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Inertial Confinement Fusion (ICF) experiments require sophisticated 

diagnostics with temporal resolution measured in tens of picoseconds and 

spatial resolutions measured in microns. The Los Alamos ICF Program is 

currently supporting a number of diagnostics on the Nova and Trident laser 

facilities, and is developing new diagnostics for use on the Omega laser 

facility. New systems and technologies are being developed for use on the 

National Ignition Facility, which is expected to be operational early in the 

next decade. 



I. LANL research 

The Los Alamos National Laboratory (LANL) inertial confinement 

fusion (ICF) program fl] conducts research relevant to achieving ignition on 

the proposed National Ignition Facility [2]. Areas of significant research 

include hohlraum drive symmetry [3], laser-plasma interactions [4], and 

implosion physics [5]. 

These experiments are performed at a number of facilities including 

the Nova laser facility at the Lawrence Livermore National Laboratory [6],  the 

Omega laser facility at the University of Rochester [7], and the Trident laser 

facility at Los Alamos National Laboratory [SI. 

In addition to performing experiments on these facilities, the LANL 

ICF program also develops the diagnostics which enable these experiments to 

be performed. In addition, new diagnostic techniques are being developed 

which will provide ability to perform new experiments and obtain data not 

previously possible to obtain. 

II .  Full aperture backscatter station with imaging 

The NIF indirect-drive ignition target design consists of a capsule 

placed in a gas-filled hohlraum. Because the gas must not condense at the 

cryogenic temperatures necessary for the formation of a solid DT layer on the 

inside of the capsule, the hohlraum gas will primarily be helium. To reduce 

SBS, a small amount of hydrogen will also be added to the gas [4]. 
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The presence of the gas potentially can lead to laser-plasma interactions 

which lead to instabilities which can adversely affect the performance of the 

target. These instabilities can cause laser light to be scattered back toward the 

source, reducing the absorbed energy in the hohlraum. The time-dependent 

nature of the backscatter can also modify the shape of the radiation drive, 

leading to changes in the timing of the shocks in an ignition capsule. 

A satisfactory predictive theory for laser-plasma interactions in gas-filled 

hohlraums does not exist at present [4]. In addition, it is believed that SRS and 

SBS occur in localized regions, rather than uniformly along the path of the 

beam. Localization of the backscatter regions by imaging the targets in 

backscattered light is therefore desirable. 

Previously on Nova, backscatter measurements 191 were limited to the 

amount, angular dependence, and angular distribution, and temporal 

dependence of the backscattered light. In addition, side scattered light could 

also be measured [lo]. Imaging of the backscattered light was not available, 

primarily due to the chromatic aberration introduced by the Nova final 

focusing lens and by the fact that most relevant LPI experiments make use of 

random phase plates (WPs) [ll] to smooth the laser beams. The RPPs prevent 

imaging as well. 

LANL has implemented a new backscatter station [12] on Nova which 

corrects for these aberrations and allows direct imaging of the backscattered 

light in the target plane (Fig. 1). Laser light at the frequency of the Nd:glass 

laser amplifiers (1.06 pm) is directed by 10 turning mirrors to the target 



chamber. The light is converted to 3o (h=353 nm) by KDP crystals and focused 

with a single-element lens onto the target. If beam smoothing is desired, a 

random phase plate (RPP) is placed between the lens and the target. Laser- 

plasma instabilities can cause a fraction of the light to be scattered back toward 

the lens. Stimulated Brillouin scattering (SBS) is the scattering off of an ion 

wave and results in backscatter very near the wavelength of the incident 

radiation. Stimulated Raman scattering (SRS), due to reflection off plasma 

waves, will have a broad spectrum with wavelengths up to twice that of the 

incident radiation. The lo turning mirror, which directs the unconverted lo 

laser light to the target chamber, transmits the backscattered light with a 

known spectral efficiency. The backscattered light passes through the turning 

mirror and is reflected off a multilayer mirror into a reflecting telescope 

which collects the light and redirects it to the FABSI optical table. The light is 

recollimated, and an image of the RPP is produced. At that location, an RPP 

compensator (RPPC) is introduced to remove the phase distortion introduced 

by the RPP. The light then is directed to a color corrector assembly, where the 

chromatic aberration of the Nova lens is removed. The image is then focused 

onto near- and far-field diagnostics for recording of the near-field (angular 

dependence of the backscatter) and far-field (image of backscatter in the target 

plane) data. 

Early experimental results (Fig. 2) have shown clear differences in the 

time evolution of SRS and SBS backscatter. This data is being analyzed to 

determine the implications for theories of laser plasma interactions. 
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I l l .  Indirect drive diagnostics for Omega 

The Omega laser was designed and built primarily to conduct 

experiments in direct-drive inertial confinement fusion. However, recent 

experiments have demonstrated its utility for indirect-drive research as well. 

In order to fully utilize Omega for these purposes, a suite of diagnostics 

necessary for indirect drive are being developed. 

Omega telescope 

X-ray drive in hohlraums can be characterized by measuring the 

velocity of a shock induced in a witness plate placed in the wall of the 

hohlraum [13]. The shock velocity is determined by observing the breakout 

time of the shock in a witness plate with a thickness that varies along its 

length, either continuously or in steps. The breakout of the shock is observed 

by imaging the optical emission from the plate onto a streak camera. The 

technique is referred to as streaked optical pyrometry (SOP). 

We are in the process of designing an optical telescope for Omega that 

will be suitable for use as a streaked optical pyrometer, as well as for other 

uses. The instrument would be placed in one of the diagnostic manipulators 

available on Omega, and the image would be relayed to a streak camera 

outside the vacuum vessel. An optical fiducial would supply the necessary 

reference €or determining the velocity of the recorded shock. 

This instrument is being designed to be useful for other types of 

experiment as well. Of particular interest is the measurement of equations of 
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state (EOS) at pressures in the megabar range [14]. The principle Hugoniot of 

shocked materials is often characterized by the shock velocity as a function of 

the particle velocity. Shock velocities can be measured in a similar manner to 

that mentioned above for shocks created either by direct irradiation of a 

sample or by indirect irradiation from a hohlraum. 

The effects of laser imprint on direct-drive ICF targets is a concern. 

Perturbations introduced at early time by laser beam structure will be unstable 

to Rayleigh-Taylor growth during the acceleration phase of an implosion. The 

resulting perturbation can feed through to the inner surface of the capsule, 

causing large amplitude growth at the inner surface of the cryogenic fuel at 

stagnation time leading to mixing of the fuel into the hot spot. If the initial 

perturbation is large enough, ignition can be prevented by the resulting mix 

of cold fuel into the hot spot. 

Experiments are planned to measure the effects of laser smoothing on 

directly-driven ablator material in planar geometry. The features of interest 

will be about 1-2 pm in length. In order to resolve the features of interest, the 

Omega optical telescope will allow replacement of optical components so that 

low f number components can be used, increasing the resolution for 

experiments that require this, while allowing other experiments to utilize 

optics at a greater distance from targets, sparing the optical components from 

an excess debris load. 

The optical telescope will also be able to function as a light collector for 

near-backscatter laser-plasma-interaction work. The light scattered from the 
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target could be analyzed with a spectrometer to determine the processes 

responsible for light scattering and, therefore, reduced coupling of energy to 

the target. 

The telescope will also be useful for developing burn history 

diagnostics. Current techniques, such as that used on the Nova laser [15] rely 

on measuring light from plastic scintillators placed close to the target excited 

by neutrons. On the proposed National Ignition Facility [2], debris mitigation 

concerns will force detectors farther from the target. Thermal broadening of 

the neutron energy distribution will result in the loss of burn history 

information under these conditions. An alternative is to use the 16.7 MeV 

gamma ray created in the D(T,Y)~H~ reaction, since the gamma rays experience 

no thermal broadening of their time-of-flight. When the gamma rays pass 

through a material, they can undergo pair-production, resulting in relativistic 

electron-positron pairs that can be detected, in suitable materials, by their 

Cerenkov light [16, 171. The Omega telescope will have the ability to be 

configured to test and develop similar techniques for eventual application to 

NIF. 

Soft x-ray spectrometers 

Soft x-ray power on Nova and Omega is measured using arrays of 

filtered x-ray diodes with grazing incidence metal mirrors [18]. The choice of 

filter, photocathode, mirror, and reflection angle can be made to select 

different ranges of x-ray energy. However, the resulting bands are fairly wide 
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and the data must undergo a deconvolution in order to obtain spectral 

information. Furthermore, each diode has a separate line-of-sight, so 

collimation to restrict the field of view is difficult. For experiments on Nova 

hohlraums, the lack of collimation leads to the need for shields on the ends 

of the hohlraum to eliminate flux from the laser entrance holes, and restrict 

the measurement to a diagnostic hole in the side of the hohlraum. These 

shields add complexity to the target and are a source of debris. 

An alternative to filtered-diode arrays is the transmission grating 

spectrometer [19, 201. In this scheme, x ray flux from a single line of site is 

dispersed using a grating and the spectrum is measured using an array of 

detectors. Each detector then is sensitive to a given x-ray energy (along with 

the higher orders of the grating). This leads to a simpler response function as 

compared to filtered diodes and allows a single line of sight to be used. With 

proper collimation, the field of view could be reduced to exclude the LEHs 

and only allow flux from the diagnostic hole, eliminating the need for large 

LEH shields. 

We are currently developing a transmission grating spectrometer so its 

applicability to NE experiments can be determined. A developmental device 

has been fabricated and used on Trident. The grating consists of free-standing 

bars of gold 100 nm wide with 100 nm gaps between them. The thickness of 

the grating is 300 run. Diamond detectors with interdigitated electrodes for 

fast time response [21] are being developed for use in spectrometers. The 
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combination of these detectors with transmission gratings is expected to result 

in compact and low-cost instruments. 

In collaboration with colleagues at the Russian Federal Nuclear Center- 

Institute of Experimental Physics (VNIIEF) at Sarov, we are examining the 

utility of multilayer-based soft x-ray spectrometers. VNIIEF has fabricated a 

spectrometer [22] intended for use on the Omega laser. Each channel of the 

spectrometer consists of a multilayer mirror, a bandpass filter, and an x-ray 

diode. The use of multilayer mirrors results in channels with narrow energy 

windows and, therefore, a direct measure of the x-ray flux at a given energy. 

This instrument has been used to measure the radiation temperature from 

small hohlraum experiments on the Trident laser [23]. 

Bang time detector 

Typical indirect-drive implosion experiments on Nova- or Omega-class 

lasers produce between lo7 and lo9 DD neutrons in a burst with a duration of 

about 100 ps near the time of maximum compression. The emission time of 

these neutrons ("bang tirne") provides a stringent test of the ability to model 

energy coupling and hydrodynamic response of ICF targets. 

Neutron emission time is measured on the Nova laser with a detector 

that consists of a cylindrical plastic scintillator, 46 mm in diameter by 15 mm 

thick, coupled directly to a microchannelplate photomultiplier tube (MCP- 

PMT) to which an optical fiducial signal is added [24]. The time response of 

the system is about 1200 ps full width at half maximum. The Neutron 

emission time can be measured to 100 ps accuracy with instruments which 
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have much worse time resolution by measuring the time between a given 

feature on the neutron signal (peak or 50% point on rise, for example) and a 

given feature on a fiducial pulse introduced into neutron detector. The 

detector can then be calibrated by detecting x-rays from a target illuminated 

with a short laser pulse. The high-energy x-rays are known to be nearly 

coincident with the laser pulse, and travel at a very-well known velocity. 

Delays in the system due to cable lengths can be calibrated in this manner 

provided the interaction of the x-rays in the detector is similar to that of 

neutrons. 

Characterizations on Nova have shown that this is not always the case. 

X-rays can pass through plastic scintillators and interact with 

microchannelplate (MCP) photomultiplier tubes directly, producing 

secondary electrons deep within the MCP [25]. Neutrons interact primary with 

the scintillator, producing light which is detected by the photocathode in front 

of the MCP. Thus, an extra time delay can be introduced, producing a 

systematic error in the calibration of the system. 

An improved version of this detector system is being constructed for 

indirect-drive experiments at Omega. The improved system will use optical 

components to couple light from the scintillator to a MCP-PMT. Photons that 

might otherwise pass through the scintillator and interact directly with the 

MCP will be blocked by thick, high-Z shields. Thus, only light created in the 

scintillator will produce a signal in the PMT allowing a better calibration of 

the system (Fig. 3). 
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IV. X-ray imaging 

Time-resolved x-ray imaging is used in most of the ICF experiments 

performed by LANL. Experiments include measurement of hohlraum drive 

symmetry by imaging the emission from the imploded core of ICF capsules 

[26] and by measuring the reemitted flux from a non-imploding bismuth 

sphere [27], and measuring the growth of hydrodynamic instabilities [SI. Gated 

pinhole cameras [28] are used for most of these experiments due to their 

robustness and relative ease of construction. Pinhole cameras have the 

disadvantage of very low photon collection, and limited resolution [29]. 

Gated monochromatic x-ray imager 

In order to provide experimenters at the Omega laser facility with 

better signal to noise and higher resolution than can be achieved with 

pinhole cameras, Los Alamos and the University of Rochester Laboratory for 

Laser Energetics have developed a gated monochromatic x ray imager 

(GMXI) [30]. This instrument consists of a Kirkpatrick-Baez x-ray microscope 

which produces four images, a Bragg crystal for creating a monochromatic 

image, rotation stages for tuning the crystal to a desired x-ray energy, and 

gating modules [31] to amplify and record the images on film. 

The four monochromatic images formed by the microscope and 

crystals are arranged in a square pattern with 53 mm sides at the image plane. 

Each image falls on its own 25 mm diameter MCP, which is proximity focused 

to a fiberoptic faceplate coated with P-11 phosphor. The MCPs have a 
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micropore length over diameter ratio of 40 (L/D=40) and fiberoptic faceplates 

with 6 pm diameter fibers. The phosphor screen is separated from the MCP 

by 500 pm and typically has a bias of 3 kV. Light from the P-11 phosphor is 

recorded by Kodak 2484 film loaded into a film cassette that is compressed 

against the fiberoptic faceplate with a film plunger. As shown in Figure 4, 

each module contains a pair of 25 mm MCPs, with centers separated by 53 

mm. Each MCP has an 8 ohm microstrip, 10.2 mm wide, which acts as the 

electrical conduit for the gating pulse and as the photocathode. The 

microstrip is constructed of 5000 A Cu overlaid by 1000 8, of Au and 50 8, of 

Chromium. The MCPs are fed by conical impedance matching transmission 

lines and microstrip ohmic tapers. These devices efficiently transfer the MCP 

gating voltage pulse from 50 ohms to 8 ohms and back out again to a pulse 

monitor and DC biasing circuit. To gate the x-rays, a short duration, high 

voltage pulse travels across the MCP stripline with a propagation velocity of 

0.5 c. Photo-electrons from the Au photocathode are amplified only during 

the pulse duration at a given point along the microstrip. The LANL built 

gating pulsers have an amplitude of 4 kV and an electrical width of 150 ps 

FWHM. These avalanche transistor based pulsers give an -80 ps optical gate 

with MCPs having an L/D ratio of 40. The optical gate width of this system 

was measured with an ultra-short pulsewidth W laser. 

Recent full system characterization tests at Omega have qualified both 

KB optic and gating modules for routine use. Spatial resolution at the target 

plane of 5 pm has been obtained. 
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NIF TRXI 

LANL is also designing the time resolved x-ray imager (TRXI) for the 

National Ignition Facility. This instrument will be largely based on x-ray 

framing cameras currently in use on Nova and Omega, [28, 321 but will 

incorporate new technology, such as vacuum-compatible charge couple 

devices to record images, rather than film. The camera will also have to 

endure a more severe environment, be neutron insensitive, and produce 

very little debris that might harm the NIF optics. 

The current conservative design calls for a pinhole camera with greatly 

reduced mass near the target. Carbon rods would be used to hold pinhole 

assemblies thus reducing the amount of mass near the target and subjected to 

irradiation by unconverted laser light. Thick collimators would be used to 

reduce hard x-ray flux that produces a background on the MCP. 

Other methods of imaging are also being examined for possible use on 

NE.  Fresnel zone plates are being examined to determine if they are suitable 

for use on NIF. Because of their inherent chromatic aberration, a zone plate 

imager would by necessity be operated in a monochromatic mode, using a 

Bragg crystal similar to the GMXI discussed earlier. The larger area of the zone 

plate, as compared to a pinhole, would allow better resolution and would 

allow the zone plate to be placed a larger distance from the target than is 

required for the pinhole. 

Curved crystal x-ray imaging is currently being examined at a number 

of laboratories 133,341. Most methods require the crystal to be on the opposite 
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side of the target from the imaging recording device. Methods are being 

examined to determine whether an instrument can be built that utilizes 

curved-crystal x-ray optics in a diagnostic manipulator-based configuration. 

This work was performed under the auspices of the U. S. Department 

of Energy by Los Alamos National Laboratory under contract No. W-7405- 

Eng-36. 
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Fig. 1: Schematic diagram of the full aperture backscatter station with imaging 

(FABSI) developed for Nova by LANL. 
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Fig. 2: Example of results obtained from the FABSI diagnostic showing a 

qualitative difference in the behavior of SBS and SRS from a gas-filled 

hohlraum. The hohlraum was filled with a mixture of 80% CF, and 

20% C,H,,. 
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Fig. 3: Bang time detector figure with hard x ray block. 
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Fig. 4: Microchannel plate module with filmpacks developed by Los Alamos 

for the LLE/LANL gated monochromatic x-ray imager. 
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