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X-RAY STREAK AND FRAMING CAMERA TECHNIQUES* 
Lamar W. Coleman and David T. Attwond 

University of California 
Lawrence Livermore Laboratory 
Livermore, California 94550 

X-ray diagnostics play an important role in studying the characteristics 
of the high density plasmas produced in laser fusion experiments. An essential 
feature to be studied in these experiments is the compression and heating of 
matter to thermonuclear conditions and the high temperatures and densities created 
require the use of x-ray diagnostics. The need for the development and application 
of new diagnostic techniques and instrumentation has been posed by the spatial and 
temporal measurement scales characterizing the experiments. . 'esent experiments 
are typically performed with laser pulses in the J'lOO psec time scale irradiating 
targets typically in the 50-100 urn size range. Figure 1 is a photograph of a typical 
laser-fusion type target, a hollow glass sphere 72 vim in diameter which, after 
irradiation, can be imploded to much smaller dimensions. Figure 2 is a typical time-
integrated x-ray spectrum obtained from a glass target irradiation experiment at 
the Livermore JANUS laser facility. Measurement techniques capable -if working in 
this spectral range with temporal resolution on a picosecond scale at J spatial 
resolution on a micrometer scale are required to obtain an adequate understanding 
of the phenomena under study. 

This paper reviews recent developments and applications of ultrafast diagnostic 
techniques for x-ray measurements. These techniques, based on applications of image 
converter devices, are already capable of significantly important resolution 
capabilities. Although the bulk of the paper will concentrate on work in progress 

*Work performed under the auspices of the U.S. Energy Research and Development 
Administration. 
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at the Lawrence Livermore Laboratory, a summary of developments elswhere will 
be included. 

For the purposes of this paper, techniques capable of time resolution in the 
sub-nanosecond regime are being considered. Therefore,mechanical cameras are 
excluded from considerations as are devices using phosphors or fluors as x-ray 
converters. However, it should be noted that ongoing work in developing fluor 
compositions to provide very short time response is encouraging and that their 
use with devices analagous to those to be described below may provide viable 
alternatives for fast time resolution x-ray detection systems. 

Fast x-ray photodiodes have been developed and applied to laser-plasma 
experiments . These devices provide a time resolution in the roughly 50-100 
psec regime and by employing an elaborate electronic sampling scheme to obtain 
the data signal. The main disadvantage of the technique, other than the time 
resolution limitation, is the lack of spatial resolution capability short of 
using an array of such devices. 

A measurement technique applicable in the ultraviolet through near infrared 
regions of tne spectrum with picosecond time resolution has been developed to a 
high degree of capability in recent years. This technique is based on the so-called 
ultrafast streak camera the basic element of which is a suitably operated image 
converter tube. Basic work on research and development of these devices has been 
carried out by groups in the United Kingdom, the U.S.S.R , in Canada and in the 

fi 7 8 
U.S. . In 1974 McConaghy and Coleman described the development and use of an 

ultrafast streak camera for x-ray diagnostics. 
Figure 3 lists the attributes of an x-ray streak camera. It is the only 

presently demonstrated technique that simultaneously provides all these capabilities 
in addition to being linear. Figure 4 schematically depicts the concept of the 
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ultrafast x-ray streak camera. A time varying x-ray signal is incident from the 
left and impinges on the thin (slit-shaped) Au photocathode supported on a thin 
Be vacuum window. Photoelectrons emitted from the back-side of the cathode are 
accelerated by a high electric field provided by the grid electrode indicated in 
the detail inset. They are then focussed, accelerated through the anode aperture 
and pass between a pair of deflecting plates and impinge onto a phosphor screen. 
The high electric field at the photocathode produced by the accelerating grid is 
necessary to provide high time resolution capability by reducing the transit time 
dispersion as the electrons travel the length of the tube. An appropriately timed 
fast voltage pulse applied to the deflection plates during the electron transit 
sweeps the beam across the phosphor and transforms the temporal intensity infor
mation in the input signal, as carried by the photoelectron current, into a 
phosphor brightness versus position image. In order to avoid affects which would 
be deleterious to the resolution capability of the tube, and hence the time resolution, 
the image converter tube is operated at low current levels and the image at the 
output phosphor is weak. An image intensifier is used to amplify the output signals 
to levels photographable with conventional films. Figure 5 shows plots of computer 
calculations of equipotentials and electron trajectories in the cathode-anode 
section of the x-ray image converter tube. The spacing and aperture size in the 
grid were designed to provide a uniform field at the photocathode slit. 

The sweep voltage applied to the deflection plates is generated with a circuit 
6 9 proven in the operation of optical ultrafast streak cameras . Figure 6 is a 

schematic of the optically or electrically triggered avalanche transistor circuit 
that provides sweep rates up to 30 psec/mm. 
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Figure 7 shows data published by Mori and Watanabe for electron yields 
obtained from Au and Al as a function of foil thickness for two different incident 
x-ray energies. In order to minimize time dispersion effects of electron emission 
it is necessary to use as thin a foil as possible consistent with maintaining yield. 
The slit-shaped 125 urn x 1 cm cathodes used in the LLL x-ray streak tubes are 100A 
thick Au. They are supported on an 8 urn thick Be substrate which serves as the 
vacuum window in the tube. The Be sets the low energy cut off in the 600-800 eV 
range whereas the decrease in the electron yield from the Au limits the high energy 
response to roughly the 10-20 keV range. 

Figure 8 is a photograph of one of the LLL x-ray sensitive streak tubes. The 
tube is a modified version of a commerically available iamge converter streak tube, 
the RCA C73435.* A feature of the tube shown here is the demountable cathode section 
which allows ready replacement of the cathode assembly in event of vacuum window 
failure or need to change cathode characteristics for varying applications. Figure 9 
is a photograph looking into the 125 pm x 1 cm cathode slit of the tube. 

The time resolution capability of an image converter streak camera is determined 
by the transit time dispersion of the photoelectrons traveling the length of the tube 
and by effects that limit the spatial resolution capability of the tube, the so-called 
"technical resolution". The upper equation in Figure 10 is the usual one used to 
calculate the transit time dispersion in streak cameras operating in the "optical" 
regime, i.e..photoelectron energy is very small compared to accelerating potentials 
in the tube. In the x-ray case there is the possibility that the approximations 
invoked to obtain the optical approximation may nc longer be true in general. The 

•Reference to a company or product name does not imply approval tr recommendation 
of the product by the University of California or the U.S. Energy research and 
Development Administration to the exclusion of others thay may be suitable. 
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second equation the "x-ray" case, in Figure 10, is the result obtained for a 
simplified image tube containing a high-field and a low-field region. The actual 
image tubes used also contain a field free drift reqion, which when included, makes 
the analytical result considerably more cumbersome and is omitted for simplicity. 
The curves in Figure 11 are the results from the complete analysis for parameters 
characteristic of the tubes used in the LLL cameras. The systems operate with a 
cathode-grid voltage of 2.6 kV. Recent measurements of the electron spectrum 
emitted from the cathode assembly using 1.5 keV x-rays indicate a mean emission 
energy of £4 eV and a FWHM energy spread of about 8 eV. From the curves of Figure 
11, a transit time dispersion of 2:12 psec is obtained. Figure 12 summarizes the 
time resolution of the x-ray streak camera system. The sweep rate has been 
measured to be 40 psec/inm and the overall spatial resolution limit is about 0.15 mm 
for a technical resolution limit of 6 psec. These contributions combine to predict 
an overall system time resolution of 15 psec. 

Figures 13-18 summarize some word with ultrafast x-ray streak cameras in progress 
elsewhere. Figure 13 is a schematic of the photocathode assembly of an ultrafast 

1° x-ray streak tube developed at the Lebedev Institute . An interesting and useful 
feature of this design, which uses a thin Au cathode in transmission, is the use 
of mica windows. An upti-ally sensitive photocathde is added to the Au x-ray 
cathode and the optically transmissive mica windows allow alignment and checking of the 
system to be conveniently conducted with optical wavelengths. Figure 14 is a photo
graph of the UMI-93X x-ray streak tube which shows the photocathode region and the 
practice of including the image intensifier sections in the same tube envelope with 
the image converter streak section. 

Fiugre 14 is a schematic diagram of the Photochron ultrafast streak tube developed 
by Prof. D. J. Bradley and his co-workers in the United Kingdom . Like the Soviet 
tube this uses a grid mesh electrode in close proximity to the photocathode to provide 
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a high accelerating field and high time resolution. This tube has been modified 
13 for x-ray applications by using a gold photocathode in the reflection mode as 

shown in Figure 16, where a pinhole is used to provide oblique imaging and provide 
the "slit" for streak operation. The use of the reflection mode cathode can 
provide higher cathode efficiencies for low flux applications, and provides flexibility 
for windowless operation for low energy x-ray and VUV applications. The Photochron 
tube is, of course, readily adaptable for use with a transmission cathode. Figure 
17 is a photograph of the Photochron x-ray tube in the reflection cathode con
figuration. 

Figure 18 is a schematic of a new concept of a proximity focussed ultrafast 
streak tube under test and development at the Los Alamos Scientific Laboratory. 
The tube relies on small distances to maintain image definition without, the use of 
electric or magnetic focussing fields. A very high accelerating field is applied 
between the photocathode and the input face of the microchannel plate. The micro-
channel plate is passive, i.e., provides no electron multiplication, but serves as 
a collimator to limit the transmitted transverse velocity of the electrons to maintain 

15 
resolution . A prototype tube with an Au cathode has been constructed and is 
currently under test and evaluation at Los Alamos. It holds promise as a significant 
development in streak tube technology. 

Moving on to some applications and examples of x-ray data with high time 
resolution, Figure 19 is a photograph of a laser target chamber with an x-ray streak 
camera mounted to the upper left. Earlier in discussing the time resolution a value 
for the streak speed was used. The value was measured with the technique shown 
schematically in Figure 20. A pulse from Nd laser system was divided and one part 
delayed in time relative to the other by a known amount. The two pulses were then 
focussed onto adjacent but non-overlapping spots on an iron tarqet. The two x-ray 
emission pulses were recorded with the streak camera and from the known time separation 
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and the measured separation of the signals on the streak record, the streak rate was 
determined to be 40 psec/mm. Figure 21 shows microdensitometer traces of some 
x-ray straak data obtained with this double pulse technique for two different length 
pulses from the laser. In addition to providing streak speed data, a narrowing of the 
temporal emission profile is evident in comparing the results with the 150 psec pulses 
to the 30 psec pulse data. This narrowing is qualitatively in agreement with the streak 
camera resolution discussed earlier. Figure 22 is an example of some actual streak 
data, obtained with 150 psec laser pultss, with the two-pulse technique. This 
data was taken with some crude spectral filtering as indicated in the figure. The 
two narrow slit-like images apparent near the center of the streak photographs are 
artifacts produced by unconverted x-rays shining through the photocathode and 
exciting the phosphor screen directly. With the RCA C73435 tube geometry, this 
effect can be eliminated by changing the angle of the tube slightly so that the 
transmitted x-rays are shielded from the phosphor by the anode assembly. Figure 

12 
23 is data published by the Soviet group using 10 psec laser pulses and demonstrates 
resolution of x-ray pulses separated in time by 66 psec. 

The ultrafast x-ray streak camera has been applied to time resolved spectral 
studies on laser imploded target experiments at Livermore. Figure 24 is a simplified 
schematic of the streak camera. For spectral resolution an array of K-edge filters 
is placed along the long dimension of the photocathode slit so that the temporal 
history in an array of "energy bins" will be displayed in the streak data. Figure 
25 displays the K-edge filter array used in these experiments. The K-edge energies 
for each filter material are shown in the figure. Figure 26 is an x-ray streak 
camera record of the x-ray emission from a 80 |jm diameter DT filled hollow glass sphere 
target irradiated from opposite sides at the Livermore JANUS laser facility. The 
various filter channels and corresponding energies are indicated at the left of the 
streak data. Time progresses from left to right in the data and a temporal scale 
is indicated. Although this reproduction appears very dark actually only the lowest 



-8-

energy channel is saturated on the film. This particular set of data is of 
interest because the experiment was a very successful one, producing 4.6 x 10 
neutrons, and, exhibiting other evidence of synmetric and moderately stronc compression. 
Figure 27 is the time integrated 2.5 keV channel x-ray microscope data obtained on 
this shot with the original target geometry overlaid. The evidence of compression and 
the spatial distribution of the x-ray emission is evident. Figure 28 is a simplified 
isodensity trace of the streak data in Figure 26. The numbers on the contours refer 
to actual film density. The CI channel consisted of two channels of different 
thicknesses; the thin CI filter channel, closest to the Al channel, is saturated 
above a density of 4, but the thicker CI channel just below the Ti channel is not 
saturated. Figure 29 is the spectral response of \.he CI channel on the x-ray streak 
camera. This was obtained by convolving the emission spectrum (see Figure 2), the 
response function of the Au cathode and the transmission properties of the CI filter. 
The channel is centered at 2.6 keV has a characteristic width of 300 eV, and cor.pares 
well with the 2.5 keV x-ray microscope channel. Figure 30 shows relative intensity vs. 
time for the CI and Ti channels derived from the data of Figure 26 by correcting 
for the measured film response. The prominent features are a sharp onset of the 
x-ray emission followed by an enhanced emission peak beginning at 160 r>sec after 
the onset of x-ray emission. The observed rise time of these signals is consistent 
with the resolution limit of 15 psec for the x-ray screak camera. The enhanced 
x-ray emission peak is strongly suggestive of the target compression and heating 
shown in the x-ray microscope data. Calculations of the irradiation and implosion 
of an 80 urn diameter target performed at LLL with the LAStlEX code show a temporal 
x-ray emission profile in good agreement with this experimental data. The time 
delay from the turn-on of the x-ray signal to the turn-on of the enhanced emission 
peak, which is identified in the code with the target compression, heating and 
neutron production, is in good agreement. Additional information relating to 
the x-ray streak camera performance is available from this data. By 
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integrating the streak data in time, ratios of the total x-ray emission in the 
various spectral ranges have been obtained and compared to the values directly measured 
by time integrated spectroscopy performed on every shot. The excellent agreement 
validates the data used in scaling from film density to x-ray intensity profiles 
in the time resolved streak data. 

Although results of the type described above are important and represent a 
significant advance in our diagnostic capability it must he pointed out that the 
intrepretation of these results carries some ambiquity. X-ray streak camera data have 
been obtained which show significant temporal structure but do not necessarily 
correlate to strong syraietric compression. For this reason it is clearly necessary 
to be able to provide spatial as well as temporal resolution so that the geometric 
sources of the emission can be identified. Figure 31 is a schematic diagram of a 
time-resolved x-ray pinhole camera system presently being implemented at ILL . A 
50-tii)ies magnified image of the User target is centered on the slit of the x-ray 
streak camera. The spectral range is selected by the use of an appropriate filter 
and the time-resolved emission with one-dimension of spatial resolution can be 
observed, so that, for example, the target implosion history can be measured. 

Figure 22 summarizes some parameters of the system. The resolution at the 
target is about 10 ..-: using a 7 yn pinhole. Calculations indicate that the signal 
strength reduction with the pinhole system will be about 10 which is within the 
dynamic range of the film with present source strengths and the applications will 
b'_- on more energetic Vser systems with higher source strengths expected. The 
alignment of such a system '-, a critical factor and is a di'.'icult task. Figure 
33 represents the alignment b̂ .ieme that has been developed. The criteria is to 
be able to image the diameter of a target onto the slit to a minimum accuracy of 
one-quarter of the target radius.: The resolution nf the optical system shown is 
sufficient to insure this accuracy for target diameters down to about 40 urn. The 
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difficulty arises in that a small (£5-10 pm) pinhole it necessary to obtain 
the required x-ray imaging resolution but such a small pinhole produces un-
acceptably large diffraction for the optical alignment. Figure 34 shows the 
detail of a composite pinhole assembly that has been built to satisfy both re
quirements . The pinhole is mounted on the end of a hyperdermic needle shown in 
the upper left. A 10-12 um layer of gold with a 125 urn diameter pinhole is placed 
on the end of the needle. An approximately 10 urn thick piece of. tungsten glass 
(75 molar % WO,) is placed over the gold and a 5-10 w pinhole is laser-drilled 
in the glass. The glass is opaque to the x-rays but transparent to the /isible 
alignment light so the effective x-ray pinhole diameter is 5-10 um and the optical 
pinhole diameter is 125 urn. The remaining sections of figure 34 show detail of 
the pinhole assembly. The photograph on the lower right is a scanning electron 
microscope picture of a laser drilled pinhole in the W-glass. The photoqraoh on 
the lower left shows that small pinhole centered in the larger hole in the gold. 
Figure 35 is a photograph of the assembled x-ray streak camera-pinhole system. 
The pinhole is located at the right side of the picture at the end of the tapered 
quill and the laser used for optical alignment can be seen next to the streak 
camera body. 

Although picosecond scale one-dimensional time resolved x-ray imaging provides 
essential new diagnostic capability, complete time resolved imaging, i.e., an ultra-
fast "framing camera", will be required for studying the plasma processes in even more 
detail. In addition to pinhole cameras, x-ray microscopes of the type shown 
schematically in Figure 36, are being developed to provide high-resolution x-ray 
imaging capability. It will be important to be able to take advantage of this 
capability in a time-resolved as well as time-integrated mode. The concept of the 
ultrafast framing camera under development at Livermore is shown in Figure 37. The 
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technique draws on image dissector technology and techniques developed and 
applied in ultrafast streak cameras. The tirae varying image is incident from the 
left onto the photocathode. The resulting electron image is accelerated, focussed, 
and swept at high speed across a dissector plate. A variety of designs are possible for 
this plate; the one shown contains a series of parallel slits. The electron signal 
emerging from each slit is now effectively like the signal from the cathode of a 
streak camera. The following section of the tube simply focusses and unfolds the 
signal to present the reconstructed images displaced spatially as a function of 
time. In this design there is a monotonic time shift through each image the 
magnitude of v;hich will be determined by the image size, deflection speed, and 
dissector aperture size. Synchronized voltage signals for the deflector and 
restores electrodes will be provided by circuits developed for and proven in 
streak camera operation (Figure 6). A demountable prototype of this tube has 
been built and operated at ILL in a step-wise mode in which successful dissection 
and reconstruction of the image has been demonstrated. Operating speed of this tube 
is limited by low electron current levels because of photocathode sensitivity. A 
second prototype tube with a high sensitivity optical photocathode is under construction 
for high frequency testing. The device will use an image ir.tensifier as the output 
stage as in the streak camera case. Subnanosecond framing resolution should be 
readily accessible with continuing refinements leading to higher temporal resolution. 

The development and application of new techniques for picosecond scale resolution 
x-ray measurements has been reviewed. Operating parameters, examples of results, 
and discussion of current work have been presented. The concept of the extension 
of the techniques to ultrafast two-dimensional framing capability has been introduced. 
These techniques have begun to provide important new data in laser fusion experiments 
and will become increasingly more'important, widely used diagnostics tools. 
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FIGURE CAPTIONS 

1. Photograph of 72 urn diameter hollow glass sphere. Background particles 
are %7 um red blood cells. 

2. Time integrated x-ray spectrum from laer irradiated fusion target. 

3. Attributes of x-ray streak camera. 

4. Schematic diagram of LLL ultrafast x-ray streak camera. 

5. Computer plot of equipotentials and electron trajectoi ies in x-ray streak 
tube. 

6. Schematic diagram of avalanche transister sweep circuit used to operate 
ultrafast streak camera. 

7. X-ray induced photoelectron yields from Au and Al films. 

8. Photograph of streak tube modified for x-ray sensitivity. 

9. Photocathode slit of x-ray streak tube. 

10. Calculations of electron transit time dispersion in image tube. 

11. Electron transit time dispersion curves for image tube. 

12. X-ray streak camera resolution. 

13. Schematic of photocathode assembly of UMI-93X image converter streak tube. 

14. Photograph of UMI-93X image converter streak tube. 

15. Schematic of Photochron I image converter streak tube. 



16. Schematic of experimental arrangement using Photochron I tube modified 
for x-ray operation. 

17. Photograph of x-ray sensitive Photochron 1 streak tube. 

18. Schematic of proximity focussed streak tube under development at Los 
Alamos Scientific Laboratory. 

19. Photograph of x-ray streak camera on laser target chamber. X-ray streak camera 
is attached to upper left of chamber. Laser beam is incident onto target from 
upper right. 

20. Schematic of double pulse irradiation scheme. 

21. Densitometer traces of double pulse x-ray streak camera data for two 
different length laser pulses. 

22. Double pulse x-ray streak data, 500 psec time separation. 

23. Double pulse x-ray streak data taken at Lebedev Institute with a time 
separation of 66 psec. 

24. Simplified x-ray streak camera schematic. 

25. Schematic of x-edge filter array superimposed on x-ray streak camera slit. 

26. Time resolved x-ray spectral emission from laser fusion target. 

27. Time integrated x-ray microscope of irradiated laser fusion target with 
original target geometry superimposed. 



28. Isodensitometer trace of time resolved x-ray spectral emission. Number 
on curves are film density. 

29. Response function of x-ray streak camera with CI filter for spectrum of 
Figure 2. 

30. Intensity vs. time data in two spectral regions from laser-fusion target. 

31. Schematic diagram of time resolved x-ray pinhole photography. 

32. Data for time resolved x-ray pinhole camera. 

33. Alignment schematic for time resolved x-ray pinhole camera. 

34. Photographs of composite pinhole assembly. 7 vim diameter hole in tungsten 
glass centered on 125 va diameter hole in gold foil. 

35. Photograph of time resolved pinhole camera. 

36. Schematic diagram of Wolter Type 1 x-ray microscope. 

37. Schematic diagram of ultrafast framing camera concept. 
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X-RAY STREAK CAMERA 

o High time resolution 
o Continuous recording 
o "Long" recording time 
c Sensitive 
© One dimension of spatial resolution 

Spectral dispersion 
Spatial imaging 



X-RAY STREAK CAMERA L3 

X-ray photocathode 
125 ̂ m X 1 cm slit 

Scope camera f l .4 

Gold x-ray photocathc 
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ELECTRON TRANSIT TIME DISPERSION L3 

'Optical" approximation 

AT = £ A V 
(• 
A T = K V ^ 

c 

#X-ray" case 

AT = ± + /=Z 
e E c V^ + ECD \2{e + EcD) Ec 

Ae 

For A e < E D, e 
C ' 
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IMAGE TUBE TRANSIT TIME DISPERSION L3 

•Ol -B 

10 _ 1 1 101 

Cathode-grid voltage (keV) 
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X-RAY STREAK CAMERA RESOLUTION 

Technical resolution: ry = RD 

D = spatial resolution = 0.15 mm 
R = sweep rate = 40 psec/mm 

r 1 = 6 psec 

Transit time dispersion: 

r 2 — 12 psec 

r = -^JT* + T* — 15 psec 
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Photocathode assembly of x-ray image converter tube: 
1 - 5M mica substrates: 2 - A u x-ray photocathode lOQS 
thick: 3 - visible light sensitive photocathode: 
4 - accelerating electrode. 

REF: Yu. S. Kasyanov, Et Al . Proc. U th In t . Cong. On High Speed Photography, Sept., 1974. 
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•f} f Preliminary parameter measurements of the X-ray camera were i * 
carried out using the same laser system vacuum chamber geometry. The \l 
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Fig.5 UMI-93X ICT general view 
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The study of mode locked lasers. 
Picosecond analysis of the development of laser driven plasma shock fronts, for fusion research 
and process control. 
Studies of ultra short radiation events such as scattering and fluorescence decay processes. 
Time resolved spectroscopy of weakly luminous source:; on a picosecond timescale. 
Photochemical kinetics studies. 

/,/,' f 1) D.J.BRADLEY. Provisional Ph'ent spec. 31167/70 1970 
2) D.J. BRADLEY. B. LIDDY & Vv'.E. SLEAT. "Direct measurement ultra short light pulses 

with a picosocond streak camera." Optics Communicnvons. 2 (1971) 391. 
" ~ • " - - ~ - • - • * • - • - * / - . . . ~ f - w r - * v v r t : i Aft n^?\n ic m C I Q D C T T f, 



• • a " * K u > d c > with a picosecond streak camora." Optics Communicnrons. 2 (1971) 391, 
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Sample pulse 
from Q-switchsd 

Oscillator 

Photodiode 

Vacuum Chamber 

Focussing 
Lens 

Trigger Pulse 

Inter.sifier 
Camera 

Laser 
Pulst 

A 
1 CV 

5nse 

w 

Gold Photocathode 

Mesh 

Streaking Image Tube 

Streak camera and experimental arrangement 

£? /& 
REF: P. R. Bird, Et. Al. Proc. 11th Int. Cong. On High Spped Photography, Sept. 1974. 
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JLIJKI,, r.iotograpny, sept. 1974. 
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Bird, Bradley, Roddie, Sibbett, Key, Lamb, Lewis 
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Fig. 1 Photograph of X-ray image tube 
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Schematic of proximity-focused streak tube. The photocathode geometry shown is for the visible application. 

REF: A. J . Lieber, et a l . Nucl. Inst, and Methods, 127, 1975, p. 91 
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DOUBLE PULSE X-RADIATION 

Focusing lens 

V 
Vacuum 

. /chamber 

Fe slab 
target 

x rays 

\ 
x ray streak 
camera system 

I— 30 psec—| 

150 psec optical pulses 30 psec optical pulses 
250 mj per pulse 130 mj per pulse 
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DOUBLE PULSE X-RAY STREAK 

150 nm Be 
25 jurn Bs 
No filter 

25 jurn Al 

/ - / 

500 psec 

Fe target 
Ud laser 
0.4 JGisias/pulse 
150 pssc pulses 

1 
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a) 

F i g . 5 

b) 
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66 psec 6 6 p s e c 

(a) Streak photograph of x-ray emission produced by two 
laser pulses 66 psec apart. 

(b) Densitometer trace. 
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Uj T iME RESOLVED X-RAY SPECTROSCOPY 

^ 

Laser 
irradiated 

target 
X* 

X-ray streak tube 

X-rays from 
target 

X-ray 
emission Optical 

trigger 

Camera 
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1*3 FILTER PACK FOR X-RAY STREAK CAMERA 

Slit of x-ray 
streak camera-

Al 
(1.6 keV) 

CI 
(2.8 keV) 

Ti 
(5.0 keV) 

Co 
(7.7 keV) 

Zn 
(9.7 keV) 

Yt 
(17 keV) 

; i 
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H TIME RESOLVED X-RAY SPECTRAL EMISSION 

K-edg3 filters: 

Zn (9.7 keV) 

Co (7.7 keV) 

Tj (5.0 keV) 

CI (2.8 keV) 

Al (1.6 keV) , 

B-34, J-2 
6/4/75 

' 2C M>.., "SC 
4.3 Y —JU ' u :• • ^ r r r % 
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[3 CHLORINE K-EDGE FILTER: 
(Folded with Detector Response and Emission Spectrum) 
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1.0 
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1.0 

2.8 keV edge 

50% energy content 
above 2.6 keV 

2.0 3.0 
Photon energy (keV) 
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13 ' TIME RESOLVED X-RAY SPECTRUM 
10° 

200 400 
Time (picoseconds) 

600 
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H3 TII\/lE RESOLVED X-RAY PINHOLE PHOTOGRAPHY 

Laser 
irradiated 

target 

X-ray streak tube • 

-Dichroic 
pinhole 

X-rays from 
target 

Filter 

50X pinhole camera 

Camera 

Optical 
trigger 
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E RESOLVED X-RAY PINHOLE CAMERA 

Temporal resolution: 17 psec < A E F W H M = 8 e V ^ 

Spatial resolution at target: 10 /urn (Magnification: 50X 
Pinhole diam : 7 jum) 

X-ray flux with imaging ~ 1 
X-ray flux without imaging 100 

(Source diam : 50 /t/m) 
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L° ALIGNMENT SCHEME FOR SPACE-TIME X-RAY EMISSION STUDIES 

Target 

viewer 

Mirror 

Spatial filter 

.i^|0--[He[Nejaser 

•sbsjX-- Focusina I Focusing lens 

y _ " " " $ Streak camera 

Vacuum 
chamber 

100/im—H f— 
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113 COMPOSITE X-RAY PINHOLE CAMERA 
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13 WOLTER TYPE I X-RAY MICROSCOPE SCHEMATIC 

( & 

Hyperboloid 

*/"*--Virtual K ^ H L<t- Aperture 
image / \ i stop 

F1H ~" 
F1E 

Object 
(laser fusion target) 

Film plane 
X-ray filter-

F2E 
)-F 

r/ 
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£° ULTRAFAST FRAMING CAMERA 

Framed, restored images 

Electron image 

Lens 

Dissected electron images 

Lens 

Image 

\ 
Dissector plate 

^^f^K Phosphor 
^ Restorer screen 

deflectors 

Time 
varying 
input Dissector deflectors 

Photocathode 
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