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ABSTRACT

The construction and use of an X-ray pinhole camera with a
nanosecond shutter is described. Photographs of X-ray emission
from plasma generated by a COo laser (at incident intensities
of = 1013 wem=2) were recorded with time and space resolution
of 6 ns and ~ 20 um respectively, and the structure of localised
X-ray emission regions was measured. These observations are

related to contemporary theories of non-linear laser-plasma
interactions.
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1. INTRODUCTION

Previous workers have normally made time-resolved measurements of
X-ray emission from laser-plasmas by streak photography [1]. A method
of recording X-ray framing photographs with a temporal resolution of
6 ns is described in this paper. Plasma was generated at the surface of
a (semi-infinite) carbon target by a 75 J 50 ns (FWHM) multimode co,,
laser focused by a meniscus f/4 KC1 lens to intensities of up to 1013
Wcm-2 [cf 2,3]. A pinhole camera was used to photograph the resulting
X-ray emission in directions parallel and perpendicular to the plasma
expansion. The camera design is similar to that outlined in [4] but

the space and time resolution have been improved by an order of magni-

tude, (see also [5]).
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2. X-RAY CAMERA

The X-ray pinhole camera is shown schematically in Fig.l. X-rays
are imaged by the pinhole (A) in a waveband selected by the aluminium
foil (B) on to the surface of a Mullard G25-25 channel multiplier array
(C). X-rays incident on the input face create photoelectrons, which are
accelerated and multiplied through the array by a potential VA of ~ 1 kV.
Electrons emerging from the exit face have energies of only a few tens of
electron volts, and so these are collected by a second potential VC ~ 6 kV
applied between the exit face of the array and a 25 um thick layer of NE
102 scintillator (D) having a decay constant of 2.4 ns. The scintillator
is deposited by centrifugal evaporation of a 20% solution of xylene on to
the substrate E, and is coated with 250 R of Al to make an electrical con-
tact. The electrons pass through the aluminium and are converted by the
NE 102 to a ) ~ 4500°A image, which is transmitted to a photographic film
by the fibre-optic plate (E). Kodirex X-ray film was used because it is
fast (ASA 1000) and has a linear response at optical densities up to 2.0.
Good electrical contact to the faces of the array, and a vacuum better
than 2 x 10—4 torr are necessary to prevent tracking; PIFE insulation
was used throughout the design because of its high surface resistance and

low outgassing properties.

Time resolution was achieved by gating the 1 kV acceleration voltage,
V,, across the array. VA was derived from a spark gap, triggered by the
main laser pulse. It was possible to vary both the duration of the gating
pulse and the time it was applied, relative to the arrival of the main
laser pulse at the target. The rise time of VA’ determined by the elec-
trical characteristics of the channel plate, was measured to be 2 ns.
The spatial resolution was calculated from the camera-target separation
(system magnification ~ 2), the pinhole diameter (typically <12 pm), and

the 25 ym diameter of the individual channels in the array (C) to be

20 pm.

3. RESULTS AND DISCUSSION

Figs.2 and 3 were all obtained with a gating time of 6 ns and a
spatial resolution of ~ 20 um. Fig.2 shows a sequence of photographs taken
on successive shots with (reproducible) peak laser intensities of lOlBWcm-z:
(a) 12 ns before, (b) 8 ns before, (c) at, (d) 4 ns after and (e) 8 ns

after peak laser power. For these pictures the camera axis was normal to



the laser beam and approximately perpendicular to the plasma expansion
direction, which could be adjusted by varying the position of the focal
spot on the target - as shown schematically in Fig.3(a). Fig.3(b)
illustrates a microdensitometer scan taken across the negative reproduced
in Fig.2(b). Localised X-ray emission (having characteristic dimensions
of 40 - 100 pm) is particularly noticeable in Figs.2(b) and (¢), which
were taken when the laser pulse was most intense. In contrast, Figs.2(d)
and 2(e) show more uniform emission during the lower-intensity tail of
the laser pulse. Similar X-ray pictures to Figs.2(b) and 2(c) taken
almost parallel to the plasma expansion direction reveal structure of
typically 40 pm. Note that emission is observed outside the (in vacuo)
focal zone of the laser, due to the high thermal conductivity of the
resulting plasma [6].

These results should be compared with previous time-integrated X-ray

pinhole camera observatlons using identical target conditions [2 6, 7]
without time resolution)

the emission appeared/to *be localised in filaments of ~ 100 ym diameter

extending several mm in length along the laser axis. Radial structure

having characteristic dimensions of 40-60 pm has also been observed by

the Livermore group [8], who made time-integrated measurements of the

emission from polythene and parylene foils irradiated at intensities of

~ 8 x 1013 m2 by a single-transverse-mode 1.5-3.0 ns (FWHM) CO, laser

pulse.

The improved time and space resolution of the present measurements,
which indicate transverse and longitudinal structure as small as 40 and
100 pm respectively, permits an accurate test of a recent theory of
the filamentation instability [9]. This theory treats the non-linear
interaction between an initially plane electromagnetic (em) wave, Stokes
and anti-Stokes em waves and a density perturbation. The scattered waves
grow to finite amplitude, and it is predicted that their maximum amplitude
is achieved in a length of only 35-70 pm under conditions appropriate to
the present experiment, in which the plasma density and temperature are
typically n_ ~ 210" en™ and Te ~ 1 keéV. There is thus good quantitative
agreement between theory [97 and the present time-resolved measurements.
(In a preliminary outline of this work [71, comparison was made with a

theory in which the scattered waves remain weak - so that filamentation
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lengths between 60 and 2000 ¢m were predicted for densities between

9 x 1018 and 1018 cm_z, respectively [8, 10]. It seems probable that

the longer filaments seen in previous time-integrated measurements [2,8]
represent the paths traced by (moving) points of emission reported here.
Filamentation diametérs are predicted to decrease with intensity [10],

and this is well illustrated in Fig.2, where spot diameters are smallest

at peak intensity. The spacing between spots, of order IOPLo ~ 100 um,
also appears to be qualitatively consistent with two-dimensional numerical
simulations of strong resonance absorption and (three-dimensional) critical
surface cratering [11,12]. Further work to improve the resolution of the
camera is in progress; the X-ray structure will then be investigated in

greater detail.
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Fig.2 X-ray framing photographs taken with 6ns exposure at time t with respect to the
peak laser intensity of ~ 10" Wem™. t=(a) —12, (b) —8, (c) 0, (d) +4, (&) +8ns.
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