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DRAFT 

Review of Proton Radiography at LANSeE 

Introduction 

Unlil recen tly. the experimental tools to observe the dynamic behavior of mucria ls when 
driven by high explosives had not chang d much since the arl iest days of lhL' nuc lear 
weapons program. At the same ti me the need to develop predictive mode ls of material 
behavior under sllch conditions had grown substanti all y. es p c ia lly after the cessation of 
U.S . nuclear testing in 1989. Over the las t decade, a new imagin g technique h3.s been 
develo d that uses high-energy protons, rather than x-rays, to radiograph materials 
during dynamic experiments. Proton radiography allows researchers to make ShOlt 
movies and ohtain much more detailed information on rhe mot iuns and densities of 
malerials when driven by shock compression than was ever possible hef\)re. The 
peneLrating power, or long mean free path, of protons and the abi lity to focu :-. th mare 
opening up new opportunities for quantitati ve experiments, accurate model development, 
and d igner training that will revol utioni ze how the U.S. nuclear stockpile is s tewarded 
in the fu ture. 

Capabilities of the Proton Radiography (pRad) Program 

The proton radiography program at Los Alamos occurs in the Li ne C Ex perimen tal Area 
at the Los Alamos Neutron Science Center (LANSCE). The proton radiograph y program 
is capable of taking a series of 31 images of a dynamic event. The spatial r ~o l uli on of 
the large f ie ld-of-view system (120 mm fie ld of view) is 180 !-t m. A ne wer X3 magnifier 
system provides higher resolution, 75 /lm , over a smaller fi eld-of-view (40 mm). T he 
maxi mum density that can be measured with 800 MeV protons is 70 glcc. In additi on to 
the lime-resolved imaging and density measurements avail able with pRJ,lI, other 
di agnostics such as v ISAR, POV (both su rface-velocity measurements), and l iming pi ns 
are available. New capabi lities also include contro lled heati ng and cooling of shots , as 
well as a l-D powder gun driver. New capabili ties such as optical imaging are 
anlici paLed within the next year. 

H igh-energy proton beams serve as an almost ideal radiographic pro be for ~ tuLl yi ng the 
physics of nuclea.r weapons because their mean free path (or average di slance traveled 
between colli sions) can be tailored to see inside almost an y experi m nl. Prolons are 
charged particles that bend as they move through magnet ic fields, so Lhey can he foc used 
by magnetic lenses. The contrast in an experiment can then b optimiz d wilh diff ren t 
collimators. h is thi s feature that has enabled the pRad program at LANSCE lO address 
many different phys ics prohlems with the same proton beam energy. 

There have been over 300 dynamic experiments performed since the pRad efruJ1. began a 
decade ago. Currently, about 40 dynamic ex periments are performed each year. Two
th irds of lhese experimenls are related to weapons physics, and Lhe other th ird are 
designed to tudy specific weapons engineering issues or to enhance the measu rement 
capabi lilies at Line C. 



Validation and Verification 

In o rder to simul ale lhe implosion of a nuclear weapon accurately, with unders ta.nding of 
errors , we need to model the physics of explosive delonation and bu rn front propaga tion 
and tile dynamic behavior of metals under explosive loadi ng. In a weapon. materials 
exhibit behaviors at ex tre mely high stra in rates. T his results in detonati () ll~ al high 
pressures, metals fracturlng under high loads, and metals unde rgoi ng "spall," or 
fracturing inside the melal caused by shock loading. Somelimes these behaviors are 
studi d in an integral w ay us ing h ydrotes ts. Often , however, theorelicians and numerical 
physicists would like to understand specifi physical behaviors under very CLl trolled 
ex peri menlal conditions. In order to improve their model s and simulations . and quantify 
unc rtainties, they need experimental data with high spatial and temporal resolution . 

Prol m rad iography is a very valuable tool for understanding weapons phys ics There are 
several diagnostic tools developed to assess hydrodynamic behavior, however. most re ly 
on surface measureme nts and are un able to interrogate the critical state van abl s and 
stress-strain response in the lnterior of the hydro-components. Model ing depends on 
accurate ly capturi ng the tim", evolution of those state variables and stress-s lrain respons S 

on a m ic rosecond time scale. Proton radiography, with its ab ili ty to penetrate and 
accurately image the in terior of highly compressed components, as well as il:-- high ly 
Oexible and precisel y recordable pulsed format, is uniquely sui ted to providing the 
necessary data for weapon cert ification codes and models. 

Prolon rad iography at LANL is being used to perfo rm classified and uncl assi fied 
experiments relating to equation-of-state for high explosives (HE) and material:-. damage 
and frac ture. material properties of explosives, and hydrod ynamics and mi x. As an 
example in 2005, 38 dynamic experiments were performed at Line C. There were lwei e 
damagds pall experlments and high-explosive cookoff experi ments that were perfom1ed 
in order to su pport the ASC Validation and Veri fication fforts at Los Alamos by 
providi ng scientific data to he lp validate and calibrate fracture and HE eq uation-ot-staLe 
(EOS) mod Is. The cookoff experi ments also created a new capabi lily at Line C to study 
the Lime evolut ion of heated HE and to trigger its eventu al detonat ion. \lineteen 
classif ied experiments were performed IJ si ng pRad to study specific engi neering iss Ll es 
(for Sandia N at ional Laboratory), and for val idation of ASC weapons simu latiuns . The 
final seven ex periments performed last yem added the powder gu n capabiliLY t pRad o 
With the powder gu n, we can now study equation of state of shock-loaded materials 
under well-controlled condit ions that wi II improve our understanding of the EOS of 
p orIy-und ~rstood metals such as tin and iron. 
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1. High explosive equation of state and dynamic material properties: 
Cookoff experiments, PI: Laura S rn ilowitz, CHEM-PCAS, Physical C hemistry and 
Applied S pectroscopy 

High explosi ves are usually initiated with detonators, but it is important to understand the 
properties of explosives as they are heated , and when the temperature is large ~nough to 
ca use a thermal explosion. The understand ing of thenmll explosions has been hi ndered 
compared to that o /" detonations by the di ffi culty of pred icting the exact time o f the even t. 
A tec hn ique such as proton radiography can illuminate the events at the Cl'nter of a 
thermal ex plosion but req ll ires the ability to control igniti on time to within a hundred 
microseconds. A technique for synchronizi ng a thermal explosion at the center of a 
heated explosive with hundred-microsecond acc uracy at the end of a sevem t hours uf 
heating has been deve loped. Technical accomplish ments to achieve th i ~ included 
controll ing the location of ignition and measUli ng the temperature at the ign ition locat ion. 
Once thermal ru naway begins, synchronization is achieved by using a f ibe r-courted laser 
to provide a temperature perturbation within the ignition volume. Using a convergent 
heating geometry and carefull y chosen heat profi le to delem1ine the igni tion location and 
then embedding a fiber optic at that location to prov ide the temperature j u mp using a free 
running Y AG , we were able to field th is experiment at the pRad faci lity at LA NSCE and 
image the onset of burn ing in the explosive and su bsequent case expans ion. Th is allows 
us to beller understand thermal explosion and opens up the f ield of thermal ex plosion 
research to diagnost ics previously inaccessible. 

The quaSi-static images taken du ring heating show the volume expansion from the phase 
change is accommodated in the shot (see Figure 1). From the dynamic images al ignilion, 
we are able to put together a model for bum propagation that includes cracking, 
convecti n, and c nductive consumption of material. 

After phase 
cha 

Before phase 
change 

HE filling the voids 

Figure]. COI)koff experiments showing phase measurable phase change of high exploshes during 
heating. 

The thermal ex plosion appears to originate al a hot spot and quickly propagales Lhough 
cracks in the material. T he materi al between the cracks then re acts more slow [y. T his 
can be observed in sequence of radiogTaphs shown in Figure 2. These are a co mposite of 
two experi ments showing the initiation of the react ion of the higb explosive. The r,-, Iative 
off set in time has been established by looking at the metal motion in tater time Jata. 



Figure 2. Cookoff experiments showing initiation of' heated high explosives along cracks. 

Figure 3 shows the Proton transmission recorded along a d iamer r in the radii::tl view . The 
data are normal ized to 1 for transmission through the initial solid explosi ve and vertically 
offs t to dis play proton transmission at different times. D ata from a sequence of 13 
images are shown at 14 jls intervals starting at 2,Lis subsequent to ignition. The ;,olid lines 
are calcu latio ns of normal ized density us ing a model of convective propagation of 
ignition and consu mpti on by conductive burn ing. 
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Figure 3: Proton transmission recorded along a iameter in the radjal vien. The solid ines are 
calculations of normalized density using a model of convective propagation of ignition and 
consumption by conductive burning. 

'n 1is daLa was pubJi hed in Physical Review Letters (PRL 100, 228301 2(08). 
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2. Dynamic material failure and fracture: 
Depleted U ranium Hemispherical Shell Experiments, PI: Larry Hull. EHT-H. 
Hyd rodynamics; Calcu lations: Mark Potocki, X-2-PC, Predictive Capabi lity. 

Simulation of material th inning and breakup under combined loading condi tions has 
presented many mod ling and numerical challenges. Ex periments were designed to show 
the evolution of depleted uraniu m fracture in a thin, hemispherical geo metry. Proton 
radiography provides a time history of material fai lure that can be di rectly com! ared to 
the models implemented in ASC codes. As shown in Figure 3, the fracture of d pleted 
uranium poses a stringent challenge to frac ture models, and the ti me evolutio n and spatial 
distributi on of material must be matched to the simulation . The metrics for comparison 
with simulations are onset of damage, open crack area, and extent of area part ially shaded 
by material. 

The enti re pRad experi ment was simulated in two-dimensions, from de tonation to late 
time, us ing both the Pmin and TEPLA models. New analysis techn iques were e eloped 
to provide quanti tative comparisons between experimental and simulated radiographs by 
calcu lating the material di stribu tion along any ray in the images from early to late time 
(r ference figure). These techn iques showed excellent agreement (withi n 3o/r.) he tween 
the amount of p n area, area wilh uranium, and areas with intermediate inten :-. ily Ie els . 
These qu antitati ve m [hods were used to perform mesh refinement and time step 
refinement studies to test the convergence of the si mu lations. Work on analy~is of the 
experimental data is sti ll ongoing, and new lh ree-dimensional sim ulations are bei ng ru n. 

Figure 3. A time series of proton radiographs of an expanding herni-shell of depicted uranium 
showing the shear band fracture into "corn fl akes." 

6 



Proton radiograph images showed the onset of damage in less than 3!-t. after the shock 
from reached the inner surface of the U6Nb hemisphere. Sim ulations using Pll1i ll show no 
damage in th is time, but the TEPLA simulations show significant deviations in density, 
although none of the deviations are completely through the thickness of the shdl. Later 
time simulations, shown in Figure 4 , illustrate how the Pmin model fails to capture the 
fracture of the materi aL 

Quantification of simulations 1S possible by comparing the intensi ty of the image 
generated experimentally and a synthetic radiograph generated by rotating Lhe 2-D 
simulation, as shown on the left in Figure 5. The rays shown in Figure 5 indicate areas 
where qua nti tati ve comparisons were made. This method, sti ll under devd opmeO[, 
demonstrates that the rel ati ve areas fully open, partially obscured, and full y covered by 
fragme nts as observed are simulated in 2-D using TEPLA with high precision. The pRad 
experi mental data have provided highly resolved temporal and spatial data fo r alidation 
of the implementation of a damage model in a LANL ASC code. 

The hemi-shcll experi mental series was als ) used to put upper and lower lim its on lhe 
density of the malerial th at is in between the large chunks of metal, called fines. Figure 6 
shows the ar al density estimates of the fines in the depleted uran iu m experiments . No 
otht:r m surement technique has the resolution to measu re, directly or indi rcc tly, the 
denSity of the fines. 

Figure 4. Comparison of simulations of U6Nb sheU explosively driven, at 14.0 ~tS. On the left is a 
simulation using Pmin. On the right is a simulation using TEPLA. The TEPLA simulatiun predicts 
significant density loss through much of the shell, while the Pnun simulation predicts no shell 
breakup. 
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. . 
Figure 5. Comparison of 2-D simulation obtained using TEPLAJPTW of explosivel.y-d riven 40mm 
hemisphere, rotated to enable comparison of the proton radiograph taken 14.0 "IS after detonation. 
The lines drawn on the figures were used to evaluate comparative densities. 
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Figure 6. Upper and lower area l density limits on material within the cracks of a fractur ing depleted 
uranium hemi-shelJ. 
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3. Material damage caused by spall : 
Spall experiments, PI: David Holtkamp, PHY-HXP, Hydrodynamics & X-ray Physics; 
Calculations: Michael Prime, WT-SD, Structural Dynamics. 

Along with fracture, materials can fail due to spall , where high strain inside Ihe metal 
causes it to ru ptu re internally. Proton radiography provides a time evolution or Lhe 
in ternal mat ri al failure mechanisms that characterize pall damage. In the pa~t, models 
have only been tes ted by matching the velocity of the outer surface of the fai ling material. 
This li mited exp rimenta1 information is not enough to constrain the models. A series of 
pRad experi ments examined failure in copper, aluminum, tantalum, tin, and o lher 
material s. Figure shows proton radiographs of the spall failure in these materi als at late 
times. Each material clearly exh ibits di st inct properties under spall condi tions that test 
bOlh the EOS and failure models for the materia ls. It is challengi ng to use the ~ame ASC 
code to capture the stiff spall layers of tantal um, wh ile also capturing the melt ing of tin . 

Figure 1. Proton radiographs of spall in (left to right) Copper, 6061 Aluminum, Tantalum, and Tin. 

Under some conditions, tin wi ll melt, but under others it spal l. without me lti ng. Proton 
radiography can capture the different properties of tin under both of these Londi lions and 

ro ide data needed to the modeling of these failure modes . 

I I 
5.1 5.8 6.5 7 J 

Figure shows comparisons between calculation and experiment for two types of tin 
experi ments. The fir t, where the tin does not melt, snd the second, wh re the: Li n doe .. 
The shots had varying metal thicknesses , which led to di fferent metal pressures and 
d ifferent melt and spall behavior. 
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Figure 2. Left, experiment and simulation of the failure of a tin disk due to spall (unmelted); 
Right, tin that has melted upon spall. Proton radiographs show the Abel inverted volume 
density field, which allows direct comparison to the calculated density field. 

The radiographic data were used to cal ibrate and validate both the Linde man n melt law 
and Pmin failure model. Such melt behavior under high-explos ive loading i . J c rucial 
prediction capabili ty, but it is very di fficu lt [0 fi nd ex perimenta l data that reveal enough 
physics to trul y exercise any model. The pRad tin data proved uniquely capabk t allow 
Lhe com parison and give the intuiti ve understanding of the evolving physical pr )cess and 
the performance of the computational model. The copper and tantalu m pRa data are 
clmently being used to test the TEPLA fa il ure model. 
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4. Material equation-of-state under shock loading: 
Powder Gun Ex periments, PI: Paolo Rigg, DE-9 Cynthia Schwanz, P-25 

The results of a series of dynamic experiments were published in late 2008 demonstrating 
the ability of 800 MeV proton radiography to directly measure points on lh Hugon iot 
with < I % dynamic dens ity errors (PHYS ICAL REV IEW B 77,220101 R 2008). These were the 
resul ts of proof of principle experiments, placing points on the Hugoniot of well known 
materi als, copper and al uminum, see table I and fi gure 1 
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Figurc 1: Results of' proof-of-prillciple experimellts, dcmonstrating <1 % density reconstructions 
from dynamic proton radiography experiments. 

Since that time further experiments have been performed studying material equation ot 
stale, focusing on solid-solid phase transitions. Figure 2 shows resu lts from lh ~Ipha

epsilon phase transition in iron. The driving pressure of this experiment was dcsicned to 
spli t the sh ck nd phase transi ti on waves, resulting in Lhe two- wave structure shown in 
these radiographs. These results have been presented at various conferences and 
sem inars and foll ow on work is being performed in 2009 for publ ication in carty 201 0. 

11 



9 -- Lineout 
-- Calculatiof) 

8 

.r-
E 7 
.!2 
E 
01 

6 
~ 

AI Fe Ul 
c 
OJ 

5 0 

4 

3 

-10 -5 a 5 10 15 

Thickness (mm) 

Figure 2: Left, color enhanced density distribution (red being the highest density) from a rddiograph 
of an iron cylinder driven by all aluminum nJcr, which was traveling from left to right. The leading 
density jump is the PI wave and the second density j ump is the phase Iran ition or the P2 wave. 
Right: a lineout through the densitJ distribution showing the agreement between model simulations 
and the radiographic density reconst ructions. 
The work described above has focused on equation of state measurements on materi als 
dri ven by a su pported shock. More recently experi ments have been performed to 
investigate the potential for measuring eqllation of state in mat ri als driven by high 
explosives with the goal of ident ifying solid-solid and solid-liquid phase hou ndaries . 
Because of the high resolution and mult iple pu lse capabi lity of 800 MeV pro ton 
rad iography the average shock velocity between radiographic frames and the density 
behind the shock discontinu ity can be measured simultaneou sl y. In an HE dri en sample 
the shock pressure decreases as it traverses the sample allowing for multiple 
mea urements of points along the HugonioL. A demonstrat ion ex peri ment has been 
performed using this technique. In this case a cylinder high explosi ve~ was used 10 drive 
a Taylor wave shock into a tin sample. T he series of radiographs fro m these experiments 
are shown in figur 3, along with the points along th Hugoniot detelmincd throu gh 

'

density mea urements and shock velocity measurements from the mulliple time 
radiographs. 
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Figure 3: Top: multiple time radiographs of a HF. driven shock traversing a lin sample. The shock 
velocity between each radiograph as calculated from a measurement of the leacling edge of the shock 
and the inter-frame spacing of the r adiographs. 'The density was inferred from the trunsmL'ision of 
the radiographs. 
The development or these tech niques is bei ng refined on known materials in preparation 
fo r experiments on materi als with unknown properties. Successful d velopmen! of (I is 
technique w ill result in a single experiment mapping out the Hugoniot fr 01 [he pc~ ak 

pressure alla inable with high ex plosives aJl the way down to nearl y sOllnd wave 
veloc it ies . 
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5. High explosive dynamic material behavior: 
Comer T urner Experiments, PI: Eric Ferm, EHT-H, Hydrodynamics 

Proton radiog raphs show measurable changes in high explosi ve burn behavior as a 
functi on of HE type, lot, and temperature. For example, these variables impacl the size 
o f dead i ones, or regions of unburned explosives. The comer turner experiments were 
designed to show dead zone regions caused by forcing a cylinder of HE to ignite a larger 
cylinder. A series of ex peri ments show changes in the dead zone size with both 
temperatu re and lot. Figure shows one such experiment, where the format ion of dead 
zones can be , tudied with ti me resolut ion. These r suits are used to va l i dat~ HE bum 
model s in ASC codes. Accurate measurement of the size and shape of the dead zones has 
only been achievable radiography, and these data have proven to be 
invaluable for validati 

Figure 1. Corner turner exper iment showing the propagation of the reaction front through an HE 
cylinder into a largcr-diamett'r cylinder. Dead zones are visible as bright spols. 
6. High Explosive Equation of State 
Wave Coll ider Experiments, PI : Eric Ferm, EHT-H, Hydrodynami s; Calculations: 
Allen Mathews, X-4, Primary and Design Assessment. 

In the wave colli cl er experiment, two detonation waves collide, pass th rough eac h other, 
and conti nue to propagate through the HE detonation products. At the i n~lant they 
coll ide, the pressure is higher than the Chapman-Jouget eCl) pressure, and the ex peri ment 
offers tJ1e p( ssibility of tes ti ng the performance of EOS models in the pressu re region 
above CJ anu at rapidly changing dellSit ies. 

The experimental setup of traditional HE-EOS cylinder tes ts differs from the wave 
coUider experiment in that it consists of a thin copper pipe filled wi th HE that is 
detonated at only on end. The maxi mum steady pressure produced by the detonation 
wave in the cylinuer test is called the CJ pressure. The JWL EOS is lhe ret" re only 
calihrat d for pressures li p to lh CJ pressu re, but not greater. The JWL EOS is rr quently 
used in hydrodynamic modeling of HE detonation even though its fa ilure to reproduce 
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experimental results at pressures above CJ has been documented xtensively [4- -:\6J- The 
second EOS for HE detonation products considered in th is study is the ( ne recently 
propos d by Davis [7]_ The Davis gas EOS was calibrated so that it would reproduce 
experimental data that inclu ded pressures above CL 

The parameters in the hydrocode mod Is were var ied systematically in order to m tch the 
pRad experi mental data to correspondi ng simulations_ The experi mental data consisted of 
multiple time-frame images from a pRad data set that werc captured in an liE collider 
sequence. The comparison between the expcri mental data and the simulatiu n, Figure , 7.
provides a means for validating hydrodynamic simulations at more than one lime, thus 
adding more stringem constraints to the time evolution of explOSively-driven proc sses _ 
W ap plied the process to both JWL an d Oavis gas EOS models, and the res Lill- for the 
two models were almost indislinguishable in the density profiles. However, the (Wo 
models did show di ff rences in peak pre~sures at comparable times, as was expected. W 
are in the process of studyi ng the effect of other parameter chan es on differences in the 
pro tile and the shape of the shock-wave front. (citation of report '-Analysis or Mu lliframe 
Proton Radiograph (PRAD) Images from HE Collider Experiments," Allen !\hlltcws (X-
4), Holmann Brand (X-7), and Kevin Buescher (X-8) LA- UR-03-3425) 

t 
igure 2: Two pRad images from the wave collider experiment (lert) , and two computational 

images at the same times (right). Simultaneous detonations Occur at the top and bottom f 
each image, outside of the field of view. The left image was made shortly before the initial 
burn fronts collided (approx.imately 6.8 fJS after the HE detonation). The right image shows 
the shock wave propagating througb burned tbe HE (approximately 13.3 I.ls after the HE 
detonation). The waves collided at 7.S I.ls. The experimental images show Abel inversion 
reconstructions from the original radiographs. Variations in the density of tbe burned HE 
in the simuJations are the result of interactions between HE regions detonated at multiple 
points. 
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3. High Strain Rate Strength: 
High Strain Rate Strength experimen t , Pl: Russ Olson, P-23, Neutr n Sc il!TIce and 
Technology Group 

The hydrodynamic simulation of ex plosively dri ven metals requires the inclus ion of 
matelial ' trength. Some simulations employ a strain-rate independent model, sLlch as 
Steinberg-Gu inan (SG) strength model. More sophisticated si mulations, sllch as the 
Preston, Tonks and W allace (PTW) model incl ude strain rate dependence. Typically the 
parameters for these models are determined at low strain rate fro m the interpretution of 
Hopk inson-Bar experi ments and the strength model is then used to extrapolate th rough 
many orders of magnitude to predict materi al strength at high strain-ra te . Figure I shows 
the Hopki n!)on-Bar data with the PTW model predictions overlaid 
To unders tand the accuracy of this extrapolation a series of dynamic experiment~ have 

PTI/I/ fit to Hopkinson-Bar data' 
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Figure 7: Low strain rate stress measurements compared to PTW fit to this data. This model and these tit 
parameters are typically then used for hydrodynamic simulations to predict material properties at strain rates 
orders of' magnitude higher. 

been performed at the proton rad iography facil ity in collaboration with Russ Obun of 
LANL and Mary Jane Lindquist of LLNL. Fi gure 2 shows a schematic of the 
exp ri mentall ayout. In these experiments expanding high explosives de tonation 
product arc u ed to shocklessly accelerate a metal sample, which has been machined to 
have a sinusoidal surface profile, to seed the Rayleigh-Taylor instab ility gro wth. The 
R yleigh-Taylor growth rate, as measured via the mu ltiple time rad iography. is then used 
to compare t mode l predictions. These experimen ts have been perfonned to study the 
high stra in rate strength properties of copper as a function of fabrication and pre paration 
treatments (such as annealing and pre-stra in ing). In add ition these experiments were 
performed to study high strain rate strength in vanadium, tantalum and urani um LO study 
the effects of crys tal line structure on material strength. F igure ::; shows preli mi n ~lry 

proton radiography growth clata compared to SG and PTW predic tions. All models 
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pred icted strength inhibited growl:h after 9/15, while the measurements show no sign of 

reduc d grow th rate. 

tAcceleration 
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~ 
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Figure 8: Schematic layout of high strain rate strength measurements performed at pRado 
These experiments are being carried out to verify existing strength model s as wel l as 
develop the next generation of strength models by staff at LANL, LLNL, A WE and 
VNIlEF. 

pRad data 

- PT\I\l 

- SG 

Ti me (~s) 

Figure 9: Left, experimental instability growth as a function of' time. Right, dynamic radiography 
used to measure growth rate. 

Once the (heoretical and model ing capability has been established experimen h ,>imilar to 
these wi ll be proposed to study the strength characteristics of plu ton ium. These 
experi ments will be propo ed for execution at pRad or UIA. 
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3. RMI Instability Growth : 
PI: William Buttler, P-23, Neutron Science and Technology G roup 

LANL is presently engaged in developing mode ls of ejecta formation and transport for 
integration into LANL hydrodynamic simulations. It is believed that th underlying 
lheory for ejecla formation is throu gh R ichtmyer-M shkov instabili ty growth of shocked 
rough surfaces. A series of proton radiography experimen ls have been performed to study 
Richtmyer-Meshkov instability growth of the resulting "bubbles and spikes" as well as 
st udying the transport and breakup of these materials into vacuum and gas. T he prolon 
radiography data set, along with data collected at other facilities, is guiding the 
developmen t of the LANL ejecta model, wh ich will ultimately be implemented into the 
LANL hydrodynamic simulation codes. 

Figure 1 shows the radiographic results from a pRad experiment performed in Lue 2008. 
This experiment was performed to study Rich lmye r-Meshkov instability growth or shock 
liquefied tin xenon at an ambient pressure of 5 bar. A second experiment was also 
performed to stud y the Richtmyer-Mesh kov instabi lity growth into vacuum to study the 
differences in bubble and spike transport. Follow on expe riment s have been executed in 
2009 to sludy RMI growth, ejecta formation and transport when generated by Taylor 
wave and supported shocks into vacuum and high pressure gas. 
The present stale of this research is desc ribed by Buttler et al. in LA-UR-08-6293. 

Figure I: Comparison of ejecta formation and transport of liquefied tin in 5 bar of xenon (top) 
and into vacuum (bottom) 
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3. Plutonium Preparatory Experiments: 
PI: Nick King, P-23, Neu tron Science and Technology Group 

The Bacchus series of experiment was designed to study plu ton ium strength 
characteristics. These experiments were de igned to use small quantities of pl Llt ni um 
(<1 1 grams) driven by small quantities of high explos ives «30 grams TNT eq uivalent). 
These design restrictions would allow the experiment to be fired in Area C at LANSCE 
under the authorization basis which was approved in April, 2009. 

In order to protect Area C from plutoniu m contamination these experiments will 
be xecuted wiLhin a confi nement vessel which will be installed into a secondary 
confinement vessel. The design of the inner confinement vessel required some data on 
the fragment distribution within the inner confinement vessel. In addition the 
experi mental techn ique of fielding these small scale experiments in two layers of 
confinement required testing before fab ricating the final inner v ssel system. Two 
experim nts were fired to meet these two goal s. The fi rst was the fragment t~st and the 
mulLiple time radiographs from th is experi ment is shown in figure 1. The multi ple Lime 
radiographs fired from the second experiment, fired with a lead sample, is shown fi gu re 
2. 

- ---
_.I-. 
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}<'igure 1: multiple time radiographs from the Bacchus fr agment test . The fragment spatial and 
velocity distribution was used by vessel designers to guide and assess the design of the inner 

confinement vessel. 
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Figure 2: Multiple tie radiographs of the Bacchus radiographic test experiment. The results of this 
experiment demonstrated the capability of 800 MeV proton radiography to provide multiple time 
radiographs with sufficient resolution to meet the requirements of the Bacchus experiment. 
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