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The Lawrence Livermore National Laboratory (LLNL) Nuclear Science Summer
Internship Program (NSSIP) is designed to give both undergraduate and graduate
students an opportunity to come to LLNL for 8 weeks during the summer for a hands-on
research experience. Each student conducts research under the supervision of a staff
scientist, attends a weekly lecture series, interacts with other students, and presents their
work in poster format at the end of the program. Students also have the opportunity to
participate in LLNL facility tours (e.g. National Ignition Facility, Center of Accelerator
Mass-spectrometry) to gain a better understanding of the multi-disciplinary science that is
on-going at LLNL. A summer highlight is a weekend trip to Yosemite national park,
where the students enjoy a weekend of hiking and socializing.

Currently called NSSIP, this program began eight years ago as the Actinide Summer
Program. The program is run within the Glenn T. Seaborg Institute in the Chemistry,
Materials, and Life Sciences Directorate at LLNL. The goal of NSSIP is to facilitate the
training of the next generation of nuclear scientists and engineers to solve critical national
security problems. We select students who are majoring in physics, chemistry, nuclear
engineering, chemical engineering and environmental sciences. Students engage in
research projects in the disciplines of actinide and radiochemistry, isotopic analysis,
radiation detection, and nuclear engineering in order to strengthen the ‘pipeline” for
future scientific disciplines critical to NNSA.

This is a competitive program with over 170 applicants for the 15-20 slots available.
Students come highly recommended from universities all over the country. For example,
this year we had students from UC Berkeley, U Michigan, Stanford, Columbia
University, Georgia Tech, UC Davis, Reed College, Middlebury and MIT. We advertise
with mailers and email to all the nuclear science and chemistry departments in the U.S.
We also host students for a day at LLNL who are participating in the D.O.E. sponsored
“Summer School in Nuclear Chemistry’” course held at San Jose State University.

This year students conducted research on such diverse topics as: cryogenic neutron
spectrometers, nuclear forensics, cladding for advanced fission reactors, sorption of
radionuclides, principal component analysis of spent reactor fuel, semiconductor
detectors, actinide separations chemistry, and anti-neutrino monitoring of nuclear
reactors.

Graduate students are invited to return for a second year at the mentor’s discretion. For
the top graduate students in our program, we encourage the continuation of all
collaborations between graduate student, faculty advisor and laboratory scientists. This
creates a successful pipeline of top quality students from universities across the U.S. To
date, 15 graduate students have continued to conduct their graduate research at LLNL.
Three recent career hires were former summer students.



Seminar Schedule 2006

Wed June 21

Ken Moody, LLNL

“Nuclear Forensics”

Wed June 28

Mike Pivovaroff, LLNL,

“From High Energy Astrophysics to
Homeland Security - Making the
Link”

Thur June 29

Armando Alcaraz, LLNL

“Forensics Sciences and national
security at LLNL”

Wed July 5 Rick Ryerson, LLNL “Raising Tibet”
Thur July 6 John Perkins, LLNL “Fusion, the Ultimate Energy
Source”
Tues July 11 Mike Carter, LLNL “Countering Nuclear Terrorism - A

Grand Challenge in Homeland
Security”

Thurs July 13

Ed Moses, LLNL

“NIF, The National Ignition Facility”

Wed July 19 Bob Criss, "Earth's Radioactivity, Heat Flow
Washington University and Convection"
Thur July 20 Bob Maxwell, LLNL “Nuclear Magnetic Resonance
Center”
Tues July 25 Eric Gard, LLNL “Bio-Aerosol Mass Spectrometry”
Thur July 27 Alex Hamza, LLNL “Nanomaterials Synthesis and
Characterization”
Wed Aug 2 Glenn Knoll, “Fundamentals of Radiation
University of Michigan Detection”
Thur Aug 3 Jim Rathkopf, LLNL “Principles of Nuclear Weapons
Physics”
Thur Aug 10 Jon Maienschien, LLNL “High Explosives Research”




Summer Students 2006

Student Major University Year

Amy Coffer Nuclear U Michigan Undergrad
Engineering

Bhushar Mookerji Physics/Electrical | MIT Undergrad
Engineering

Elaine Hart Materials Science | Stanford Graduate

Daniel Heineck Electrical Oregon State University | Graduate
Engineering

Greg Brennecka Nuclear U Rochester Graduate
Chemistry

Jeremy Waen Chemistry Reed College Graduate

John Clements Environmental Clemson Graduate
Engineering

Kevin Stein Physics UC Berkeley Undergrad

Martin Robel Nuclear UC Berkeley Graduate
Engineering

Paul Koster van Groos | Environmental UC Berkeley Graduate
Engineering

Rion Graham Physics UCLA Undergrad

Tsuguo Aramaki Physics Columbia Graduate

William Coleman Physics LSU Graduate

Shadi Ghrayeb Nuclear Rensselaer Polytechnic | Undergrad
Engineering Institute

Alex Johnson Nuclear Georgia Tech Undergrad
Engineering

Nathanael Kuo Electrical U of lllinois Undergrad
Engineering

Benjamin Westbrook Physics U San Francisco Undergrad

Ryan Till Mechanical U Arizona Undergrad
Engineering

Megan Brinkmeyer Chemistry St. Mary’s College Undergrad




Unfolding a Cryogenic Neutron Spectrometer

Amy Coffer, Nuclear Science Summer Internship Program

Thomas Niedermayr, |-Div, Physics and Advanced Technologies
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The optical constants of Gallium stabilized d-phase plutonium metal
between 0.7 and 4.3 eV measured by spectroscopic ellipsometry

=

using a double-windowed experimental chamber

Glenn T. Seaborg Institute

'Undergraduate Summer Institute

Bhaskar Mookerji'2 and Wigbert J. Siekhaus?®

2Massachusetts Institute of Technology; Cambridge, MA 02139

2Material Science and Technology Division, Chemistry and Material Science Directorate, LLNL; Livermore, CA 94550

Abstract
A double-wi d tight experi i s Rt

d on the sp ic ell over the energy range from 0.7 o 4.5
eV using a silicon wafer wllh pp ly 25 nm oxide thick to remove the

multiple-window effects from measurements, The ellipsometric measurements
were done such that incident and exit beam were at 65 degree from surface
normal. The plutonium sample (3 mm diameter, 0.1 mm thick) was electro-polished
and mounted into the sample chamber in a glove box having a nitrogen
atmosphere with less than ml]p-pm mmslure and oxygen content. The index of

fraction n and the extincti k

from 3.7to 1and 5510 1.1

respectively as the photon energy increases from 0.7 to 4.3 eV,

Introduction

The optical (nand k, i of

and

) of plutonium metal are of scientific and practical interest, but not readily avalabha
They are u.frnuﬂ to measure, becauss only small quantities can be handled since

the ial is highly M . safety regul
plutonium be doubly contained at all times.

require that

To accurately measure these properties, we first design a double-windowed
experimental cell that secures a plutonium sample. A variable angle spearoswplc
ellipsometer (J.A, Woollam Co., In. Lincoln, Nebraska 68508) will then be calib

!D apply numerical corrections ai measurement 1!"18 to account for systematic errors

d by d Pyrex LA

Experimental Methods and Analysis

Design of the Experimental Chamber

y on similar

Sample Preparation
and Window Calibration

The Pu sample was mechanically and
electrochemically polished in a moisture-
free, N, glove-box, The sample was
approximately 101 ywm thick and 3mm in
diameter. Transmission electron

The experimental chamber holds the Pu sample in
two separate enclmures and ensures its prs(:se and
ducibl on the elli 's working
plaﬂcrm The doubled Pyrex windows exposes 3mm
wide samples to light incident at 65 degrees relative

In the

an oxide Ihicknass of a few nm.

Before the Pu measurement, a silicon
wafer standard (3mm @ with a 25 nm thick
5i0, layer) was cleaned in air using
acetone and was then mounted
horizontally in the bottom of the
ellipsometer cell. The cell and silicon wafer
were then mounted vertically in the

The two figures show experimental data taken from a 1em? oxidized Si waler
mounted first in air, and then in the experimental cell. A model consisting of bulk
silicon, a 1 nm thick Si/SiO, interface layer and a SiO, layer of adjustable thickness
was applied. In the cell, the measured oxide thickness (25.808 +/- 0.018 nm) did not
differ significantly from the given value of 25.000 nm. The sample in open air
measured 25.484 +/- 0.0456 nm,

Ophcal Constants: Plutonium and Uranium
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ellipsometer, during which a
calibration script determines a "window
effect correction function” that is used to
correct A and ¥ data from unknown

to the sample’s surface normal vector.

g bulk metal model can then be

applied o model our plutonium data once it has haen taken,

Introduction to Ellipsometry

1. linearly polartzed ligit _. A wocsom,Co. 1

o flane

3. elliptically polarized Ngi |
P H‘V:

e
s-plane

plane of nodence

Ellipsometry uses polarized
light to characterize thin films
and surfaces. Incident light
interacts with the sample,
changing from a linear
polanz.aluon 5la|.e toan

ion state.

Following measurement, the Pu sample is
modeled as bulk metal sample using initial data
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provided for well-polished, bulk gold. The
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they fit the experimental data.

until

This polanzatlon change is
the

Results and Discussion

light reflected from the
sample.

Ellig y wo yoand A,
whmh are related to Fresnel reflection coefficients.
An infinite, convergent series of transmitted and
reflected light sums lo these coefficients.

Window Calibration Procedure Eliminates Window Effects
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Conclusions

+ We have demonstrated the reliability of a window calibration procedure for
double-window experimental chambers that are needed for optical analysis of
transuranium elements

« We have used it to determine the unknown optical constants of Pu metal.

* With this new data we can extend our procedure to determining the optical
constants of plutonium surface oxides, part of a larger project to fully
characterize the oplical properties of plutonium,
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A Field lonization and lon Acceleration Model for a
Novel Pyroelectric Crystal-Based Neutron Source

Elaine K. Hart, Nuclear Science Summer Internship Program
Jeff Marse, Ben Fasenfest, Chris Spadaccini
Center for Micre- and Nanotechnology, LLNL
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! Pillar-Based Neutron Detector

Daniel Heineck, Nuclear Science Summer Internship Program

{'_1' Rebecea Nikolic, Catherine Reinhardt, EETD
|':c._..'f~ﬁ'_‘-1 L. Seaborg lastitats Lawrence Livermore National Laboratory

This part of the pillar-based neutres detector project aims to fimd a relishle chmic comtact process with the gnal of a specific comtact resistamce of 10+ _-cm? for both sides of the detectar. For the
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Sorption Studies of Eu and Cs with Urban Surfaces
i.e. How to Clean Up the Worst of Messes

o Jeremy G. Waen, Nuclear Science Summer Internship Program
‘Sutton, CBND, CMS, Bob Fischer, RHWM, SEP, Brian Viani, Geochemistry, E&E (Beed Callags ]
August 10th, 2006

The lssue: :
rrorist-Dispersed Radionuclides The Chemistry Behind The Threat
——

= refe ¢ Fuofeeoey Pa deeminy goserr ey bpe picegsEeg
.

[l
- H B W ha reghl PR el T ST Rl E
' 1
#oll §
'

o e

C

:
i
E
!
i
Ef

B Ll E D EETEE e O B 1E a5
AL MR e LU ERET TIe e pAE) EaEsE .
e bewan o o pEwwl puie s iserT rnaeTh ey
o

mrorpry dmees cpdd ety wed Epeme vy - T LSO Lot St Muosias &
s e e of fwodsir e o e WD wmie Ui Hi Theis §srboed We st
sl U Bl of Bhha of dunn & bl secdvey - Te Sy Sorpiod OF Asdasscies o Tiess
] L FE TN, seE yadE FE PeEs eaa T Wewewl | To Lo epesisy Brsisis Eapnying
[ TR S B T T Sy T T e T
= Tp Davign Crmisinry Tu Lasch Cad Apdinrgricas L

oty 81 de & Che e et 8 OUeg ety Do Dpties Ol Selaly i Clianms

povebia sl Ts

e,

The

alyzing the Environment Laoking Balow The Surfacs

By visdyery fa collerwd ey epe § wm e e
] Frl Feew gy s Fpwwm ey e B s mrges o
gt e reeesis. Tha maler ol bayee iy @ e leper
L Prowsigepd eaiey cow poasd of roersis dl

FRAE RS, BE AN SHE Pl st
e RR T e O e T T R




Optimization of lon-Exchange Separations of Neptunium, Plutonium,
and Uranium in Groundwater Samples from the Nevada Test Site

P

. Glann T. Seabaorg Instiute

John P. Clements, Muclear Science Summer Internship Program
Mavrik Zavarin, Pihong Zhao, Chemistry & Material Science
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LSST - The Next Level of Ground-Based Detection BLTLL]L}

Kevin Stein, Muclear Science Summer Internship Program

« "'-‘f‘-l} Stephen Asetalos, 1-Division, Physics and Advanced Technology LS=T
L7 Glenn T. Seabuvy Institite Lawrence Livermore Matonal Laboratories =
Angugt 10, 2006

The Project Methods

Thie Large Symopiac Sarvey Telescope (LS5T ) 15 0 proposed telesoope bt will help astonomers salve  * Uning a rasdomly genemied ha of stars, o simulavion of an LSST image was cremed usang a program
cemain cosmological problems, LSST, with fs & 2 meter diameier, will have a resalution ol 0, |46 arc named Sky Maker.
secomds and o field af view of three square degrees. It will be able 1o desect & 24% magniiede star with caly  ® This image was then convolved with on mmosphenc poi-spresd funcion (PSF ) At st ths PSE was
a1en secned exposure. These specifientions will allow ssironomers w0 indirectly sesrch for dade maner and - manually created hot loier the program Ammvo was used io crexte a sophistcased PSF.
nbserve distam papemovae that give clues 1o the shape of the universs. LSST e progected to be completed * The sperces m the coavalved image were extmcted uxing Source Eximctor.
i 241 2. Samalanons were needed 1o cxamine haw on mdusery standard detection program, Source * The brighinesses {magnituces j and the ellipriciiies of the extracied stors were compareid o the mpa
Extractor, would resposa o LSST images and what corrections woald have o be made to obinin comect dmn
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Characterization of Spent Reactor Fuel Using Principle Components Analysis
I’_" Martin Robel
' University of California, Berkeley, Department of Nuclear Engineering

Lawrence Livermore National Laboratory Nuclear Science Summer Internship Program
Mentor: Mike Kristo, C&MS Division

_Idealized Closer to Reality Clearer Picture
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5 Reactors, 3%

Pu Only 1.5% & 3%

e Monly, 1.5% & 3%




g Moving Toward Accurate Mercury Isotope Analysis: Evaluating Transport and Transformation Processes,

Paul G. Koster wan Groos, Nuclear Summer Science Int-'ndT Program {LLNL}, University of California, Berkeley
James A. Hunt, Department of Civil and Environmental Engineeri Lh'dvm‘llr-nl Calidornia, !uhlll!_r
11'_.': Aoss Williams, Chemical Biology and Nuclear Science Division, Chemistry and Materials e Dirsctorate, Lawrencs Livermore Maticnal Laboratory
“Flarn T Semhang Tac e Brad K. En-' Chemical Biology and Nuclear Science Division, Chemistry and Materinis Sliinul Directorate, Lowrence Livermore Mational Laboratory
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E Low Power, Low Noise Preamplifier for Semiconductor Detectors Gj}j
. ~ for the future radiation detection; gamma-ray, X-ray, dark matter search ~ —

A
..-"\,J;' Tsuguo Aramaki, Columbia University Nilar Sk Eﬁ & _E:'
Ko7 Qlesis 1. Sealvarg Tastibiste Lorenzo Fabris, I-Division Summer Internship Program "

Lawrence Livermore Mational Laboratory

Segmenled semicondusior deleclors are very powerful instremenis o defect both radiniion and charged pariicies, due o their high energy-reselubion. To
entiance this characierislic, we are developing a low power, low noise preamplilier by using hwo stale-of-the-art, very low noise JFETs o5 the inpul stage of the
praampiifiar. This way, the fotal Input capacitance of the praamplifier is & geod match fo thal of the defector's segmants, white preserving the sama fow poise
performance of the single device. We wene able fo achisve an ideal resuill with o low FWHM noise for Ge and Si defeclors. This will be widely applicable for severs/
radiation detection prafect, such a5 the Compton imaging project for the Depariment of Homeland Securly and the GAPS project, an indirect dark mattar saarch and
A eoliaboration betwaen LLNL and Columiba University.

(Ei e e Mziricclas
How mueh can wa roduce tha poiss of preampiifior - 1ﬂmﬂ'muw4¢Fm:¢pnw
by using fwo JFETH as the inpuf sisga? i

. = Sat the gain of the spec-amp such that V,,,, = 2,35 V
._u..m.rrm a@:muntﬁmw - Rar “f. : wﬂmﬁmnmm
ﬂ H deadidrs ihe nois in - DO LD =aking Tirme 0.0 ws -

Results: iscussion:

Conclusion:



Contextually-Aware Expert-System for Automated Muclear Threat Assessment

Shadi Z. Ghrayeb, Rensselaer Palytechnic Institure,

5. Labov , M. Pivovardf L-Division, Physics & Advanced Technolegies Directorate
Lawrence Livermre Maticnal Laboratory,
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Monitoring Nuclear Reactors with Antineutrinos

Alex Johnson, Nuclear Science Summer Internship Program
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I"-._.; Glenn T. Seaborg Institute

Adam Bernstein, I Division. PAT Directorate

A Theory
Antineutring Production'
Dhetection”
*  High flux af animiuinnos
« o Scintillator volume
*  Advanced shiclding
- Preventing Diversion
*  Dulectmy an ahnarmal anfimeutrine rate
*  Modeling probuble diversion schemes
: Experiment
~ SOMGST
= Opemed for 1.5 years with litle or nomasntenance
»  Locaded 25 melers from reacior cone?
’ Simulation
. D¥iversion Scenaribs
*  Baseline = Standord reacior cvele
« A =358 eplaced wath 1 5%
= - Spend foel replaced with firesh fuel
= D—Reactor nun st 105% posver
- ORIGEM
= Provides burmup dependeni solopic deds for eoch scenario
* Predicts fissaon rates for each isotope per bamup step
— Conversion?

*  Conclusions
Dhue 10 uncertainty ivsimulation A and C are undetectabie”
- Dvivergion D s different feom the baseline by &%
- Driversion D werifics methods and supports 08c in power
mionitering
- Can monitor powepweekly to within 3547
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Glenn T. Seaborg Institute

Dan Chivers?, Dr. Kai Vetter!
! Lawrence Livermore National Laboratory
2 Universiny of California, Berkeley
* University of Minois ar Urbana

Improving Compton Imaging through Signal Decomposition

Nathanael Kuo'3, Undergraduate Summer Institute

In order to get efficient results for Compton Imagers, we developed a
new method for calculating the positions and energies of gamma ray
interactions. This method decomposes double-sided sirip detector
(DSSD) signals through the implementation of singular value
decomposition (SVD) to invert the system response matrix. The
method employs a finite-element model of coupled charge transport
equations to generate accurate signal pulse shapes. Decomposition of
signals through SVD not only provides an altemative method of
calculating positions and energies, but may also transcend existing
methods by making full use of composite signals normally thrown out
by other methods. As a result, the efficiency of Compton Imagers can
be greatly improved upon successful implementation of signal

decomposition.

technology where they can .. * %,
determine gamma  radiaion ..l

energies with great precision and
efficiency. However, with the

Complon scattering |s caused when a
gamma ray ricochets, leaving some energy

many nuclear threats around the — telinc.

world, there has grown a need i f - Componinagng
not only to defect gamma rays : uses the positions of
but also to see where the " Intaractions to back:
radiation is coming from. As a m"‘;:m
resull, Compton imaging is a "

developing technigue that images
localized radiation sources by
superimposing  back-projecting
cones determined by the angles
between interactions due to

FiBmaler ScRiEANE Compton imaging requires solid and efficient
methods to extract the position and energy information of each
interaction from the detector signals. Consequently, we propose to
improve the current method of position calculation in double-sided strip
detectors (DSSD) by using singular value decomposition (SVD) to
decompose the detector signals. This method would be a new robust
way of calculating positions as well as a step towards making use of
many signals often ignored in other position calculation methods.

The exact location of
the source can be
determined by finding
the intersaction of tha
back-p ing cones

Gamma ray detectors today have £ ; E
reached a point in their "”‘”""’""l/p; “"‘"’"‘""J[stzq-r)ll

First, we took measurements
from a high-purity Germanium
(HPGe) DSSD, where
gamma rays were collimated
to a fan beam centered on
one of the electrode strips.
We then saved all the
produced signals (six for each
interaction) in order to test the

accuracy of the SVD in
measuring the position of
each interaction.
Each .
Interaction
produces six
signals, ...
... many of
which are
composite.
In theory, signal decomposition

would help recover information
from these composite signals.
Therefore, we generated several
model signals using a finite-
element mesh model to create a
system response matrix for the
SVD. Execution of the signal
decomposition  equations  then
resulted in weight vectors, from
which we can interpolate the
position of the interaction by taking
a weighted average. As a result,
the SVD method should not only
produce accurate position
calculations for more interactions,
but also give an indication of the
depth of our understanding of the
physics in the detector.

An nteraction M% 'E

creates a cloud W

of electrons |
and a cloud of S i, —~
holes, resulting "™

, [ |
in signals. 5 -"."-‘-‘ L

A picture of
the HPGe
double-sided
slrip detector

()

=

Most existing methods for
position determination involve
calculating time differences
between these signals.
However, they have a
significant drawback in that
many signals which resull from
very close interactions (known
as composite signals) cannot
be used in Compton imaging.

The model signals were created
using a finite-alement mesh medel

L

Each set of data signals can be

interpreted
as a linear combination of several model

signals through signal decomposition

When we implemented the signal

decomposition, we compared the

o results to that of the benchmark

. ¥ " method used for non-composite

signals. We encountered a problem

on the way, however, since the

model and data signals were not

ox == ; centered. We thus applied an

iterative approach to centering the

signals, adjusting the step size for

optimum results.
Once we corrected for step size, the

results showed an encouraging small y ey
error, This error was within hundreds RO

of microns, approximately the "

magnitude of the inherent uncertainty by

due to charge cloud size. The results

have a slight slope, however, which

may be due to model signal errors.

Nonetheless, they show that SVD

works well for non-composite signals.

Step sizes that were 100 large created
siriations in the resulls.

Signal decomposition demonstrated
refatively small errors when centered
ST Signal decomposition also worked
faily well for composite signals.

| There were no other methods to
compare our work, but the results
| show that SVD is able to distinguish
\ between two close interactions. A fit
of a linear combination of Gaussian
functions clearly denotes the two
interactions where these particular

A Gaussian fit showed two distinct peaks E
composite 5]2I‘I3|S cnghated.

where the interactions occurred

Through this experiment, it is clear that signal decomposition is an
exciting and promising new approach to Compton imaging. Since our
work was preliminary, results are only bound to improve upon further
research and study. Much needs to be done, however, including the
generation of model signals applied to more signal energies and
position dimensions. Nonetheless, each step will provide greater
precision and accuracy to the growing world of Compton Imagers.
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L% Materials in Extreme Environments: The FeCr Challenge s
. Ryan Till, Undergraduate Summer Institute, Arizona State University

B AR M. Caro (CBNS) and A. Caro (MSTD)

oLl L
Lawrence Livermore Mational Laboratory

FaCr is the candidate cladding material for advanced fisskon reactors. Irgn chromium (FeCr) alloys maest withstand sxtrams conditions [hgh temparatures, high neutron flux,
corrosive environments). Radiation damage significantly alters the alloys crysialline structure. Dafacts (intarstitials and vacancies) are craated by high-anergy collisions of neutrons
with the Fe-mafriz. |n thiz work, we ulllize modelz and computaticnal tocls to siudy their behavior at the atomic level. We determing formation anargias for intarstitials in FaCr alloys

for various Cr concenlrations and cenfigurations. Energies of Cr cliuster formation are established

oS

introduction: Methods: Results:
+Dufacls are aEiremaly small. They are beloe B resolitics Antarsiial fermaiics amsrgles Tounsd using Molecular Dysamics & compared (o ab

of micicsdopss initeD masulls fbor varkes Cr configurations
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sMolacular Dynamice & abla 1S ehlE lasgar sditgles

=Extrame enyecernenis [High temmporaben, high dose, cormosion|
+Exlgiing sbrssibural malariss an afected by radiatlon demage

“Erargy of nphnrqul Cr clkipism nmeids n pure Fs
warmie an B funcBem of Cr clmie radins
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Discussion:
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