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Cryogenic implosions at the National ignition facility using high-density-carbon (HDC) ablators 

have steadily shown improvement in performance reaching fusion levels of approximately 50 KJ 

for a 2 MJ laser delivery.  While this has been an impressive achievement from the early days of 

the National Ignition Campaign (with improvements of nearly ~50x), current target performance 

is still degraded significantly by a variety of mechanisms.   One specific degradation is the 

asymmetric assembly of the fuel areal density typically observed from the suite of nuclear 

diagnostics.   Since the main objective of hot-spot ignition relies on maximal conversion of shell 

kinetic energy into hot-spot internal energy, these asymmetries are an indication of an appreciable 

loss mechanism that needs to be addressed.  Several hypotheses have been proposed as possible 

causes for the observed asymmetries.  First is the inherent random beam-to-beam variations in the 

laser delivery that varies among experiments.   While these have been shown to contribute to the 

observations, they do not solely explain most of the experimental database [1].  Other sources that 

appear to be important are target positioning, hohlraum diagnostic apertures (DH) required for x-

ray imaging and/or shell thickness variations.  We have begun an intensive computational study to 

individually assess the contribution of these sources and to determine possible mitigation 

strategies.  Our studies have revealed that, although the DH are small (~3% of the full solid angle) 

their engineering complexity is enough to give rise to an azimuthal mode 1 that persists 

throughout the entirety of the implosion.   A subgrid-model, developed using detailed 2D 

simulations, incorporated into our 3D suite of integrated simulations can account for some of the 

observed areal density variations of the NIF highest yield-performing shots.   Recently, attention 

has been focused on the presence of capsule shell thickness mode 1 variations.   Simulations show 

that their contribution can be significant.  In this paper, we present our current understanding of 

these low-mode asymmetry measurements by comparing our 3D simulations results to 

experimental data of several NIF shots.  
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