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Abstract. Time resolved hard x-ray images (hv > 9 keV) and time integrated hard x-ray spectra (hv = 
18-150 keV) from vacuum hohlraums irradiated with four 351 nm wavelength NIF laser beams are 
presented as a function of hohlraum size and laser power and duration. The hard x-ray images and 
spectra provide insight into the time evolution of the hohlraum plasma filling and the production of 
hot electrons.  The fraction of laser energy detected as hot electrons (fhot) and a comparison to a filling 
model are presented. 

1. INTRODUCTION 

High-Z cavities or hohlraums are an essential part of the indirect drive approach to internal 
confinement fusion (ICF)[1].  These hohlraums convert intense laser light into soft x-rays that can 
symmetrically implode fuel capsules or can be used for a wide variety of other high energy density 
experiments.  The physics of laser absorption in the hohlraum must be understood to predict the 
hohlraum symmetry, the radiation temperatures achievable within the hohlraums and the efficiency of 
coupling the driver energy to the capsule.  Single-ended cylindrical hohlraums (“halfraum”) were used 
in this study, as illustrated with a computer generated image in Figure 1 a).  The first 4 NIF laser 
beams entered the halfraum along its axis, through a Laser Entrance Hole (LEH) (bottom), striking the 
back wall (top), rapidly heating the Au, producing laser ablated plasma and x-rays.  The x-rays in turn 
interact with and heat the unilluminated walls producing x-ray ablated plasma and reemitted x-rays.  
In contrast to laser-disk experiments[2], where the ablated plasma is free to expand, the hohlraum 
confines and accumulates the plasma[3].  As the plasma moves into the path of the incident laser beam 
and the hohlraum fills above ≈10% critical density (nc), hot electrons (> 10 keV) can be produced by 
laser plasma instabilities such as the stimulated Raman instability.  Quantifying the hot electron 
production is important for ignition experiments because the hot electrons can penetrate the fuel 
capsule, pre-heating the fuel and thereby making it harder to compress.  This paper describes 
measurements of plasma filling and hot electrons produced in laser heated cavities.  The scaling with 
hohlraum size and laser power and duration are presented.  The fraction of energy deposited in hot 
electrons, and the temperature of these electrons are shown in Figure 2.   
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Figure 1. a) Schematic of halfraum showing laser entering from bottom left. b-d) Thin wall hohlraum HXRI 
images showing progression of coronal emission from back wall to LEH.  The images are negative where dark 
indicates more signal. 

2. EXPERIMENT 

The data presented in this paper were collected from two diagnostics during this NIF early light (NEL) 
experimental campaign namely; a gated flexible x-ray imager (FXI)[4] configured as a Hard X-ray 
Imager (HXRI) and a Filter Fluorescer Experiment (FFLEX) diagnostic[5].  The HXRI recorded time 
resolved hohlraum emission for > 9 keV photons through the thin walls of the hohlraums as well as 
the emission of > 6 keV photons from outside the hohlraums that passed through the Al filter.  The 
FFLEX collected time-integrated, absolutely calibrated harder x-ray spectra emitted by hot electrons 
interacting with the gold hohlraum walls using 8 channels ranging in energy from 18 to 150 keV.   

3. RESULTS 

Figure 1 shows the HXRI view of the halfraum and three of 12 images obtained for a 13.6 kJ laser 
pulse with 6 ns flattop duration illuminating a 1.6 mm diameter halfraum equipped with an 800 µm 
diameter LEH.  From these images it can be seen that the hard x-ray emission migrates from the back 
wall to the LEH; this is attributed to plasma filling of the vacuum halfraum. Fig. 2a shows FFLEX 
spectra that are fitted to determine the temperature (≈ 30 keV in all cases) and infer the fraction of 
laser energy that went into hot electrons. Fig 2a indicates a dependence between the laser intensity and 
the hot electron energy fraction.  Also annotated in Figure 2a are features ascribed to Au-Kα and K-
edge absorption.  
Figure 2b also shows a correlation between the hot electron fraction and the time to reach 10% critical 
density normalized to the laser pulse length based on an analytic plasma filling model[6.] described in 
more detail elsewhere [7, 8]  

LEH 
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Figure 2. a) FFLEX data and fits showing Au-Kα and absorption edge. The data key is halfraum 
radius R in (mm), laser intensity (PW/cm^2) and laser pulse length τ (ns).  b) Fraction for various 
hohlraum diameters vs. fraction of time to fill to t 0.1 nc. 
 
SUMMARY 
Time resolved hard x-ray images and time integrated hard x-ray spectra have provided complementary 
information on hohlraum plasma filling for a variety of NIF vacuum hohlraums.  The results show 
increased filling for smaller hohlraums and/or longer pulses and increased fhot for higher intensities 
and more filling. Thot’s are consistent with prior hohlraum data. 
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