasma with a line average electron temperature of 3000 eV, electron density 2x10'°m™ and a G, of 3, this
yields 90 photons in a bandwidth of 10nm centred at 640nm. It is usual practice (e.g [3] ) to multiply the
pure hydrogen bremsstrahlung estimate by a factor of 100 to give a worst case scenario for plasma
background (bremsstrahlung + line + recombination contributions) in a tokamak, giving a total plasma light
estimate of 9000 photons.

Comparing this figure with the total number of scattered photons expected in the same wavelength
interval (integrating over a 2m scattering length because using a slow streak rate, scattered light from the
whole plasma may in principal be collected), of about 91,000 yields a signal to worst case plasma light ratio
of better than 10. Therefore, the plasma light background source was not expected to be a problem in this
experiment.

The actual signal to noise ratio (i.e., the relative size of quantum noise fluctuations in the signal) is
obtained by comparing the number of signal quanta to the square root of the sum of the number of signal
quanta plus plasma light quanta (since quantum statistics dictates that the noise fluctuation is the square root
of the total signal; any non-fluctuating background level may simply be subtracted). This calculation should
be performed at the point in the détection system where the respective number of quanta are smallest, and
this is in the streak camera, after the signal has been photoelectrically converted to electrons at the
photocathode but before amplification in the intensifier. The quantum efficiency of an S20 photocathode at
640nm is around 2%, and using this figure in the calculation yields a signal to noise ratio of better than 40.
Thus, quantum noise considerations may be neglected

viif) Set-up and Description of Apparatus.

a) Optics
A photograph of the experimental set-up is shown, figs.3. The emphasis here is on the mechanical details
of the actual set-up used, though changes to the optical design described earlier are noted and discussed.



Light collected and focused by the vertical spherical mirror array in the torus hall is transferred to the roof
laboratory via a relay optical system. The beam from the upper spherical mirror is separated from the
remainder of the light at an image plane of the vertical spherical mirror array. The bulk of the collected light
goes to the original LIDAR-Thomson scattering microchannelplate photomultiplier detectors. The beam
separation is performed by an elliptical plane mirror placed in the path of the beam from the upper
spherical mirror at 45° to the beam, supported by a hollow finger assembly which is bolted onto a metal
mask in front of the achromatic lens (an image plane of the vertical mirror). The light is redirected through
an f = 0.5m field lens (for the plasma image) by another small mirror held by an adjl.istablc assembly
screwed into the edge of the light box.

At the next image plane of the vertical mirror is placed an f = 1m lens, just behind which is a plane
mirror which directs the light from the plasma back through the f = 1m lens and (via another plane mirror)
to a f = 0.5m field lens. This field lens is in turn imaged by an aspheric demagnifying lens working at focal
ratio F/0.9 onto the photocathode of the streak camera. Thus, an image of the scattering plasma volume is
formed at the streak camera photocathode.

As described, the optics will image the centre of the plasma in the JET vessel, at a major radius of 3.05m.
However, since the diagnostic in its final form will be primarily intended to make measurements at the
plasma edge, a thin (f =0.8m) corrector lens may be inserted at the base of the elliptical mirror support
finger, very close to the achromatic lens. This has the effect of modifying the optics in the roof lab to be a
relay system for, and to image at the photocathode, light from a major radius of 3.9m, the plasma edge
region.

The aspheric demagnifying lens must be mounted very close to (around 2 cm) the streak camera
photocathode. To allow this, the shutter assembly in front of the photocathode was removed and a custom
made lensholder fixed in place, utilising the shutter assembly screw holes. So that the shutter could still be
used if required, the lensholder was made with screw holes allowing the shutter assembly to be affixed in
front of the lens.

The optics in the roof laboratory up to and including the first f=0.5m lens are enclosed in the original
LIDAR light-tight box. The remainder of the optics are enclosed by specially built light boxes, designed to
be casily removable to facilitate adjustments to the optics in between JET plasma pulses. A heavy black cloth

was used as a light seal around the camera aperture,

b) Detection system

The streak camera used throughout these experiments was a Hadland 675 Imacon model obtained courtesy
of Imperial College, London. The photocathode fitted is a glass fronted S$20. The streak rate of this camera
is adjustable over the range from 10nsmm™ down to 30 psmm™, and during the course of the investigations
the streak rates 1nsmm, 2nsmm and Snsmm'™ were utilized. The magnification of the electron optics inside
the streak tube was set at x3 throughout, so the actual streak rates observed at the output of the streak tube
for the settings used are 1/3nsmm™, 2/3nsmm” and 5/3nsmm™ (i.c indicated rate divided by 3). After
intensification and processing the scales on the A4 printouts become approximately 0.25, 0.5 and 1.4nsmm™

respectively.



As the laser pulse moves through the plasma, the light collected by the collection optics in fact forms a
moving image at the photocathode. The direction of the motion of the focused image is in the vertical plane.
If the streak camera is oriented so that this image motion is in the direction of the streak, then the effect
of this spot motion manifests itself as a small increase in the effective streak speed, which poses no major
problem to the interpretation of results. If, however, the streak is perpendicular to this direction, the
streaked image will no longer appear as a straight line, making analysis more difficult. In addition, for a
multichanne! system with two or more focused images squeezed onto the photocathode, a channel may be
shifted beyond the edge of the photocathode. Therefore, the camera was mounted on its .sidc, so that the
streak direction is in a vertical plane.

A related issue is the defocusing of the laser pulse as it moves through the plasma. Any design of
collection optics can only image one point in the plasma at the photocathode; other points are by definition
out of focus to some degree. For a high resolution edge diagnostic which only examines perhaps 0.5m of
plasma or less, this defocusing effect is unimportant. However, the defocusing of the spot is a fundamental
barrier to obtaining high resolution measurements along the whole plasma radius using a single streak
camera and collection optical system, because for much of the plasma chord the out-of-focus spot size will
be large, causing the effective integration time of the streak camera to be long (of course, other fundamental
problems exist in making such a measurement, such as the trade-off between spatial resolvability (a function
of streak rate) and the available streak length of existing streak cameras). The depth of focus of the
collection optics could always be improved by increasing the focal ratio of the collection aperture, but this
means that less scattered light is collected. As the expected signal is already close to the limits of
detectability, this is an undesirable course of action.

To trigger the detectors, the voltage pulse from a Pockel’s cell, acting as a single pulse selector in the

ruby laser system, was used.

ix) Results.

A2) Initial results
The laser was fired at the JET i:lasma commencing on shot 22635 with the camera set to the 1ns/mm

streak rate. The signals recorded consisted of two distinct components; i) sharp, intense peaks whose
position on the streak record could be moved by adjusting the relative delay on the arrival of the trigger
pulse at the camera and ii) a background of lower intensity but extending over the whole of the camera
record and whose features appeared completely independent of the trigger timings (fig.4). The sharp peaks
behaved in a manner consistent with the expected stray laser light pulses originating from reflections of the
input laser beam. A schedule of expected stray light pulses was constructed and matched to what was
observed in and around the time window of interest (fig-5).

Fig. 5 shows a streak camera record on the Snsmm™ streak rate, when the laser was fired into a vacuum.
Only the first of the two components mentioned above is seen here. Identifiable stray light pulses are from

the input window of the torus (observed via two different routes in the collection optics) and the torus inner



wall. Neither the input window nor the inner wall are imaged by the collection optics, and so these pulses
appear out of focus on the streak camera photocathode giving relatively long duration signatures due to this
blurring. In this case the filter in use had a pass band of 6nm centred at 683nm. Its transmission of ruby
laser light was measured to be 2.9x10°.

Explanation of the background signal (e.g. fig. 4) posed more of a problem. The time independence (at
least on a ns timescale) of this signal and its intensity variation with plasma density (no plasma, no
background) are consistent with a plasma light signal. However, its observed absolute intensity at this streak
speed was 3 orders of magnitude in excess of what might be expected for a worst case plasma. This could
be explained if the post-streak gating of the camera was not working correctly. On a Hadland 675 camera,
the post-streak gating is designed to operate in the following manner: a large (kV) "blanking-pulse” voltage
is applied for 10ms to the high voltage focusing mesh just behind the photocathode of the streak camera in
order to completely defocus the electron beam originating at the photocathode, effectively gating out any
signal with a gating ratio of 10" . Thus, when about 30pus after the end of the streak, the sweep plates of the
camera are reset to the starting position (an action which would sweep the beam slowly back across the
phosphor screen were it not defocused), nothing is seen at the output of the streak camera. If this blanking
pulse system were defective, and the flyback signal were visible, then the plasma light level would seem
anomalously large because the flyback occurs over a period of around 50ps, 3 orders of magnitude slower
than the streak.

Initial investigations into this effect, performed by illuminating the photocathode with a constant light
source, showed that the signal recorded was roughly constant in intensity for a range of streak rates from
1nsmm™ down to 60psmm', demonstrating that the recorded signal was to a laréc extent independent of the
indicated streak rate. At slower streak speeds (2nsmm” and Snsmm™) a smaller signal was observed,
indicating that the observed effect was less severe in these regimes, a fact used in the quantitative
experiments performed later on. .

Attempts to shutter out the effect, using a liquid crystal shutter with a closing time of 200us, failed. This
result is commensurate with an un-gated flyback signature occurring on a shorter timescale than 200ps.
Since the high voltage blanking pulse is switched by a krytron tube, which is mounted so as to be visible
when the camera front panel is opened, its operation may be checked by i) seeing by eye if it fires and ii)
seeing how soon it fires after the end of the streak using a photomultiplier. These tests indicated that the
krytron fired 700ns after the end of the streak, i.c. it appeared to be operating at the correct time.

Experiments using a laser diode to characterise the detection system confirmed that the flyback signal
was visible. Figure 6 shows a streak record of a laser diode producing 20ns pulses every 4us. Only one such
pulse could be recorded by the actual streak (due to the 4us rep-rate) and in any case its intensity would
be too low to be detectable. This recorded signal is, therefore, a flyback signature in the absence of a
blanking pulse.

As stated above the problem was less severe at streak rates of 2nsmm™ and Snsmm™, so these rates were
used in attempts to observe scattered signal. In addition a set of filters were used to further attenuate plasma
light signals and laser stray light pulses (one of which arrives very closely in time to the scattered signal from
the plasma). The filters were mounted directly in front of the aspheric focusing lens on the front of the



camera. Laser stray light was further attenuated by use of a notch transmission filter in place of mirror 3.

b) scattering results
Using a bandpass filter centred at 640nm, along with the ruby laser notch transmission filter in place of

mirror 3 in the figure, a reproducible feature was observed on the CCD record, just earlier than the inner
wall stray light pulse. Measurements were made at 2nsmm™ and Snsmm™ (figs 7, 8). The signal was not
observed at times when there was no plasma or when the detection system was triggered without the laser
having fired. The signal was always centred 8ns before the peak of the inner wall pulse, i.e. at a time
corresponding to the arrival of Thomson scattered light from the plasma centre. In verifying this, a
geometrical correction must be taken into account due to the motion of the image spot on the photocathode
(arranged, as described earlier, to move parallel to the streak direction). This correction is independent of
streak speed and was shown by the optical design software to correspond to the image of the centre of the
plasma appearing 1cm further away from the inner wall pulse on the A4 record than would be expected
from purely temporal considerations.

With the calibration data obtained in the laser diode experiments described in the next section, it is
possible to approximate the number of photons corresponding to the signals of interest in figs.7, 8. This may
then be compared to the expected number of photons calculated using the simulation program. Using the

expression,

n, - ':PYME’ - @
Nsew

where n,, is the number of photons represented by the feature, P is the laser diode laser power required
to produce a signal of the same magnitude, E, is the energy per photon at 640nm, < is the time duration
of the signal, y is the quantum efficiency of the S20 photocathode at the subscripted wavelength and vy is
the pincushion screen correction, yields the following results;

7a) 1.2+/-0.4 x 10° photons
7b) 1.1+/-0.4 x 10° photons

8) 1.4+/-0.5 x 10° photons

These numbers compare with an expected value of 0.8x10° for a typical JET plasma.
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x) Conclusions.

8) Stray light

Mecasurements of both the timing and magnitude of stray light pulses observed in these experiments
suggest that it will not be a problem in the forthcoming attempts to investigate the plasma edge region and
magnetic island structures at high resolution. Even using a non-optimized filter set, it was possible to time
resolve these signals without precipitating complete saturation or severe blooming of the streak camera
photocathode. It should further be noted that the inner wall pulse was considerably larger than usual
throughout this operational period because the inner wall tile on which the laser pulse usually dumps became
detached during a disruption, allowing the laser beam to scatter from a shiny metal surface.

b) Scattered light signals
There is strong, though not conclusive, evidence that a Thomson scattered signal was detected. The

feature in question was,

i) reproducible,

ii) only present when laser pulse and plasma present,
iil) of the expected magnitude, |

iv) at the expected time.

<) Flyback and plasma light

The problems encountered with the streak camera gating system highlight the importance of the highly
specified gating performance of the camera built for the high resolution system. The estimate of the
magnitude of the plasma light signal yielded from the spurious flyback signal ( around x10° enhanced)
implies that in a correctly gated camera this should not be visible.

d) Triggering
The system was triggered reliably from the spare single pulse selector output of the laser.
xi) Present status (as of 1:7:91).
The system (described in the first five sections of this paper) designed to acquire high resolution data

has been set up. Using a streak camera, intensifier and a digitising CCD camera system supplied by
Thomson CSF and a set of high specification filters, high resolution observations of JET plasmas will be

11



attempted. It is intended to look both at the edge plasma region and to take high resolution snapshots of
pellet induced snakes on the q=1 surface.

The calibration of the system is a three stage procedure. First, the spectral response of the system was
measured, and is shown fig.(9). This measurement is performed by illuminating each channel with light from
a grating spectrometer and measuring the output. Secondly, the relative sensitivity of the three channels is
measured, using a calibrated blackbody source to illuminate the three channels. The source used is a circular
target painted with TiO, illuminated by a tungsten lamp. Finally, the absolute sensitivity of the system is
obtained by comparing recorded signals with corresponding density measurements from ti:c main LIDAR

Thomson scattering system.
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[6] Flyback signature characterized by laser diode



F j. 7a) Detected Signal (5ns/mm)
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Fig. 7b) Detected Signal (5ns/mm)
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Fig. 8)

Detected Signal (2ns/mm)
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Fig.(8) Transmission characteristics of 3 channels
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Key:

M1 - mirror 1 M2 - mirror 2 M3 - mirror 3 M - miror 4

L1 - f=0.5m lens

12
j

L4 - aspheric condenser

-f=1m lens
S - str2ak camera

L3-{=0.5m las
- beam path

(3] The preliminary system



Fig. 4)

Stray Light + Background

a) Intensity distribution of signal (summed vertically)
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(4] First results -
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Fig. 5)  Relevant Stray Light Pulses
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