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Abstract 

An Overview of Stockpile Stewardship research at Los Alamos 

Since 1992 the U.S. Nuclear deterrent has been maintained without nuclear testing. The science in the 

Stockpile Stewardship Program (SSP) has enabled this change, which is an important step in reducing the 

proliferation of nuclear weapons. The advances made in the SSP have allowed the U.S. Government to sign first 

the START, and recently the new Start treaty, which commit to significant reductions in the nuclear arsenals 

of the Unites States and Russia. I will discuss why science improvements are needed to accomplish this 

mission, and discuss the new experimental techniques that we are applying to the difficult scientific challenges 

of the SSP. Many of the advanced techniques are the direct result of previous basic science investments at 

Los Alamos. I will also discuss a set of new applications resulting from the capabilities developed for stockpile 

stewardship. 



An Overview of stockpile Stewardship Research at 
Los Alamos 

The Viewgraphs submitted for publication entitled "Hitchhiker's guide 
to stockpile stewardship: the intersting story of Los Alamos 
influence on U.S. science", first author Susan J Seestrom, 092217 has 
been reviewed and received the following release number: LA-UR 
11-05140. The abstract is U and the text is U 
Please call 7-5013 if you have questions. 

****** 
Susan, 

I transferred a copy of the jeep pic to LANL some time ago for 
Doug's Physics news. The picture was taken by my father abt 1946 on 
the pipeline road. Hans Bethe on the left front seat. Enrico 
Fermi behind him. Henry Bethe behind me. 

Nick 
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Los Alamos started as part of the Manhatten 
Project 
• The Cold War nuclear stockpile was created using a 

extensive series of nuclear tests (?11 worldwide) 

• The ability to maintain a safe, secure, and reliable 
nuclear deterrent without nuclear testing is important to 
reducing the proliferation of nuclear weapons 

• The path to a world without nuclear weapons passes thru 
"few" weapons - confidence in those few will be 
important 

• Improved techniques for verification will be also needed -
and these require similar a skill base to stockpile 
stewardship 

/, 
• LosAlamos 

References - e.g APS report: 
Science and technology (5& T) will playa critical role in advancing the US plan to 
balance deterrence 
with downsizing the US nuclear arsenal. In particular, 5& T are essential to enable 
three key 
goals associated with this plan: 
1) verifying the process of downsizing and dismantling stockpiles; 
2) sustaining the capability and expertise to ensure that the remaining arsenal is 
safe, secure, reliable and 
effective for as long as is necessary; and, 
3) ensuring the peaceful use of fissile materials. 

LANL and stockpile stewardship is to broad to cover in a single talk- I will present a 
particular slice through the subject based on my experience of 30 years as scientist 
and later leader at LANL 
I will also focus on the impact of a single large facility - LAMPF (now LANSCE) 
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Many countries have ratified or signed the eTST 
no nuclear tests have been conducted by these signatories since 1996 

• Annex 2, signed and ratified 

• '\nrex 2, n '1-$ jna+o 
• Not Annex 2, signed and ratified 
• Not Annex2. only signed 

J2, 
• los Alamos 

• Not Annex 2, non-signatory 

HATl O ...... 1 lot.IOIU.IOIU 

---------------------------------------------tN .... S;'!:. 3 

Last nuclear test: ??? 
US UK Soviet Union last test 1992 
China, France tested thru 1996 (when China signed) 

Since only India, Pakistan, N Korea 
English: Participation in the Comprehensive Nuclear-Test-Ban Treaty as of May 26, 
2010 
Annex 2, signed and ratified light blue 

Annex 2, only signed yellow 
Annex 2, non-signatory pink 

Not Annex 2, signed and ratified dark bluw 
Not Annex 2, only signed green 
Not Annex 2, non-signatory red 

Date 27 May 2009 
Annex 2 - states hvavinf reactors ... Algeria, Argentina, Australia , Austria , Bangladesh, 
Belgium, Brazil, Bulgaria, Canada, Chile, China, Colombia, 

Democratic People's Republic of Korea, fgyQt Finland, France, Germany, Hungary. 
India, Indonesia. Iran (Islamic Republic of), Israel, .!!2!Y, Japan, Mexico, Netherlands, 

Norway, Pakistan, Peru, Poland, Romania. Republic of Korea, Russian Federation, 
Slovakia. South Africa, Spain, Sweden. Switzerland. Turkey, Ukraine. 
United Kingdom of Great Britain and Northern Ireland. United States of America , 

Vietnam, Zaire 

3 



New 
Treat 
Ratifi 
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stockpile Stewardship uses the science of prediction 
& uncer tainty quantification for complex systems and 
networks 

• Quantitative tools for 
decision makers 

• Common to multiple areas 
- climate modeling, 
electric grid, etc. 

High performance 
comptJting 

h 

A number of scientific disciplines are needed to 
achieve a predictive capability 

• LosAlamos 

OpenilledDflDS~NiDn1ISet..ty. U.C l ll'ltleU.S. ~OfEneIVl'S""&' UN C \...A S S 1 ; 1 E. C 

5 



stockpile stewardship requires integration of key 
tools and disciplines 

• Tools 
- High perform'ance 

computing 
- Experimental facilities 
- Manufacturing 

facilities 
- Compu ter codes 

/-, 
• los Alamos 

,,,,.110 '''',1 l ... . OIlA ro"v 

• Scientific Expertise 
- Materials, including 

actinides 
- Nuclear Physics 

Plasma Physics 
- High Explosives 
- Hydrodynamics/ 

turbulence 

----------------------------------------~ tr..;,,"&" 6 

Find an open slide on stockpile numbers 
Find some references to CTBT and New start (look at the popa stuff) 
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First ingredient: nuclear physics 

• Nuclear physics was 
important 
- Energy release 
- Chain reaction 
- Critical size, tamper, & 

effic iency 
- Cross sections 

- Efficiency, detonation, & 
predetona tion 

U235 
92 

Better picture - include Hahn/Meitner/Strassmann - reference to date 
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Creating a Super-Critical Assembly 
S~b-. Super critic~1 

Each fission releases -Z.5 neutrons+ZOO MeV of mass Bv:'\ 
kinetic energy I'I'-.::=========-:;;t:::) \ 
1024 Atoms (Z50 gm) = 10 kilo tons of TNT I 
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Explosive 

nn:: nIPLO<;IO~ WL\PO~ 

S·,lbc.nr..:ll 
ClH, 

o:m 

~Jouot. 

HlP: "I'lo,n·. /" 

Achieving an implosion requires expertise in high explosives and shock physics 

h 
• los Alamos 

Useful to have a reactoe example? 
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Thin Man Crisis Optimum 
Initiation 

· First samples of reactor produced Pu 

~ A""i h" 
Explosion 

were received from Oak Ridge for 
analysis at Los Alamos in April 1944 !. · Analysis by Segre's group showed high Preinitiation ' , 

nl "- '. neutron background rate due to (.) 

spontaneous fission in Z40pU (5X :;:; 
'':: Critical Seaborg's initial sample) () ~ 

I · Assembly speed of Thin Man wasn' t \ 
fast enough and the plutonium gun 
was abandoned Time .. 

· Los Alamos refocused toward 
development of the implosion weapon 

p- m p- Neutron bacl!ground niles; ':u+n+ : u ... .,Np-+ :Pu 
r" T" r" HEU : -1 neutronikglsecond .. - 2' _ 2A.noYurs WGPu : -60,000 neutronslkglsecond 

-Z;pu+n+ : Pu RGPu : -300,000 neutronslkglsecond 
T" 

..,.y~ 

.c, Critical Assembly - A Technical History of Los Alamos during the Oppenheimer Years. 1943-1945. 

• los Alamos republished by Cambridge University Press in 2004 

H "'TlO "' .II~ L .... OII A IO ." 
,,, ". ,, 

{)geralecllJlll.O$A&imls NilIOnaI5ec:WfY. w:: lameu.s DrpadmertOlEnefVf'5 I.f&l UNC~#"S5ItltO tr..; .. "&.. 9 

Reactors produce large neutron production rates 
• Large neutron flux also results in production of 240Pu via additional neutron capture reactions 
• 240Pu has high spontaneous fission rate, resulting in a large neutron background 
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Plutonium, the most complex metal 
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• I. Los Alamos I 1 • • Met Lab, University • 
of Chicago , 

• • 
•• 

• • •• 
• • . I· • • • .. • • • 

• 
• 

• 

Oct Nov Dec Jan Feb Mat Apr May 

f--1943-1--1944--1 

h 
• Los Alamos 

~ eww" • ...... ~""'1intyC~'t'-..""'" 
ttal~'f(1 IU g"'\ • In \GP.- ' . IO'-,l 

................. 20 OOIS 10 
£~ ... ~ OeGe 10 000(11 110 
.. ~..... 0010 t.5 0020 tOO 
1-"'-__ (~) 00Z2 100 OCQJ 4l 

Operaltdb;'I..D$AIarr1:IS~5et~.LlCICfrheU5 . ~orEne1tlv'SW'&. UNClAS~IIIE:U 

Alii these pictures are from LA Science on PU 
Variations in Pu density baffled MP chemists and mettaluryst until about midway thru 
1944 - discovered no less than five allotropic [hases 
Connected binary phase diagram of the actinides illustrates transition from typical 
metallic behavior at thorium to complex behavior at PU and back to typical metal 
past americium 
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Future certification will depend on increasingly on a 
science-based assessment of performance 

Quantification of Margins and 
Uncertainties (QMU) is a 
methodology to quantify weapon 
performance at a level of 
confidence (risk). 

LONG-TERM SCIENCE BASE 

We are presently using QMU to 
assess changes that are small 
perturbations on the tested 
configurations 

Science-based predictive capability 
must improve as we move farther 
from the tested regime 

II 
g .. 
E 
Is 
"t: 
8. .. .. 
8. 
~ 

lime 

Our science base increases in importance as uncertainty about future 
stockpile requirements increases! 

h 
• los Alamos 

KAflO"'n LA'ORMOItY 

---------------------------------------------------
~edb1 l.DSAlamsN."bnll5ecut(.u..cjcrmeu,s . ~OfEneIlW\:r.,.1SA UNClASS l lIED 11 
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Aging stockpile, new pits and refurbishments all 
cause change that must be understood 

• c · :) · e 
c 

Af'kl>:V <:",'/ .. v 0 
e o u _ Pu ----_ He e 

o 0 .. ().::: 
0 • •• 

?2'Hl I 1i>1 .... t pau:. 
Ca-ca(lQ ~ll .. -7~, IIIn 

f-rf'rll-"'l 
pllr 

o V.!C;:dll\ 

2ti:, F,p" ",! p,,"'> 
I;,I~\" I~j... "I/t'-t) HIlI!! 

• !:-- .' If· ltl: "fS': 1I:1t 

Nuclear Posture Review (20l0): 
The science, technology and engineering 
base, vital for stockpile stewardship as well 
as providing insights for non-proliferation, 
must be strengthened. 

h 
• los Alamos 

Radiogenic decay of Pu 

New manufacturing techniques 

New materials 

TOlal .. arheaaJ 

In sllK"P'" 
AVi'·;t!JOllq(l 

o lw.lrhe aCI 

OJItI'aed~ LDsAlMmSNXOliII5etUft', lLC ICl Itle u.s Depadn'lrlOIEnerw'S f.NSf\ u ~ C LAS S I ~ r l'.. 0 

When a plutonium nucleus undergoes a-decay, the recoiling uranium and helium nuclei 
knock plutonium atoms from their lattice sites. Displaced plutonium atoms come to rest at 
interstitial sites and leave lattice vacancies behind. Each displaced plutonium atom creates 
a Frenkel pair-consisting of a vacancy and a self-interstitial. Each decay event creates 
more than 2000 Frenkel pairs. The cascade size is the space occupied by the Frenkel pairs 
created during a certain decay event. 

From the NPR:Second, implementation of the Stockpile Stewardship Program and the 
nuclear infrastructure 
investments recommended in the NPR will allow the United States to shift away from 
retaining 
large numbers of non-deployed warheads as a hedge against technical or geopolitical 
surprise, 
allowing major reductions in the nuclear stockpile. These investments are essential to 
facilitating 
reductions while sustaining deterrence under New START and beyond. 

The NPR concluded: 
• The science, technology and engineering base, vital for stockpile stewardship as well as 
providing insights for non-proliferation, must be strengthened. 
• Increased investments in the nuclear weapons complex of facilities and personnel are 
required to ensure the long-term safety, security, and effectiveness of our nuclear arsenal. 
New facilities will be sized to support the requirements of the stockpile stewardship and 
management plan being developed by the National Nuclear Security Administration. 
• Increased funding is needed for the Chemistry and Metallurgy Research Replacement 
Project at Los Alamos National Laboratory to replace the existing 50-year old facility, and 
to develop a new Uranium Processing Facility at the Y-12 Plant in Oak Ridge, Tennessee. 
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LANSCE is our signature facility for science in 
;:"\L.lLlLlI rt of Stockpil e 5 tewardshi 
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A history - LAMPF 
• Bethe Panel 1964 

• Full energy beam 1972 

• Scientific highlights 
- Pure neutron/proton states 
- Neutrino Oscillations 
- Parity Violation (p,p) 
- Discovery IVMR in CEX 
- Double analog states in heavy nuclei 
- New proton rich nuclei 
- Spin structure functions 
- Quenching Gamow-Teller 

• 1996 - LAMPF becomes LANSCE 
- Focus on neutrons and materials science 

Theme: a facility with unprecedented capabi lity 
,leads to unima~ine~, app,I!~~~!~~s! 

Alvarez - high power linac - in the 50s he was trying to build a high power acceerator 
at LLNL to breed fissile materials and make trituion - high power neutron source 
Put a pion picture in here? 
Need dates 
A roadmap (pions (pure n, P), pion DCX, mu-egamma, LSND/neutrino oscillations­
neutron source WNR->Lujan n sctatering, parity violation/resonance spectroscopy (­
>Prad ->murad and UCN in parallel 
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LANSCE today provides a unique set of research tools 

Operaled bt LosAtrros N;IIonafSKwty. LLC lathe u.s DepaICrre1 OfEf'ltlVt'l U'&. U N C lAS 5 I fiE 0 

Lujan Center 
• MateritJ/s science tJnd condensed 

mtJtter physics 
• Bio-science, nuc/etJr science 
• NtJtiontJ/ security resetJrch 
• A NtJtiontJ/ BES user ftJcility 

WNR 
• Nuc/etJr ntJtiontJ/ security resetJrch 
• Semiconductor irrtJditJtion 

Ultra-cold Neutron Facility 
• FundtJmenttJ/ nucietJr physics 

Proton Radiography 
• HE science 
• OyntJmic mtJteritJ/s science 
• HydrodyntJmics 

Isotope Production Facility 
• Nuc/etJr medicine 
• ResetJrch isotope production 

LANSCE is a unique and diverse set of premier research facilities for addressing complex challenges 
facing our Nation In national security, energy security, medicine, and fundamental research to highlight 
a few 

Presently composed of five facilites that are driven in common by the 800 MeV proton linac 

At the Lujan center - the 800 MeV protons impact a W target and make lots of neutrons - roughly 20 to 
one. The neutrons are moderated by water (rt) and liquid hydrogen (20 kelvin) and used as a world 
class materials probe and for invesigating low energy nuclear science. 

IPF:ur primary products are 5r-82 (cardiac imaging) and Ge-68 (Positron Emission Tomography 
calibration). Domestically, LANl produces roughly 70% of these isotopes with BNl producing the 
balance. INR in Russia provides some raw 5r-82 material that is solely processed by LANl. Nordion 
(Canada) and iThemba (South Africa) are the only other viable suppliers of 5r-82. We produce at much 
higher volumes. 
Ge-68 is also produced at BNl and a couple Russian sources (Mayak). 

Demand for 5r-82 is growing - up 350% since 2005. Ge-68 is also growing as the daughter isotope 
Ga-68 is being accepted as a new clinical imaging agent. The Mo-99 shortage has accelerated the move 
from CT scans (employing Tc-99m) to PET. Once clinics have made the investment in PET, they will not 
likely return to CT. The 5r-82 15 used in a generator technology. Currently 110 generators are fielded 
each month ..... the owner of the generator technology anticipates that by 5ept 2011 that the number 
of generators will be close to 180 .... the growth potential for 5r-82 is staggering. 
Operated as a DOE national user facility - all research performed is competitively selected by a national 
committee of peers 

WNR - unmoderated target -
UCN - further cools neutrons to nano electron volts - used for fundamental nuclear physics research -
like probing the standard model of nuclear weak interactions. 

pRad - uses the protons directly to dynamically image matter under extreme condition 
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I will focus on three areas 

• Nuclear Science 

• Dynamic materials 

• Neutrons, materials science 

h 
• LosAlamos 

Opef~ed b;' LosAlaTOsI'Uolalsec:IA'T1, LLC lcrthtU.S_ ~C1Enetvf'S~ UNClA.S5 I t IlD 
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Nuclear Science research is performed at many 
experimental areas at LANSCE 

Weapons Neutron Research Facility 

Targef-4 

Prolon Radiography ~ 
~-; LlneB @ 

Linear Accelerator L 
High-energy neutron research 

Single-pulse experiments (Sandia) 
Lead Slowing-Down Spectrometer 
SNS target testing 
Isotope production testing 

/-., 
• los Alamos 

,tIt.rlO""1 l A'OItAIDIIY 

£R-Z ,.....--/ 

Lujan Center 
Low-energy neutrons 

&OR 

. Area A (inactive) 
I LineD 

Gncen~ 
Target 1 

15L 30L 

G:0 
' 7 
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Fast reactors, stockpile stewardship, and nuclear 
astrophysics have similar nuclear data needs 

if 
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Neutron Fluence Shape Comparisons 

Hi' 10" 
Incident Neutron Energy (eV) 

1.E+12 .. 
1.E+l0 

' .. 
• ' .. LANSCE - Lujan 

" 
1l1.E+oa 
~ ... . ... .... LANSCE - WNR 

~ 1.E+06 LANSCE neutro~ ~"' 
Z sources cover eMrgies -'-

1.E+04 continuously from -. 
thermal to eoo MeV '\ 

1 E+02 ' 

1.E+OO 1.E+02 1.E+0<4 1.E+a. 1.E+08 
En(eV) 

LANSCE neutron sources at the Lujan Center and WNR cover the entire 
spectrum necessary to provide high-accuracy nuclear cross sections 
from thermal to 600 MeV 

h 
• los Alamos 

" ... " 0 ..... ' L A.O IIIAto_ " 

Optrafe(tbt lOSAIaroSNOIIOoaIStcLlt1. U.C ltrltle u.s. Dfpatrre1: or Ene"",,, N'6'\ U N C lAS S I'll 0 

Quote some relevant neutron energies: 
Fission neutrons 
Fusion neutrons 
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Enorgy love' Ik<lVl 80 105 d 

Slab" In,f)', SIabI. 
Half·.fo ~ -1ll..!L -1UJL ...2.llL ~ 

Isotope l~ 5tr '51r ,/jOlr ":''"Ir 192" 193jr 190: lr 

NOU1!OO 
(n.2n) (n.2n) (n.2n) (n.2n) (n.2n) (n.2n) 

r9adloos. 
(n,r ) (n.T) (n,l') (n,r) (n,r) (I1.r) 

Figure 1. Chain 01 Neutron. lnduced Reactions on Iridium Used in Radiochemical Analysis 
Neutron-induced reactions 00 iridium isotopes are used to infer neutron fluence by radiochemical analysis of the 
amount of the rad.oactlve .sotopes produced. Natural Iridium conslsbng of the stdble Isotopes 191 and 19) was placed 
'11 the device. The rooooactrve IsotopeS produced In the test Irve long eraough so that they can be recovered by drlil-back 
procedures and then analYZed in the laboratory. The (n.2n) reactions have thresholds of approxim.:Jtely 6 MeV and there· 
fore indicate the fluence of neutroos above this energy. The (/I, I react ions have zefO threshold and indicate the neutron 
nuence generally below 1 MeV. The (n.n 1 reaction on iridJUI1l-193 producing the 10.5-day excited state at 80 keV is sensi. 
tive to neutrons between 1 and 5 MeV. which is the major energy range for neutrons produced in fission. 

"' - ·'A. ~ 
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Many instruments have been developed for 
nuclear data measurements at LANSCE 

GEANIE (n,xy) DANCE (n,y) 

Fission 
LSDS '/ "' to 0 0 h b ISS Ion Ion c am er 

~ jl 
"X', 

~~,. . -""-
.. .r 

h 
• LosAlamos 

N.t.flOPfAl l "'O ItAro ., 

--------------------------------------------
OpeI .. edbiLosAJarrosN;J:ooalSetIl'tt,u.clcrtneU.S. ~«EneIV('S..,.&. UN C i.. A S 51 r ItO 
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Time of Flight with DANCE at the Lujan Center 

Proton Bunch White Neutron Bunch 

/ : C:I~-======--
/~ w,t., M,d."t,,, 

DANCE 

Target 1 - 20 m 

~I ·------------~~-----------

. 

Ep= 800 MeV v p=20 Hz 10 meV < En < 500 keV 

cf> n = 3 • 105 n/slcm2/decade 

DANCE 

160 9aF2 Scintilla tors 
4 Detector Shapes each covering 
the same solid angle 
tv''' 90 % 
( case '" 98 % 

BQF, S'gnal 

/2, 
• los Alamos Heil et ai, NIM A 459 (2001) 229-246 

It's actually supposed to be an epsilon_gamma and epsolon_casc for 
efficiency of a gamma and a cascade respectively. The first is 
the total efficiency for detecting a 1 MeV gamma ray, which is basically 
geometric and thus the same as solid angle. 

The second is efficiency for detecting at least _something_ from the cascade 
(which is the geometric efficiency for a single gamma folded with 3-4 
gammas)--the efficiency of detlt's actually supposed to be an epsilon_gamma and epsolon_cas( 
efficiency of a gamma and a cascade respectively. The first is 
the total efficiency for detecting a 1 MeV gamma ray, which is basically 
geometric and thus the same as solid angle. 

The second is efficiency for detecting at least _something_ from the cascade 
(which is the geometric efficiency for a single gamma folded with 3-4 
gammas)--the efficiency of detecting the full cascade is actually quite 
a bit lower--J'd guess it is about 40%, but that's a really rough 

number.ecting the full cascade is actually quite 
a bit lower--I'd guess it is about 40%, but that's a really rough 
number. 
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Effect of DANCE Selection on Q-Value and 
Mul tiplicity 

~ ... - • - "1 

--:I{'-" ,-,' ::-Dj-:-:,~::-:'r""EC:-y:7"i""-"kl) 

~II a,n~. ~ Culs 

t 

11.10 !O'MNI 

• All measurements are from a 50 mg 
sample of 203TI. 

• No subtraction of elastic background 
has been done. 

• While the losses in efficiency are large. 
A he enhanced SiN is worth it. 
/~ 

• LosAlamos 

IUIUI 
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Cross Section Measurement of 241Am(n, y ) 

IO:r-----------~--------~---------~----, 

~ Ill ' 

.Q Alamos 
",,110""'1 ~""OIt"'lO.V 

HI III 

I).\,n, 
"'DF/II-\" 11 .11 
JITf'· .\1 
JE'DL . . ' .1 

Jandel el 01. Phys. Rev. C 78 034609 (2008) 

--------------------------------------------------~ 
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Measurements for the weak s process 
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• New activation measurement on 
6zNi adjusted abundances 30 
mass units down-stream 

• Cross sections for the weak 5 

process are 

• small 
• difficult to calculate 
• likely non-statistical 
• Individual resonances and 

DC likely play a role 
Impact propogates 

• Multiple measurement 
techniques may be needed to 
understand the weak 5 process 

Nassar et al. PRL 2005 
------------------------------------------~ tr.J&."sri'ftJe24 Opa'kdIJlfI.MAIiWTD$NUnalSttutt.lLClortheUS~d EntfPt'stf..SA UNC L ASSrt lEO 

hese are abundance calculations from the weak s-process. The weak s-process operates in > "'~ 
an shell carbon burning. It is responsible for the s-process production of isotope in the 60<A<9 
panels is that the upper used a 15 solar mass star for the calculations and the lower used a 25 s 
but it is cluttered as for any given element, it can have multiple masses and for any given mass, 
element, and the line connects isotopes of the same elements. 

Each dot is a actually the ration between two calculations--the only change between the two is 
axis is the ratio between the abundances calculated using "standard" cross section and the ne~ 
abundance of a certain isotope is unaffected by the 62Ni cross section (Fe and Mn e.g.). A ratic 
isotope is produced with the new cross section than the standard one. 

The solid dots are from a cross section of 28.4 mb (which was the value measured in this work, 
of 35.5 mb. The standard cross section was 12.5 mb. These are aliMaxwellian averaged cross s 

There are (at least) two things that were really surprising about thiswork. First, for the main S-I 
changing a single cross section, even by more than a factor of two, usually only affects the abur 
because the mass flow is in equilibrium. The fact that one cross section changed so many isoto 
nuclear physics challenges of the weak s-process. The other surprise is that the cross section rE 

accepted uncertainty in the case of 62Ni was about 20%. There was a reason to re-visit it as th. 
they were not reflected in the uncertainties. Some of the challenges have been listed on the sli 
isotopes in this region exhibit similar propogation effects and there are several cases in this rna 
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December 2010 DANCE Measurement on 63Ni 

• 63Ni controls the 
abundance of 63CU, 

,setting the local 
production scale 

• Resonances sit in the 
regime of astrophysical 
interest 

• This first measurement 
was performed with a 
sample 11% enriched in 
63Ni 

/-2., 
• los Alamos 
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Ph . O. project of M. Weigand, Univ. of Frankfurt 

O~btl..Os"'IiiIn'OSN;W'\aIStCl.ltf.u.cfohUS~dEnetIi1'I·$~~ UUt.lt.. !t tot 

he 63Ni is recent work 
for the weak s-process. That work was done with Rene Reifarth and Mario 
Weigand who may well be in the audiance. 
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I will focus on three areas 

• Nuclear Science 

• Dynamic materials 

• Neutrons, materials science 

/-., 
• los Alamos 
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LANSCE 800 MeV proton radiography facility 

I o~ 

t = e -~ (1 - e -; ) 

?, 
• LosAlamos 
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pRad allows unique studies of high explosive detonation and 
equa tion of s ta te 

-Corner Turner 
-Rate Stick 
-Colliding Detonation Waves 
-Failure Cone 

• Measure the detonation and 
shock wove locations as a 
function of time. 
-EOS parameters 
-HE detonation dynamics 

EriG Ferm 
28 
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~ignificant consequences 

""-- - . 
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A recent proton radiography movie shows features of the 
ignition mechanism 

• Hot spot develops, initiated by laser 
pulse 

• Ignition propagates along cracks 

J'~Alamos • Reaction burns remaining materiQI 
• "" 0'" "'0""0"' L. Smllowitz and B. Henson 

oper ... td Dr lDSAIOIn'OSf\.IIlmaIsecU1Y. L1.C lcrhU.S. ~()fEneIVf's rl'&' UN C i.. ASS I FIE 0 

Heated with heating coils 
Starts to thermally run away (T increases exponentially) 
Laser pulse injected at midpoint to ensure it initiates in coincidence with beam 

Proton with a ring - more flexibility in when a pulse is delivered - would help this 
work 
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pRad sheds light on spallation process 

;. 

h , 
• los Alamos 
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84,85 lower Aluminum 
90 right Tin 

Copper 
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'1 .. ~ .. 

J 

Tin 

Metal 

D. Holtkamp 
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pRad has been used to study the development of 
a Richtmyer-Meshkov (RM) instability in molten 
tin 

The target has a sine wave machined in its lower face 

32 

Prad181.avi 

(w. Buttler) 
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We use gas shock tube measurements to understand 
the physics of mixing, transition and turbulence in 
shock-driven unstable flows 

". 
L \,~"I( W " 1 I 1')/'11 \t ...... , 
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Density Field 
(Planar Laser Induced Fluorescence) 

" 
e 
e -16 

" 

'" o 

Velocity Field 
(Particle Image Velocimetry) 

10 IS 10 6 3G 
Ymm 

First experimental measurements of turbulent Reynolds stress in shocked Richtmyer­
.0eshkov turbulent flows have been made at the gas shock tube in Los Alamos 

• los Alamos 
HATtO "'Al l" ,OIl .. ,OII'l' 

------------------------------------------------~ 
rN~ .. &. 

The horizontal shock tube uses optical laser diagnostics to look at the evolution of the 
mixing of a heavy gas curtain of SF6 surrounded by air. The shock moves along the 
tube in the x direction (streamwise). Y is the spanwise direction, and z is the vertical 

direction. Measurements of density and velocity are in the x-y plane . 

.. 
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Shock moves from left to right, then the flow evolves over time to become turbulent. 
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Dynamic tensile extrusion and incipient spallation 
experiments are informing predictive model development 

I . -~ - - - POV velocity 
profile of IncIpient 
spall 

• Unlike simiklr experiments on Cu and To. OU breaks up into greater than 5 pieces and break appears to be shear 
dominated during dynamic extrusion 
• Incipiently spalled DU shows tensile cracking ond severe plastiC shearing often associated with inc lusions and no evidence. 
of microvoid format ion and coolesc-cnce 

Predictive modeling of dynamic damage evolution in OU requires complex shear processes to 
be described in next generation coupled strength / damage models under development 
, ) 

• los Alamos 
HAflO "l ... ll .... OIl ... rolty 
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In-situ Monitoring of Melting and Solidification at 
Temperature Extremes Using 800 MeV Proton Radiography 
(pRad) at LANL (August 2011); AI-In, Ga-Bi, AI-Cu, Sn-Bi 

Example images obtained during melting (upper images) and 
solidification (lower images) for a 6 mm thick AI-In sample 
using pRado Darker regions are In-rich. A movie is provided 
on the right. 

A 
Los Alamos 
NATIONAL LABORATORY 

Approximately 10 micron resolution 
would be achievable using 4.5 GeV 
proton radiography at GSI. .. 

Advantages of pRad at LANL: 
-Time-resolved imaging 
-Large field of view 
-Interrogation of thick samples 

Smm 

(1 - 6 mm examined in the current work) 
-Ability to examine high density 
materials 
Disadvantage of pRad at LANL: 
-Spatial resolution of -65 microns __ EST. 1943 ______________________ --"--___________ _ 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA -···~Q'Al ///I V &.'f~. 



I will focus on three areas 

• Nuclear Science 

• Dynamic ma terials 

• Neutrons, materials science 

~ 
• LosAlamos 
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Lujan Center: 16 flight paths, 11 neutron scattering 
instruments 

~I.'ARTS ·Re 'lid! 

Slress. Oct· rm.ltl n' 
Ph s[ 

Inelastic 
Scaltenng 

Protein 
Crystallography 

Transition to materials story 

Why neutrons? (get Mason Physics today) 
-thick samples - penetrating power 

EB-2 

r 

H.gh 
Resolullon 
!'1claSIlC 

-sensitivity to different materials (not zI\2); can see light stuff (I.e. Hydrogen) 
- wavelength - .... 

What is Lujan 

Uniqueness: 
Instruments 
Source (# neutrons) 
Actinides 
Classifed 
Environments 
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SMARTS: Spectrometer for Materials Research 
at Temperature and Stress 

• Neutron powder diffractometer optimized for 
engineering structural material research. 

Stresses to 2GPa. 

90K-2000K 

Tension, compression, fatigue 

1 mm spatial resolution 

• Materials application examples 

- Residual Stress 

- Deformation mechanisms 

- Phase transitions 

• User program 

- -50 external user experiments 

- -10 DP experiments 

- Competitive selection 

h 
• los Alamos 

h Af'O """ll A, .O Il,uOJlY 

Oper"ed~LDsAlaTOSNi;lIOn3I5etutt'. u.cltthU, S ~0IEr'e1'9l'S U'&. UN C L.AS 5 I fiE. 0 
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LANL and SMARTS have unique capabilities 

• Neutrons will characterize the 
bulk structure allowing analysis 
of engineering components. 

• X-ray radiation will characterize 
only the surface which often 
contains a damaged layer. 

• Non-destructive 

• Ability to perform complicated in 
situ experiments. 

Temperature 
- Tensile and compressive 

loading 
- Hydrostatic Pressure 

• Demonstrated ability to perform 
experiments on classified 
components. 

I" 
i 

, '. 

;'. :!:: ~ :. :. ........ ~-:'. ,,' . 
Ell"! •• , •• ••• • P>o u ....... . 

~ r.a.. ,.~. . . . ...... . 
~ ..... i: : .. . 

1')' • 

Integration with other capabilities at LANL. e.g. manufacturing. characterization. 
h code development. is required for us to succeed in our stockpile stweardship mission . 

• los Alamos . s", •• o 

O$:leiledbjL.os~NU.InaI5e(:Uft'.u..cICl'tneU.S , DtpaNrIr1(tEneI9f'lif'.fl&t UI'tCLASS!IIED 

Campaign 4.2 (Radiation Case Dynamics) 
Developing valid constitutive models for use 
in latest codes predicting performance 

Enhanced Surveillance Campaign 
Lifetime prediction of U-Nb alloys 
Deformation prediction of U-Nb alloys 

Material Characterization for Hydrodynamic 
Testing 

Deformation prediction of test components 
Helping to resolve manufacturing issues 

Pit Certification 
Measurement of Be weld residual stresses. 
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Neutron diffraction shows importance of twinning 

600 MPa 
U - 6 wt.% Nb 

.~~~~~~~~ 
0.00 • . OS 0.1t 0.1$ O.lO 0.25 0.30 U S 040 --

Constitutive materials models must include these twinn ing 
mechanisms. 
~ 

• Los Alamos 

Change in the intensity if of lines corresponsing to either d spacing (or 2 theta) and a 
function of strain 
In situ tensile straining of U - 6 wt.% Nb part shows twinning to be the predominant 
deformation mechanism at low strains 

Twin boundaries occur when two crystals of the same type intergrow, so that only a 
slight misorientation exists between them. It is a highly symmetrical interface, often 
with one crystal the mirror image of the other; also, atoms are shared by the two 
crystals at regular intervals. This is also a much lower-energy interface than the 
grain boundaries that form when crystals of arbitrary orientation grow together. 
Twin boundaries are partly responsible for shock hardening and for many of the 
changes that occur in cold work of metals with limited slip systems or at very low 
temperatures. They also occur due to martensitic transformations: the motion of 
twin boundaries is responsible for the pseudoelastic and shape-memory behavior of 
nitinol, and their presence is partly responsible for the hardness due tq quenching of 
steel. 
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Incorporation of twinning in the mechanical threshold stress 
(MTS) constitutive model will improve 3D code simulations of 
performance 

, . • .. .. .. ~ • ". r 

"'" 

Slram.L 

• Taylor experiment is used to validate constitutive 
model. 

• Original MTS model correlated poorly with 
experiment. 

• New MTS model (with twinning) agrees well with 
the experiment. 

• Use of this new model in 3D codes will improve 
h performance predictive capability . 

• Los Alamos 
"."0 .... ( lA.O II AfOIl'f 

Tn "'" ~Ir::ti" 

Taylor test - rt circular cylindiner into an anvil (u6Nb) 
Color - intensity of strain 
Old - simple monotonic 
Understanding deformation behavior of shape 
memory materials 

U-6%N b (LAN L) 
NiTi based materials (U. Central Florida and 
NASA) 

Residual Stress Measurements in Welds 
Be (LANL) 
Zr (Austrailian Nuclear Science and Technology 
Organization) 

Understanding Twin Deformation Mechanisms 
U-6%Nb and Be (LANL) 
Mg (U. Virginia) 
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Mechanical behavior and HE-driven fragmentation of 
U-6Nb show strong influence of metallurgical state 

L:\ 'il Solution Ircat~d C)ur.:'lIch~d 
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Process-aware u~ding of materials performance is lacking 
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Basic Science -> Application -> Additional Application 

• The basic science experimental capabilities left by 
LAMPF were developed into important new tools for 
stockpile stwedardship 

• These capabilities were applied to a variety of other 
applied problems 

• In addition - a spectrum of basic research is still 
supported by these facilities 

I will present two examples: Single Event 
Upset studies and Muon Tomography 

h 
• los Alamos 

Oper»tdb;' LosAlaTOSN.tJona15ecIdt',UC lahu.S. Dep;artnwa~EneIVf'S""'JSA. UN C LAS S 1 f! [0 

Isotope production??7 
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Single-Event effects are an important concern for the 
semiconductor industry 

• Neutrons are produced by cosmic rays in the upper 
atmosphere 

• Neutrons have long mean-free paths so they penetrate to low 
altitudes 

• Neutrons interact with Si and other elements in the device to 
produce char!;led particles 

• Charged particles deposit charge in the sensitive volume 
whiCh can cause the state of a node to change 

Ntutron flu. at Los Alamos and LAHSCElWNR 

Depletion Region 
Sensitive Volume 

Charged Secondorles 
(protons. alphas) 

A 
• los Alamos 

","110,",,"( I .... O II .. 'O~. 

Neutron 

ecoiling 
Nuclear Fragment 
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I 
10·' L.. 

1 10 100 

Neutron Energy (MeV) 

_. 

1000 

Nel(tron Singl~ Event Effectsf(SEE) are f.aults in electronjc I 
devices caused by neutrons rom cosmic raysTypes ot smg e­
event effects 

Soft errors 
Single event upset 
Multiple event upset (a few % of SEU rate) 

Hard errors 
Single event latchup 
Single event burnup, gate rupture, etc. 

High power devices: IGBTs 
Firs~ ~xp~riments were performed by the Boeing Co. for 777 
certification 
Industry trends to lower voltages and smaller feature size are 
thought to increase the failure rate due to SEE • 
Similar devices have very different failure rates 
The failure rate due to SEU is equal to all the other failure 
modes combined 
Semiconductor reliability is growing concern in industry 
Neutrons induced nuclear reactions create charged particles. 
G
I 

eoerated charge collects in depletion region and generates a 
oglc upset. 
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Current border protection for nuclear threats 
is weak 

• Shielding can obscure 
passive signal 
- Portal monitors are great 

for detecting innocuous 
radioactivity 

- The absence of a signal 
doesn't prove the absence I 

of a threat 

• Radiography should be the 
primary screening method 

H ... tIO"'Al lA.OIIA'OIlY 

---------------------------------------------------
Opetaltdbl'LosAtaTosNitOOal8etIMTt',ll.CICltneU.SDepartmerlCiEnefl1t'S/-lI&. UNC,-AS~IIIf.U 
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235U shielded by 2.5 cm of lead cannot 
be passively detected! 20 kg LEU 15 em HDP 

6000 

5000 

§ 4000 

% 3000 
c: 
Ii 

.J: 

~ 2000 

~ 1000 

o 

• LosAlamos 
H ... H OIrf" " L .'O~.4I0.V 

- 235U 

- 235U in Pb Box 

- Background 

200 400 600 800 1000 1200 

Enerev (keV) 

20 minutes of running 
The amount of 235 U in LEU U 

2.5 em Pb 

·Oata were obtained by 
subtracting background and the 
mU signal from a 20% enriched 
20 kg sample of uranium. 
·The is no practical detectable 
passive signal from shielded 235U 

Skin thickness - couple mm - all gamma rays come from the surface 
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Charged particle radiography with 
cosmic rays 

-- Muon 

- Elec:tr¢(l 

- y 

h 
• los Alamos 

"AflO"''''! l ""ORAfO.llV 

Range 
Useful for pyramids 

Energy loss 

• As primary cosmic rays strike our 
upper atmosphere, they interact, 
producing showers of particles 
including pions (t=26 nsXhadron) 
which decay into muons (t:2.2 msec) 
(lepton) 

• Muons interact only through the 
Coulomb and weak force and thus 
have a large penetrating ability and 
are able to go through tens of 
meters of rock with low absorption. 

• Muons arrive at a rate of 10,000 
per square meter per minute (l/cmz/ 
minute). 

Most sensitive but expensive 
Multiple scattering 

Cost effective and simple 

48 



What does a scanner look like? 

• Technical approach: 
- Measure passive radiation 

- Use muons to generate 
"scattering density" image 

') Built in momentum measurement 

') Automatic calibrat ion using flux through 
empty detec tor 

- Combine signals to identify 
threats 

• Advantages over other methods: 
- No radiation 

- Simple technology 
- Inexpensive 

- Can penetrate thick cargos 
- Automatic Identi fication 

/--, 

· ~~~!~rr~~~~ .. ~~~~~~~~~~~~~~~~~~~~~~~~ O~"fIOt:JJ'lm~ 

Briefly Describe: 
1) Technical approach/ method 
2) Key technical challenges / risks 
3) Risk management strategy 

Include a sketch if possible 

49 



Muon Tomography has been demonstrated at scale 
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Summary 

• The science and technology applied to stockpile 
stewardship is essential in maintaining eTST 

• This work builds on basic science work, e.g. LAMPF 

• SSP includes furthering our understanding of certain 
physical phenomena (e.g. material behavior in dynamic 
extremes) and well as improved physical data (e.g. 
cross sections) 

• All this is encorporated in computational models 
requiring extensive high performance computing 
capability (e.g. Roadrunner) 

• The new capabilities developed lead to further 
h applications and new basic science capability 

• LosAlamos 
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LANL's science capabilities 

P\\)··~ 
" ' ...... ---~ . -

Computational Physics & 
Applied Mathematics 

Weapons Science 
& Engineering 

High-Energy 
Density Plasmas 
& Fluids 

A 
• los Alamos 

I'$A110H" \ l ..... O .... fOIlY 

Computer & 
Computational 
Sciences 

J~ 
Chemical Science 

Materials Nuclear Engineering 
and Technology 

Earth & Space 
Sciences 

---------------------------------------------------
Ope!1led 111' LosAI:an'eSNaIIcNISttuty.UCfOfItle U S oe~dentlQ''$N''&\ UN C LAS S i FIE 0 !IV .. ~~ 52 

Thirteen total capabilities in 2011. 
Additional HED, computer and computational sciences, NPAC, nuclear 
engineering and tech, and sensors, remote sensing and sensor systems. 



spares 

h 
• LosAlamos 

,. 4T IO " .l l "'O Il A 'OIll Y 

---------------------------------------------------
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---

Boosted fission weapons 
chain reaction 

use fusion to enhance the 

E_&impl~ !H • :H .... :He1' n 
{T .. 0 ..... ; H ... n, 

B.for. : ~~ 

After: 1" ,1 "'-vt 

.-:<J ~I !!!.-: I 
P'''.vj 

Other r.actions of interest: 

0 +0 -.. ~ H .... n+3.2MeV 

o .. 0 ..... T .. P .. 4.0 MeV 

o .. ~ H. ~ P" ;H . ... 18.3 MeV 

1.T ...... :H.+2n+1' .3MeV 

Mixture of deuterium and tritium (boost 
gas) is introduced from a reservoir to pit's 
central cavity 

Duri ng implosion, boost gas is compressed 
along with the fissi le material 

Oriven by energy from fission, 0-T fusion 
occurs, flood ing compressed pit with high 
energy neu trons 

• These neutrons produce additional fissions, 
h driving nuclear yield to much higher values 

• los Alamos 

·0 ,----------------, 
9 - .• ,." ... ...... 

--1-
·~~3~~'-~;-~.-~·7. -~.J~~.,-~. ,. 

Energy (MeV) 

""'TIO 'W AI\ '\~~~ "_'_'O_'_' ________ ________________ Energy {MeVJ 

OI)efDdbf l.DSAIaTIlS Nao'raIS«\.d1, Li.C 1a1tle us. DepadrmtmEneIW'S N'1SA. UN C LA 5 S I f! E U 

As incident neutron energy increases, 
the cross section (and probability) for 
causing a fission event increases 

tl\US"'!:. 
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Then and now: how we take care of the stockpile 
---

~-~ 

Fundamental Olt. 

C«nput"ti_1 Models - sets of equations 
describing yorious weopons 
phenomenology ond numericol solution 
techniques 

Redietion/HydrodynCllllics 
Neutronies 
Thermon"clear b"rn 

Physlc,,1 D"t" - unique for eoch moterial 
Neutron cross HCtiOlll 

E"""tion of Itet. 
Opecities 

N<1nnuc/."r "nd Nucl."r T.st Data -
A aded to overcome our lock of full 

• lO5lA/IiFROS 
",U,O"At IA.c .... ro.' 

castle/Bravo: tested 2/28/54 at Bikini 
Largest US detonation at 15 Mt 

55 
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Techniques to stabilize Pu were required 

Gall ium homogenizes during annealing: 

~
""'=- • .,--

. - ~ 

~ . ..L · . .. . 

• los Alamos 

Adding small amounts of gallium 
dramatically changes plutoniums 

-"-

-'::J~---::"':!:-'---''::'''---:'''~'~----::-!'C3 
Tfft'I09f~.ur. ' c) 

few atomic percent gallium is typically added to plutonium to retain the facecentered-cubic phase, 
which is easily shaped into components. However, as Pu-Ga alloys cool during casting, gallium 
segregates and leaves a nonuniform distribution across the metallic grains. 
This sequence of micrographs demonstrates gradual gallium homogenization 
during annealing for long times at 460°C. 
The as-cast sample on the left exhibits regions high in gallium in the grain 
centers (etched to appear very light). At longer times, the gallium concentration becomes more 
uniform, as 
demonstrated by the more uniform coloration within the grains. After720 h, the sample is completely 
uniform-the variations from grain 
to grain result strictly from differences in crystalline orientation. 
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LANSCE contributes to multiple weapons physics issues 

WNR 

pRad 

STS 

:HE structu,.. . Ie 
: EOS. 491ng. 'he~Mm",. 
~ p,o".!ti.. co".,/tut/!W p'o"." .... 

Ih,.,ials. s/loeb, aging. 
hydrodyMinic • . friction! 

sh •• , 

h 
• los Alamos 

Tie' trJ 
wupons 

prwdictive 
,ciflllce 
rDadmtJp 
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Orientation imaging Microscopy is a powerful tool to guide 
process optimization 
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This shows how we are using OIM generated by Electron 
Backscatter Detection (EBSD) to optimize the heat treatment 
schedule for wrought DU used in hydro experiments. 
GAM measures the deviation from ideal atomic alignment, which 
tells us if there is retained plastic strain within a given grain. GAM 
has enabled quantification of the recrystallization process, including 
statistical analysis, as shown. Even in ideal conditions, there are 
defects, which is why anything below 1 is considered recrystallized 
(never gets to zero). 
On left, note deformed crystal structure still reflecting wrought 
condition in early stages of recrystallization. There are patches of 
small equiaxed grains starting to form. 
On the right is a longer heat treatment in which there is a tight 
distribution of small equiaxed grains and much fewer of the 
deformed grains remain. It takes ~ 100,000 seconds at 450 C to 
become fully recrystallized which is the desired condition. 
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Parity Violation to Neutron Resonance Spectroscopy 
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Lower figure is neutron transmission through a thick 238 U sample. Dip is a specifc p­
wave resonance. 

Up·per figure is the asymmetry the differenc ein helicyt states divided by sum 
(T+ - T-}/T+ + T-) 

A non zero value indicates parity violation. Many case were observed in U, Th, Cd, etc 
at LANSCE flight path2 
These were made with sample coold to LN2 temperature to reduce Doppler 
broadening. 

On Right: 

Same detector setup measures transmision through sample doped with resonsnce 
conatining isotope. 
Width and location of resonance changes in shocked material - indicating heating. 
Width changes due to Doppler boradedning. 

59 



World Record UI tra Cold Neutron Density 
6/29/00 
EPICS counting house - on-line results 
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Results from UCNA 
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Controlled functionality in materials would reduce 
cost and increase confidence for the stockpile 

structure and 
Composition 

Synthesis and 
Processing 

• Current stockpile 

• 

• 

- Prediction of materials 
lifetime & failure 

Rebuild & Lifetime Extension 
- Materials 'by design' rather 

than re-Iearning old processes 

Weapon performance 
- Effects of microscale 

materials properties on 
dynamic performance for key 
physics 

Move from process-based certification towards product-based certification 

h 
• los Alamos 

,.41. 0 "1"'( l "'O.AIO~~ 

OpefarfdbfLosAla"r09~StcIft1. LLC lcrmeu.s ~~EneIVf'S~ UN C LAS~ I fIt. 0 

For fixing issues, extending lifetime, or considering advanced concepts 

Remind about NPR 

We must move from structure ~ property paradigm 

To a new paradigm of function ~ structure 
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Neutron diffraction measures residual stresses in zirconium 
and beryl I ium welds 

Zirconium 
Longitudinal Residual Stress 
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Diffraction measurement of residual stress is complicated in 
hexagonal close packed metals by the anisotropy of the crystal 

h structure . 
• LosAIi:lIIKr.> 
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User: MClurice Ripley (ANSTO in AustrClliCl) 
- relevClnt to clCldding of nucleClr fuel rods. 
User: Don Brown (LANL) 
- relevant to pit certification. 
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Improved cross section data is needed for 
reducing uncertainties 

Nuclear data is needed for: 
Experiment and theory for IO.S-day half-life l"lr 

Energy production 
Fission cross sections on Z39PU 

Neutron and gamma roy 
outputs following fission 

- Neutron-induced reactions 
on · li- tritium production 

- Reaction rates on fission products 
Effects of isomeric states 

Radiochemical diagnostics 
Early time (n,2n) reactions give information on 
device performance 

- Late time (n,y) reactions are important for 
understanding (n,2n) reactions and late t ime 
neut rons 

Other diagnostics 

' .. 'h ' • . n·t'· .... ', 

• ~.~ .. >I!~ ........ -... 

.t Difficult new measurements of nuclear reaction rates help us reduce simulation 
. l uncertainties and better exploit data From past nuclear tests 

MeV neutrons important for weapons 

_ 1'2'1 

- \"1 

/ "Q 
'< decay 

WNR unique in its ability to simultaneously cover the entire energy range (white 
source) 
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Higher precision is needed in 239Pu(n, f) reaction 

Current uncertainties are at least 2-3% 
below 14 MeV. Goal is a 1% absolute 
measurement. 
Past fission measurements used ion 
chambers 
Ion chambers only record pulse height 
and time 
The Time Projection Chamber will not be 
subject to the sys tema tic errors 
associated with past measurements 

hJl 

• TPC will provide 3D "pictures" of the charged particle trajectories 
Alpha backgrounds removed 
Sample auto-radiograph (a particles) 
Beam non-uniformities 
Multi-actinide targets 

• TPC will use thin backing foils «50l'8IcmZ) 

Minimize beam interaction backgrounds 
Maximize efficiency 
Minimize multiple scattering of fragments 
Hz drift gas will also minimize scattering 

• TPC will provide data on both fission fragments simultaneously 
Random backgrounds removed (vertex requirement) 
Fission vertex with <l00!!m resolution (fission radiograph) 

, ., 
\ , 
\./ 
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Chanile " :'\ u rnber 
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Turbulence models require experimental validation 

i/pK apKu" ap R au; a (_ aK) _ K"2 
-- + --- =(1,, -- - i"-,- + -,- pV, -- -P--

aT ax" ax" ax" ax" ax" S 
, .... .I~ ~ 

Production (exact) Diffusion Dissipation 

In order to measure components of the 
Reynolds Stress, Rij, simultaneous density 
and velocity measurements are needed: 

Density Field (Planar Laser Induced Fluorescence) First experimental measurements in the world of 
turbulent Reynolds stress in shocked Richtmyer· 
Meshkov turbulent flows have been made at the 
gas shock tube in Los Alamos 
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._ ~ • 0 Besnard, F. Hartow, R Rauenzahn. C Zamach. 1992. "Turbulenoo Tra:lsport EQuatiMS for Variable­
':!"Itl Density Turtlulence and Their R~latlOl'lShip SO Two-Field Models. los Alamos Report LA-12303-MS. 

LANL RAGE code uses a variable-density turbulence RANS model that was developed 
at Los Alamos*- but it needs high-resolution turbulence measurements for validation 
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