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Characterization of Nova Plasmas Using an X-ray Spectrometer with
Temporal and Spatial Resolution

C. A. Back, R. L. Kauffman, P. M. Bell, and J. D. Kilkenny

. Lawrence Livermore National Laboratory,
P. O. Box 808, Livermore, CA 94551

" Spectroscopic diagnostics have great potential to obtain high
temperature measurements of plasmas created in ICF targets.
The plasmas may be over I mm in size and therefore, one of
the first steps in making accurate spectroscopic measurements
has been to improve the resolution of the instrument. A
spectrograph is now available for Nova experiments which
takes advantage of gated technology by coupling a Bragg crystal
to a microchannel plate that can record data over a 250 ps time
frame. The crystal disperses the x-rays, while slits add the ability
to image the plasmas in the perpendicular direction. The
characteristics of this diagnostic, TSPEC, will be evaluated for
laser-produced plasmas. Recent data will be presented from
colliding plasmas and large-scale hohlraums which indicate
that imaging can greatly enhance the ability to diagnose these
plasmas.

I. Introduction

In the characterization of laser-produced plasmas, it has become
increasingly important to obtain spatially and temporally resolved
spectroscopic data. For example, studies of plasma flow, hydrodynamic
instabilities, and plasma inhomogenities benefit from spatial resolution,
while implosion symmetry and radiative transfer often require sub-
nanosecond temporal resolution to follow the target evolution.

The use a dispersion element, either a Bragg crystal or grating, introduces
an inevitable signal loss to produce a spectrum. A typical example is the
integrated reflectivity of a PET crystal for x-ray wavelengths less than 10 ,/_ is
on the order of 10 -4 mrad. To obtain either temporal or spatial resolution in
addition to spectral resolution, the intensity of the signal is further reduced.

" Therefore, in the study of laser-produced plasmas it is difficult to
simultaneously obtain both from mm-sized targets that may only emit light
on a nanosecond or less time scale.

Experiments have cleverly overcome aspects of this problem differently.
One solution has been to build more sophisticated targets. For instance, the
development of dot targets has enabled a spatial resolution of laser produced
plasmas 1 . Another example has been to use multi-layer targets in which a
thin tracer layer is used to produced emission or absorption spectra from

predetermined regions in the target. 2,3 A second solution has been in the
design of the experiment. A successful technique for temporal resolution in



absorption spectroscopy has been to produce a short burst of x-rays that are
used to backlight plasmas and obtain absorption at discrete times in a plasmas
evolution. 4 Finally, another approach is to add shields to the target and use
an x-ray streak camera. The shields restrict the spatial volume viewed by the
detector.

However, these techniques have limitations, and acquiring data by these
methods can be extremely inefficient especially if several laser shots are J
necessary to map out the plasma's evolution. Fortunately, technological
advances have produced gated instruments which allow spatial resolution in
the direction perpendicular to the spectral direction. The development of
gated technology is now used routinely to produce x-ray images of laser-
produced plasmas. The typical configuration consist of a microchannel
platethat is coated with photocathode material in 4 discrete strips. X-rays are
generated by the plasma are converted to photoelectrons in the microchannel
plate when a high voltage pulse activates the microchannel plate's strip. The
photoelectrons then excite a phosphor and the data is registered on optical
film. The interval of time that the strip is gated "on" is determined by the
pulse width and transit time. For the present instrument, a 100 ps FWHM
pulse produces a temporal window of approximately 250 ps. The gated
microchannel plates have been successfully used with pinholes to image
laser-produced plasmas and work to fully characterize them is on-going, s,8

In this paper, we describe a spectroscopic diagnostic called TSPEC which
has been designed and built to augment the spectroscopic diagnostics on
Nova. It couples a spectrometer to a gated module and thus, its primary
advantage over existing diagnostics is that it spectrally images x-ray emission
from laser-produced targets in 250 ps time frames.

This diagnostics has recently been built for Nova laser experiments that
have required the spatial and temporal dependence to characterize targets for
the inertial confinement fusion (ICF) program. Spectra from colliding plasma
experiments and large-scale length plasma experiments will be used to
demonstrate the benefit of using this type of instrument.

II. General design
The instrument is a Bragg crystal spectrometer that is coupled to a gated

microchannel plate x-ray framing camera (GXI). 5 For characterization of the
instrument, it can also be run with a film pack to obtain absolute x-ray data
from calibrated x-ray film. The main components of the instrument are a slit
plate, a filter holder, a Bragg crystal, and the microchannel plate. The crystal,
slits and beam block in an Al housing that mounts onto existing gated x-ray
imager modules. Figure 1 shows a schematic of the spectrometer nose cone
and the ray trace for a curved crystal.

The diagnostic was designed to be modular, meaning that there is a basic
body whose parts can be easily and reliably interchanged for different
wavelength regions and different magnifications. The flexibility is important
to minimize set-up time for the instruments between Nova shots. Its spectral



coverage ranges from 2 ,/_ to 10 ,/_, depending on the Bragg crystal, and
generally spans the K-sheU x-ray regime of elements having a Z of 11 to 24.

The instrument was designed to fit within the configuration of the six-
inch-manipulator (SIM) tubes on the Nova vacuum chamber. The present
design enables changing the filters, slits without taking the instrument out of
the SIM tube. This means that for low magnification shots, the diagnostic
does not have to be realigned. The following choices were made to
standardize the design: 1) the Bragg crystal is mounted on a fiat or curved

" piece that is then screwed onto a removable plate of the detector, and 2) the
body of the detector extends 55 mm below the center of the microchannel
plate, the maximum limit allowed by the SIM tube.

The crystal is mounted on a plastic mount to reduce fluorescence from
hard x-rays. It was chosen not to be moveable support to reduce the error in
setting angles and positions. Each mount, once machined, can be reliably
psoitioned for a given wavelength region.

The beam block eliminates direct x-rays from exciting the microchannel
plate (MCP). Furthermore, its position allows it to extend as far below the
centerline as possible to protect the MCP from target debris. In most
configuration, the microchannel plate can be fully protected from debris
emitted directly from the target.

The spatial resolution is provided by four slits, one for each gated strip on
the MCP. Slit sizes of 75, 250, and 300 _tm widths are presently available.
Magnification can be 2X, 3X, or 6X depending on the nosecone. Higher
magnifications, or smaller slits can be easily accomodated.

The spectral lines are dispersed along the length of the MCP strip, -40 mm.
The spatially resolving direction, when slits are used, is along the width of
the strip, 6 mm.

III. Operating Configurations
The current microchannel plate has four strips that can be independently

gated. The temporal resolution is limited to 250 ps for MCPs having Au
photocathodes. This limit is due to the time it takes for the gain pulse to
travel across the MCP and it is difficult to obtain better temporal resolution
for this configuration.

The dispersing element can be any one of the Bragg crystals. Presently, the
diagnostic can be configured for Pentaerythritol, (PET), Rubidium hydrogen
phthalate (RAP), or Potassium hydrogen phthalate (KAP). The following
table gives the characteristics. For most applications, the source size limits the

. spectral resolution and in table 1, the resolution is calculated for a sample i
" source size of 250 _tm.

Generally, the spectrometer is fielded with filters both before and after the
crystal. The first filter eliminates target debris, while the second filter reduces
possible fluorescence from the crystal and spectrometer housing.

The diagostic detector plane is centered on the SIM cart since it couples to
the GXI instruments. However, the crystal is off-center and can be located as
much as 54 mm from the central axis. The diagnostic, therefore, will



intercept x-rays that come from maximum angle of 11 degrees from the target.
It is aligned by using a telescope to sight a crosshair that is scribed into the
nose of the diagnostic.

To aid in the interpretation of the data, the TSPEC snout has been fitted
with a pinhole to enable x-ray pinhole images to be taken from the same
angle as the x-ray spectra. The magnification for this is 3, for the 6x nosecone.
The TSPEC has also been fitted with a film pack that can be inserted to obtain
time-integrated x-ray emission on x-ray film. This option allows cross-
calibration of the gated data with absolutely calibrated x-ray film. When used,
it blocks two of the four MCP strips in order to use the same Bragg crystal. A
preliminary comparison indicates that a density of roughly 1.7 Kodak direct
x-ray CX film produces an exposure of 0.05 ergs/cm 2 on a microchannel plate
biased at 748 V in DC.

VI. Experimental Data
Raw data must be corrected for detector response and converted to

wavelength. The density on film is corrected to an exposure in ergs/cm 2 by
the use of a calibration wedge that is added to each piece of data. Because the
high voltage pulse that gates the MCP degrades as it propagates along the
pulse, 1° the data analysis requires the fiat-fielding of the MCP response.

In fig. 2, a space-resolved image of a Ti/Cr microdot is shown. The
microdot was 250 _ in diameter and with the 6x magnification appears as
~ 1.5 mm at FWHM on the detector.

An example of an intensity trace that has been corrected for the GXI fiat-
field and filtering is shown in fig. 3. It was from a series of shots on exploding
foil targets that has been performed to test the performance of an isoelectronic
sequence line ratio measurement at 2 keV temperatures. Recently, the use of
mixed tracer elements to obtain distinct spectral signatures that evolve
similarly in the plasma have been used. This technique is promising because
the systematic uncertainties in atomic and hydrodynamic uncertainties in the
modeling tend cancel out. 11

Figure 4 shows the image of two laser focal spots on the inside of a
hohlraum target. In the strip timed at 1 ns after the pulse, the dopants in the
gas produce a Cl and Ar spectral lines. Each spectral line appears as an oval
because it is a monochromatic image of the end of the hohlraum target. At
1.5 ns, Au emission is superimposed on the Cl/Ar lines. These lines are
emitted where the beam focal spot illuminates the wall. Coupled with streak
camera data, these images help investigate beam propagation by allowing a
measurement of beam width and the integrity of focal spot after it propagates
through a gas-filled hohlraum target.

As a final example, we present data from a two-foil target that was used in
colliding plasma experiments in figure 5. In this target, a microdot of Si was
irradiated and the plasma expands into an partially A1 microdot 1 mm away.
After ~ 0.8 ns, the initially cool A1 plasma begins to produce He-like
emission, possibly due to a shock created by the Si plasma. After the end of
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the 1 ns square pulse the AI emission increases in intensity, while the Si
emission dies off.

These experimental results illustrate the power and flexibility of this
diagnostic. Analysis of the data in the experiments referred to here will be
discussed in upcoming papers.
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Figure Captions

Figure 1. Schematic of the spectrometer which is coupled to a gated
microcharmel plate SIM cart. X-rays are spectrally dispersed off a Bragg crystal
and imaged in the perpendicular direction.

Figure 2. Example of raw data from a TiCr microdot target is shown in (a).
The intensity in the spectral direction is shown in (b). Below the data, a
spectrum calculated by the kinetics code, FLY, is given to show the positions
of the spectral lines. The intensities are plotted on a log scale.

Figure 3. Emission of Ar, C1, and Au from a gas-filled hohlraum target.
The line of sight of the spectrometer is through the entrance hole where five
of Nova's ten beams enter the target. The beams hit the inside surface of the
hohlraum can and their positions are indicated.

Figure 4. Data from a colliding plasma target reveals late-time emission of
He-like and H-like AI. Before 800 ps, the AI lines are not visible, while at
later times even stronger emission of these lines is recorded.

,



Table 1. Spectrometer characteristics for different wavelength regimes.
The resolution is calculated for an source size of 250 _n.

_ystal Wavelengtih range curvature resolution

KAP '6.3- 10.0A 500 mm 4i'G730

" PET 1.7- 2.3 A .... 1000 mm 360-530

RAP 3.0 -'4.9 A ..... 1000 mm 180-310
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