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Introduction

Brookhaven National Laboratory (BNL) is a multidisciplinary laboratory that carries out basic
and applied research in the physical, biomedical, and environmental sciences, and in selected
energy technologies. It is managed by Brookhaven Science Associates, LLC, (BSA) under
contract with the U. S. Department of Energy (DOE). BNL’s total annual budget has averaged
about $460 million. There are about 2,500 employees, and another 4,500 guest scientists and
students who come each year to use the Laboratory’s facilities and work with the staff.

The BNL Laboratory Directed Research and Development (LDRD) Program reports its status to
the U.S. Department of Energy (DOE) annually in March, as required by DOE Order 413.2B,
"Laboratory Directed Research and Development,” April 19, 2006, and the Roles,
Responsibilities, and Guidelines for Laboratory Directed Research and Development at the
Department of Energy/National Nuclear Security Administration Laboratories dated June 13,
2006. In accordance this is our Annual Report in which we describe the Purpose, Approach,
Technical Progress and Results, and Specific Accomplishments of all LDRD projects that
received funding during Fiscal Year 2006.

BNL expended $11.1 million during Fiscal Year 2006 in support of 85 projects. The program
has two categories, the annual competed LDRDs and Strategic LDRDs, which combine to meet
the overall objective of the LDRD Program.

Proposals are solicited annually for review and approval concurrent with the next fiscal year,
October 1. An LDRD Selection Committee, comprised of the Associate Laboratory Directors
(ALDs) for the Scientific Directorates, an equal number of scientists recommended by the
Science Council, plus the LDRD Scientific Director, and the Assistant Laboratory Director for
Policy and Planning, review the proposals submitted in response to the solicitation. This
competed LDRD category emphasizes innovative research concepts with limited management
filtering to encourage the creativity of individual researchers. The competition is open to all
BNL staff in programmatic, scientific, engineering, and technical support areas. Researchers
submit their project proposals to the LDRD Scientific Director.

A portion of the LDRD budget is held for the Strategic LDRD (S-LDRD) category. These funds
are used to establish and enhance initiatives that are consistent with Laboratory priorities.
Projects in this category focus on innovative R&D activities that are likely to develop new
programmatic areas within BNL's mission responsibilities and enhance the Laboratory's science
and technology base. The Laboratory Director entertains requests or articulates the need for S-
LDRD funds at any time. The Director selects two people to provide written reviews of the
proposals.

These Projects are driven by special opportunities, including:

o Research project(s) in support of a Laboratory strategic hire,
o Evolution of Program Development activities into research and development activities,



e ALD proposal(s) to the Director to support unique research opportunities,

e Research project(s) in support of Laboratory strategic initiatives as defined and
articulated by the Director.

The goals and objectives of BNL's LDRD Program can be inferred from the Program's stated
purposes. These are to (1) encourage and support the development of new ideas and technology,
(2) promote the early exploration and exploitation of creative and innovative concepts, and (3)
develop new "fundable" R&D projects and programs. The emphasis is clearly articulated by
BNL to be on supporting exploratory research "which could lead to new programs, projects, and
directions" for the Laboratory. We explicitly indicate that research conducted under the LDRD
Program should be highly innovative, and an element of high risk as to success is acceptable. In
the solicitation for new proposals for Fiscal Year 2006 we especially requested innovative new
projects in support of RHIC and the Light Source and any of the Strategic Initiatives listed at the
LDRD web site. These included support for NSLS-II, RHIC evolving to a quantum chromo
dynamics (QCD) lab, nanoscience, translational neuroimaging, genomes to life, computational
sciences, nonproliferation and national security, energy sciences, and environmental sciences.

As one of the premier scientific laboratories of the DOE, BNL must continuously foster
groundbreaking scientific research. At Brookhaven National Laboratory one such method is
through its LDRD Program. This discretionary research and development tool is critical in
maintaining the scientific excellence and long-term vitality of the Laboratory. Additionally, it is
a means to stimulate the scientific community and foster new science and technology ideas,
which becomes a major factor in achieving and maintaining staff excellence and a means to
address national needs within the overall mission of the DOE and BNL.
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Hydrogen Atom Transfer

from Carbon to Metal —
Relevance of a Novel Reaction
to Catalyzed Hydrocarbon
Conversions

Morris Bullock 03-104

PURPOSE:

The purpose of this project is to investigate
the feasibility of a new method for cleavage
of the carbon-hydrogen (C-H) bonds in
hydrocarbons through hydrogen (H) atom
transfer reactions from a carbon to a metal.
We seek to carry out fundamental kinetic
and mechanistic studies to investigate this
novel chemical reaction that is relevant to
homogeneously  catalyzed  hydrocarbon
conversions.

APPROACH:

A fundamental understanding of reaction
mechanisms is required for the rational
design of new homogeneous catalysts. Both
kinetic and thermodynamic issues are
important in assessing the viability of new
proposed steps that might be used in
catalytic cycles. We seek an improved
understanding of the reactivity of metal
complexes that catalyze organic reactions.
Synthetic, kinetic and mechanistic studies on
organometallic complexes are performed
towards this goal.

Selective conversion of hydrocarbons to
functionalized organic compounds presents
a formidable scientific and practical
challenge and is a major goal of
organometallic chemistry and homogeneous
catalysis. @~ We are examining a novel
reaction in which cleavage of a C-H bond
proceeds by hydrogen atom transfer from a

hydrocarbon to a photochemically generated
metal-centered radical.

Post doc Jie Zhang carried out synthesis and
characterization of the metal complexes used
in this study along with photochemical
studies using continuous irradiation.
Experiments using laser flash photolysis and
transient infrared spectroscopy measure-
ments were carried out in collaboration with
Etsuko Fujita and David Grills. Kuo-Wei
Huang, a Goldhaber Fellow at BNL, carried
out computations to determine energetics of
the reactions and bond strengths of the
bonds being cleaved or formed in the
reactions.

TECHNICAL
RESULTS:

PROGRESS AND

Laser flash photolysis (355 nm) of a solution
of [Cp(CO),0s], leads to an instantaneous
bleaching of the v(CO) IR bands of the
dimer and appearance of new bands assigned
to the osmium-centered radical Cp(CO);Ose.
These experiments were carried out by time-
resolved infrared (TRIR) spectroscopy using
a step-scan FTIR spectrometer. The kinetics
of the metal-to-carbon hydrogen atom
transfer (shown below) were determined to
be first-order in osmium radical and first-
order in 1,4-cyclohexadiene.
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The second-order rate constant for the
hydrogen atom transfer was determined to
be ky = (2.1 £ 0.2) x 10° M s at 23°C.
Experiments using deuterated cyclo-
hexadiene are consistent with a large kinetic
deuterium isotope effect, but the precise

value of ky/kp has not been determined yet
from the data.



While these experiments show that transient
IR measurements can be used to determine
rate constants for carbon-to-metal hydrogen
atom transfers, we sought to prepare more
soluble osmium dimers that might provide
better  sensitivity in  the  Kkinetics
measurements owing to higher solubility. A
new synthetic route was developed for
[Cp*(CO),0s], (Cp* = n’-CsMes) through
reaction of [Cp*(CO),OsH with 2,2'-azo-
bis-isobutyrylnitrile. A single crystal x-ray
diffraction study of this complex shows that
that the solid state structure of
[Cp*(CO),0s]; has two bridging CO
ligands, in contrast to [Cp(CO),0s]», which
has only terminal CO ligands. Infared
spectroscopic data also indicate bridging CO
ligands for this complex in solution.

Much higher solubility was obtained by
substituting four hydrogens on each Cp ring
by isopropyl groups. Reaction of tetra-
isopropylcyclopentadiene with [(CO)30sI],
provides (PrsCsH)(CO),Osl, which can be
converted to ('PryCsH)(CO),OsH through
reduction with NaK followed by treatment
with EtOH. Reaction of
(PryCsH)(CO),OsH  with  2,2'-azo-bis-
isobutyrylnitrile gives [('PrsCsH)(CO),0s],,
which is much more soluble than
[Cp*(CO)zOS]z.

Density functional theory (DFT) calculations
on these Os-Os dimers reveal the energetics
of different geometrical isomers. The anti-
and gauche isomers of [Cp(CO),0s],, with
terminal CO ligands, are significantly more
stable than the trans- and cis isomers with
bridging CO ligands, while the stability the
anti-isomer of [Cp*(CO),0s], is similar to
that of its trans-isomer. Computations on
the energetics of the isomers with a
[Cs(CF3)s] ligand suggest that the difference
observed for Cp and Cp* complexes is
mainly due to electronic rather than steric
effects of the Cp groups.

Photolysis of an osmium dimer with
tris(pyrazolyl)borate ligands, [Tp(CO),Os]2,
results in carbon-to-metal hydrogen atom
transfers from even stronger C-H bonds.
Photolysis (A > 300 nm) in THF results in
carbon-to-osmium hydrogen atom transfer,
and this reaction can be used synthetically as
a route to Tp(CO),0sH (68% isolated yield).
The osmium deuteride, Tp(CO),0sD, results
from photolysis of [Tp(CO);0s], in
toluene-ds. The C-H bond dissociation
energies of THF (92 kcal/mol) and toluene
(90 kcal/mol) show that this method can be
used to cleave C-H bonds that are much
stronger than those of 1,4-cyclohexadiene.

Photolysis of the ruthenium dimer
[Cp*(CO)2Ru]; in THF-ds in the presence of
1,4-cyclohexadiene produced Cp*(CO),RuH
and benzene, indicates that a carbon-to-
metal hydrogen atom transfer does not
require the formation of an unusually strong
M-H bond. The reactions of [Cp*(CO),Ru],
and [Tp(CO),0s], all involve carbon-to-
metal hydrogen atom transfers that are
thermodynamically unfavorable. We cannot
rule out the possibility that more complex
mechanisms are involved compared to the
[Cp(CO),0s], reaction.

SPECIFIC ACCOMPLISHMENTS:

Publications:

“Efficient Synthesis of the Os-Os Dimers
[Cp(CO),Os]a, [Cp*(CO),0s]y, and
[(PryCsH)(CO),0s]; and Computational
Studies on the Relative Stabilities of Their
Geometrical Isomers,” Zhang, J.; Huang, K-
W.; Szalda, D. J.; Bullock, R. M.
Organometallics, 2006, 25, 2209-2215.

Carbon-to-Metal Hydrogen Atom Transfer:
Direct Observation Using Time-Resolved
Infrared Spectroscopy, Zhang, J.; Grills, D.
C.; Huang, K.-W_; Fujita, E.; Bullock, R. M.
Journal of the American Chemical Society,



2005, 127, 15684-15685. http://dx.doi.org/
10.1021/ja0555724

Presentations:

Ionic hydrogenations using proton and
hydride transfer reactions of metal hydrides,
and hydrogen atom transfers of osmium
complexes, Bullock, R. M.; Dioumaev, V.
K.; Kimmich, B. F. M.; Zhang, J. 229th
National American Chemical Society
Meeting, San Diego, CA, March 13-17,
2005. (Invited talk at a symposium, given
by Morris Bullock)

Carbon-to-metal hydrogen atom transfers in
the formation of metal hydrides, Zhang, J.;
Grills, D. C.; Huang, K.-W.; Fuyjita, E.;
Bullock, R. M. Pacifichem 2005 conference
(Honolulu, HI, Dec. 15-20, 2005, Invited
talk to be given by Morris Bullock at a

symposium on metal hydrides and
dihydrogen complexes)

"Nanosecond time-resolved step-scan FTIR
spectroscopy: A powerful tool for
investigating  photocatalytic  processes,"
Grills, D. C.; Bullock, R. M.; Fujita, E.;
Huang, K.-W.; Muckerman, J. T.;, and
Zhang, J. at The 3rd International
Conference on Advanced Vibrational
Spectroscopy (ICAVS-3), Delavan, W1, Aug
14-19 2005. (poster presented by David
Grills)

LDRD FUNDING:

FY 2003 (April — September) $20,000
FY 2004 $56,480
FY 2005 $58,039
FY 2006 (October — March) $32,516



Femtosecond Photoinitiated
Nanoparticle Surface
Chemistry

Nicholas Camillone III 04-011

PURPOSE:

The goal of this project is to bring together
the ultra-fast and the ultra-small to under-
stand the physics behind the unique chemis-
try of nanostructured materials. In this pur-
suit we have developed capabilities to probe
with femtosecond time resolution the
chemical dynamics of molecules adsorbed
on supported nanoparticles. This involves
ultrafast laser-based techniques for initiating
and following chemical transformations in
real time in ultra-high vacuum (UHV), an
undertaking that has brought new capabili-
ties and expertise to BNL.

APPROACH:

About ten years ago a new class of surface
chemistry, involving excitation driven by fem-
tosecond light pulses, was demonstrated’ and
has recently begun to be exploited to study
reaction dynamics on planar surfaces.” How-
ever, little has been done to explore these
phenomena on nanoscale materials,”* where
size-dependent properties are expected to im-
pact the surface chemical dynamics.5 In par-
ticular, on supported metal nanoparticles, spa-
tial confinement of electrons, size-dependent
electronic structure® and changes in electron-
phonon coupling are expected to significantly
affect hot electron lifetimes in small nanopar-
ticles. Furthermore, enhancements in photo-
electron yield from nanoparticles have been
indicated.® These effects are expected to im-
pact the dynamics of adsorbates on nanoparti-
cles. We aim to explore these dynamics as the
size of the nanoparticles is varied through the
regime spanning the non-metal to metal tran-
sition.

Our experiments employ the two-pulse cor-
relation (2PC) technique’™ wherein, the
800 nm photoexcitation pulse is split into
two pulses separated in time by a variable
delay and directed to impinge upon the tar-
get. The photoinduced desorption yield is
measured by a quadrupole mass spectrome-
ter (QMS). In part because the relaxation
times of the electronic and lattice tempera-
tures differ by an order of magnitude, the
2PC desorption yield correlation width de-
pends upon the desorption mechanism. This
enables distinctions to be drawn among pos-
sible reaction mechanisms® and allows for
quantification of their timescales.

Such time-resolved measurements on
nanoparticles require a high energy (~ 1 mJ)
source of ~ 100 fs laser pulses, a UHV envi-
ronment, a well-characterized substrate sur-
face, manipulation and introduction of the
pulses into the UHV, an ion counting
scheme to detect photodesorbed species, and
the capability to grow nanoparticles in UHV.

COLLABORATORS:

Development of this project, and design, as-
sembly and operation of the experiment has
depended heavily on the efforts of postdoc-
toral research associate Paul Szymanski
(Chemistry) and has involved the collabora-
tion of Alexander Harris (Chemistry) and
James Misewich (Materials Science). In ad-
dition, components crucial to the effort have
been supplied through collaboration with
Michael White (Chemistry BNL and SUNY
Stony Brook).

TECHNICAL
RESULTS:

PROGRESS AND

During FY 2006 several important mile-
stones have been reached:
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Figure 1. 2PC measurements of photoinduced desorp-
tion of O, from Pd(111) with “best” fits for three nu-
merical models: two models with a T, -independent
friction (dashed and dotted lines) and one model with
a T, -dependent friction (solid line).

* Femtosecond photoinduced desorption of
O, from Pd(111): detailed 2PC and fluence-
dependence measurements were performed
as a function of initial O, surface coverage.

* Femtosecond photoinduced desorption of
CO from Pd(111): detailed 2PC and fluence-
dependence measurements were performed
as a function of initial surface temperature.

* Computer software for performing simula-
tions of femtosecond-pulse photodesorption
has been completed. Simulations are based
on the two-temperature model'® (2TM) and
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Figure 2. A schematic illustration of how the strength
of electron-mediated molecule—surface coupling in-
creases with increasing electronic temperature within
the DIMET hole-capture model
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incorporate a phenomenological frictional
coupling of the substrate electronic and vi-
brational degrees of freedom to the adsor-
bate."’

As a result of our investigations, we have
reached three significant scientific conclu-
sions.

First, we find that the strength of electron-
mediated molecule—surface coupling (‘“elec-
tronic friction”) depends on electronic tem-
perature (7,;). This conclusion derives from
the failure of T,-independent friction to ex-
plain the observed 2PC response. Only by
incorporating T,;-dependent friction does the
2TM successfully model the observation
(See Fig. 1). This result is consistent with
the hole-capture DIMET (desorption in-
duced by multiple electron transitions)
mechanism believed to be responsible for

" desorption of O, from Pd,12 as illustrated in

Fig. 2.

Second, the strength of the molecule—surface
coupling for O,/Pd(111) appears to depend
on binding site and to be correlated with
molecule-surface binding strength. This
conclusion follows from analysis of the ob-
served increase in the photodesorption yield
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Figure 3. O, photodesorption yield at a fluence of
~ 7 mJ/cm® for three coverages. The increase in yield
is more than expected based on the increase in cover-
age, but less than expected based on the 2TM, simple
energetic arguments and the observed coverage inde-
pendence of the 2PC response.



with increasing coverage. Population of in-
creasingly less tightly-bound surface sites
(termed a;, a; and as) was found to result in
an increase in photodesorption probability
(Fig. 3) somewhat less than would be ex-
pected based on energetic arguments alone.
This fact, in conjunction with 2TM model-
ing of the observed coverage independence
of the 2PC data indicated that the efficiency
of energy transfer from the surface to the
molecule decreases as the strength of the
molecule—surface bond decreases.

Third, we have begun to collect new evi-
dence in support of the current understand-
ing of ultrafast photodesorption. This model
involves separating the excitation step, as-
signed to interaction with a non-equilibrium
electron distribution, from the actual desorp-
tion step, assigned to a process that is identi-
cal to thermally-activated surmounting of an
energetic barrier to desorption. A significant
component of our understanding derives
from our temperature-dependent measure-
ments of the desorption dynamics of CO
from Pd(111). These dynamics are only
consistent with the 2TM when the exit
channel is described by an activation barrier
(E,) equal to that measured by temperature-
programmed desorption experiments. Thus
a reasonable case can be built in support of
the pseudo-thermal description for desorp-
tion induced by ultrafast laser pulses.

Reaching the above-described technical
milestones and scientific conclusions has
involved the development of expertise and
instrumentation necessary to conduct state-
of-the-art time-resolved photoinduced de-
sorption investigations. Our original goal of
exploring the size-dependence of the desorp-
tion dynamics of molecular adsorbates from
nanometer scale metal particles is yet to be
achieved. In these experiments our interest
is to investigate the possibility that surface
chemical dynamics can be “tuned” by varia-
tion of the size of the metal substrate mate-

rial at the nanoscale. This size regime is of
interest because the reactivity of such parti-
cles for the catalytic oxidation of CO shows
a marked peak for particles ~ 3 nm in diame-
ter, and this peak in reactivity coincides with
the non-metal to metal transition.”'* Our
aim is to measure the desorption dynamics
of CO from nanoparticle assemblies as a
function of nanoparticle size, to begin to
probe the chemical dynamics behind the
marked size-dependence of the reactivity of
this model catalytic system.

Continued development of the central
themes of this work will be supported by
funding under the Surface Chemical Dynam-
ics component of the DOE BES-supported
Chemical Physics Program in the BNL
Chemistry Department. Related work will
be supported by a new effort funded as part
of the DOE BES Chemical Imaging initia-
tive.

This project did not involve animal verte-
brates and/or human subjects.

SPECIFIC ACCOMPLISHMENTS:
Presentations:

e “Femtosecond Photoinitiated Nanoparti-
cle Surface Chemistry,” N. Camillone III,
oral presentation at the Mid-Year Review of
LDRD Projects (BNL, May 3, 2004).

* “Femtosecond Photoinitiated Nanoparti-
cle Surface Chemistry,” N. Camillone III,
oral presentation at the Mid-Year Review of
LDRD Projects (BNL, April 13, 2005).

* “Femtosecond Photoinitiated Nanoparti-
cle Surface Chemistry,” N. Camillone III,
oral presentation at the Mid-Year Review of
LDRD Projects (BNL, July 12, 2006).

* “Adsorption-state-dependent subpicosec-
ond surface chemical dynamics,” P.



Szymanski, A. Hamis, M. White, J.
Misewich, N. Camillone III, invited presen-
tation (St. John’s University, Aprl 27,
2006).
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Chirped Pulse Amplification
at the DUV-FEL
Li Hua Yu 04-013

PURPOSE:

We propose to investigate the Chirped Pulse
Amplification (CPA) by free-electron laser
at the Deep Ultraviolet-Free-Electron Laser
(DUV-FEL) facility. In a seeded FEL when
the seed laser is chirped and the electron
bunch is also chirped accordingly, the output
radiation is also amplified and chirped.
When the chirped output is compressed by
an appropriate optical system, the output can
have a very short pulse with very high peak
power.

APPROACH:

Our approach is to use the HGHG process to
carry out CPA at the DUVFEL. The High
Gain Hammonic Generation (HGHG)
approach utilizes a laser-seeded FEL to
produce amplified, longitudinally coherent,
Fourier-transform-limited output at a
harmonic of the seed laser. Since the output
wavelength is reduced by the harmonic
number but with the same percentage of
chirp as the seed, the pulse length is also
reduced by the harmonic number when
compared with the bandwidth limited seed
pulse length. This makes it possible to
achieve ultra-short pulse length with high
peak power. With the existing = laser
technology of 6% bandwidth (most updated
techniques allow for 9% bandwidth), with
the possible energy chirped chirp range of
3% at the DUVFEL. Our -calculation
showed that it is possible to achieve 7 fs
with 6 GW peak power at 266 nm. Recently
we have carried out the HGHG experiment
at 266 nm using the Near Infra-Red Scalable
Undulator System (NISUS) undulator at the
DUV-FEL. The results agree with the
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theory very well. Short-pulse amplification
is also an important part of the cascaded
HGHG experiment to achieve x-ray FEL.
Here, we plan a first CPA experiment to
confirm this principle, with the ultimate goal
of providing an intense, highly coherent
ultra-short pulse source of hard x-rays.

TECHNICAL
RESULTS:

PROGRESS AND

Since we have achieved stable HGHG
output at 266 nm using 800 nm seed, we
started to chirp the seed and the electron
beam energy within the electron bunches.
By varying the energy chirp we change the
matching between the seed and the electron
bunch, and in the mean time measure the
bandwidth. The results showed a maximum
bandwidth at a certain chirp rate of the
electron bunch, and the bandwidth is 1.5 nm,
quite close to the theoretically expected
maximum bandwidth achievable, ie. 1.8

nm. This gave us confidence for the desired
CPA.

We then proceeded to install the Spectral
Interferometry for Direct Electric-Field
Reconstruction (SPIDER) to measure the
phase distortion of the HGHG output. We
were able to carry out the SPIDER
measurement on the HGHG output, and start
to vary the chirp and change the bandwidth.
The results showed the output is chirped
agreeing with theory, and hence should be
able to be compressed.

« After the shut-down for energy upgrade
at the Source Development Laboratory
we started to repeat what had been
previously achieved. Evidence showed
that the photo-cathode laser pulse length
is shorter than what is optimized for the
operation, causing a larger space charge
effect and degraded the performance.
We overcome this difficulty by carrying
out the CPA experiment at 800 nm direct



seeding and used Frequency-Resolved
Optical Gating (FROG) to measure the
pulse length after compression. The
result showed that HGHG FEL can be
used to carry out chirped pulse
amplification into shorter wavelength
regions; and when saturated, it is
possible to use the nonlinearity to
generate pulses larger than the seed
bandwidth, and a shorter final pulse.

SPECIFIC ACCOMPLISHMENTS:
Publications

e T.Shaftan, Z. Huang, A. Doyuran, L. Carr,
W.S. Graves, C. Limborg, H.Loos, J. Rose,
B. Sheehy, Z. Wu, L.H. Yu, “Experiments
with electron beam modulation at the
DUVFEL accelerator,” Volume 528, Issues

1-2 , 1 August 2004, Pages 397-401

e J. Rose, B. Podobedov, J. Murphy, T.
Shaftan, B. Sheehy, X.J. Wang, L.H Yu, “A
SCRF Linac as a FEL Driver and Storage
Ring injector,” PAC2003

e T. Shaftan, L.H.Yu, “HGHG with Variable
Wavelngth,” BNL-72034-2004-JA

e Adnan Doyuran, Louis DiMauro, William
Graves!, Richard Heese, Erik D. Johnson,
Sam Krinsky, Henrik Loos, James B.
Murphy, George Rakowsky, James Rose,
Timur Shaftan, Brian Sheehy, Yuzhen Shen,
John Skaritka, Xijie Wang, Zilu Wu, and Li
Hua Yu, “Experimental study of a high-gain
harmonic-generation free-electron laser in
the ultraviolet,” Phys. Rev. ST Accel.
Beams 7, 050701 (2004)

e Adnan Doyuran, Louis DiMauro, Richard
Heese, Erik D. Johnson, Sam Krinsky,
Henrik Loos,, James B. Murphy, George
Rakowsky, James Rose, Timur Shaftan,
Brian Sheehy, Yuzhen Shen, John Skaritka,
Xijie Wang, Zilu Wu, Li Hua Yu,
“Preliminary Chirped Pulse Amplification
of HGHG-FEL at DUV-FEL Facility in
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BNL,” NIM, A,Volume 528, Issues 1-2,
Pages 467-470 (2004)

L.H.Yu, “R&D experiments at BNL to
address the associated issues in the
Cascading HGHG scheme,” Proceedings of
International FEL  Conference, 2004,
Trieste, Italy

Z. Wu, H. Loos, Y. Shen, B. Sheehy, E. D.
Johnson, S. Krinsky, J. B. Murphy, T.
Shaftan, , X.-J. Wang, L. H. Yu, “Spectral
Phase Modulation and chirped pulse
amplification in High Gain Harmonic
Generation,” Proceedings of International
FEL Conference, 2004, Trieste, Italy

Timur Shaftan and Li Hua Yu, Phys. Rev. E
71, 046501 (2005), "High-gain harmonic
generation free-electron laser with variable
wavelength”

L.H. Yu, T. Shaftan, D. Liu, T. Tsang, J.
Rose, X.J. Wang, T. Watanabe. “Chirped
pulse amplification experiment at 800nm,”

Proceedings of FEL2006
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Overcoming Coherent

Instabilities at Medium-Energy
Storage Rings

Jiunn-Ming Wang 04-025

PURPOSE:

A charged particle beam can be unstable due
to its interaction with the electromagnetic
fields generated by oscillating beams in
different components distributed around the
storage ring. To estimate the effect of these
- fields on the beam dynamics, many light
sources throughout the world e.g. APS, ESRF,
SOLEIL, PETRA, DIAMOND and CLS have
made efforts to calculate the threshold and
initial growth rate of potential instabilities.
The average current and current per bunch can
be limited due to generated fields in major
components such as RF cavities, mini-gap
undulators, scrapers and tapered transitions.
The purpose of this LDRD is to carry out
research aimed at advancing our ability to
calculate the impedance of medium energy
storage rings and thus provide a more reliable
basis on which to predict current limiting
phenomena.

APPROACH:

1. Verify 3D GdfidL code with already
evaluated data.

2. Investigate the electrodynamic properties
for several components.

3. Carry out short-range and long-range
wakefield analysis.

4. Study effect of ferrite on wakepotential in
SCREF cavities.

5. Carry out Rsh, Rsh/Q and Q analysis for
longitudinal and transverse modes of

SCRF cavity.
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The collaborators of this work include Alexei
Blednykh, Samuel Krinsky, Boris Podobedov,

James Murphy, James Rose and Stephen
Kramer.

TECHNICAL
RESULTS:

PROGRESS AND

a) For acceleration of the electron beam in
the 3-GeV NSLS-II storage ring, three
Superconducting RF cavities are planned
to be installed. In addition to three
500MHz main RF cavities, three passive
1500MHz harmonic cavities will be
located in the ring. The cavity has a
complex geometry. A special fluted beam
pipe is applied for HOM coupling. For
HOM damping two ferrite liners are
located in the beam pipe on both sides of
the each cavity. Damping of HOM allows
for the avoidance of coupled bunch
instabilities. We have studied the ferrite
effect on short-range and long- range
wake potentials. The shape of the short-
range wake potential does not change due
to one or two ferrite rings. FFT of the
long-range wake potential allows one to
evaluate resonance impedance parameters.
Parameters of the first eight HOMs were
taken into account for the estimation of
growth rates. For three installed RF
cavities the longitudinal coupled bunch
growth rates were found to be below the
damping rate.

b) Results of GdfidL calculations for a pill-
box cavity with ferrite material inside
were compared with measurement results
of Harald Hahn, C-AD, BNL. S-
parameters were calculated using a simple
pill-box cavity of 12.4 cm diameter with
lined ferrite of 5 mm thick inside the
cavity. These studies show that GdfidL
can reproduce measurement results and
the code can be used for computations of
more complex geometries with damping
materials.



¢) GdfidL also shows a good agreement with
analytical results for the empty pill-box
cavity. K. Bane and A. Novokhatski have
derived the analytical expressions for the
loss and kick factors for the diffraction
regime. GdfidL calculations were shown
to agree with their results.

d) Both Superconducting Undulators (SCU)
and Cryo Permanent Magnet Undulators
(CPMU) are planned to be installed in the
future NSLS-II storage ring. Vacuum
chamber for the Superconducting
undulator (SCU) has two tapered
transitions. Fields arise due to a change in
cross section of an elliptical pipe. CPMU
is a more complex geometry. Two
permanent magnets are located inside a
rectangular vacuum chamber. Its
geometry looks like a cavity. Investigation
of the electrodynamic parameters of
CPMU shows that the driving charge can
excite some strong resonant modes in the
structure in the frequency range above 200
MHz. The lowest resonant frequency
depends on the gap between two magnet
arrays. All modes in the structure were
identified and classified. Existence of the
resonant mode at low frequencies can
contribute to the couple bunch
instabilities. This type of instability needs
additional research. It can be done
experimentally using the X25 MGU in the
X-Ray ring of the NSLS storage ring.

e) The tapered elliptic vacuum chamber for
superconducting MGU has a smaller
contribution (by a factor of ~2) to the
transverse impedance than CPMU.

f) For some components of the future NSLS-
I1 storage ring we have carried out a series
of analytical verifications of the received
numerical code calculated data. For
example, analytical results for the coaxial
waveguide with a rectangular slot (using
the theoretical Bethe-hole predictions, the
theoretical study of the A. Fedotov, L.
Gluckstern, S. Kurennoy and G.

Stupakov) has been shown to be in
agreement with the GdfidL calculations.

g) A preliminary impedance budget for an
example of a medium energy storage ring
including the most important components
has been determined. All data are entered
into a table. This table will be useful as a
starting point for analyses of instabilities
that may limit the current in future
medium energy storage rings.

SPECIFIC ACCOMPLISHMENTS:

Publication:
A. Blednykh and S. Krinsky, “Preliminary

impedance budget for NSLS-II,” submitted to
PAC2007.

Proceedings:

A. Blednykh, S. Krinsky, B. Podobedov, and
J.M. Wang, ”Transverse impedance of small-
gap undulators for NSLS-IL,” Proc. EPACO06,
Edinburgh, UK, June 26-30, 2006, p2970.

A. Blednykh, “Calculation of the budget
impedance for the NSLS-II” NSLS, October
27,2005

A. Blednykh, “Preliminary Impedance Budget
for the NSLS-II,” NSLS, December 9, 2005.

Report:

A. Blednykh, “Trapped modes in tapered
vacuum chambers for a mini-gap undulator
magnet,” BNL-75839-2006-1R, 2006.
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Layered Cobaltates with High
Thermoelectric Power
Qialng Li 04-033

PURPOSE:

We carried out a systematic study of the

fundamental thermoelectric and related
material properties of layered cobaltates
necessary for potential practical utilization.
Through coordinated research on synthesis
and characterization, we will be able to
understand the mechanism controlling the
thermoelectric properties, as well as gaining
the ability to tune various materials
parameters in order
thermoelectric performance. The proposed
research can lead to the discovery of new
phenomena in strongly correlated electron
systems, novel functionality, and many
practical applications.

APPROACH:

Cobaltates (AxCoO,) are transition-metal
misfit layered oxides that feature self-
assembled alternatively-stacked blocks with
incoherent layer boundaries, producing

highly anisotropic properties along their

crystallographic directions. Recently, it was

discovered that some cobaltates have a

thermoelectric performance challenging that
of conventional thermoelectric materials.

Through the coordinated studies of the

electronic structure and thermoelectric
properties, we are able to establish a new
direction for bulk thermoelectric research that

is using the electron correlation as a tuning

parameter to enhance the thermoelectric

power factor of oxides. We also explore the
role of self-assembly in the growth of

cobaltate thin films by focusing our study at
the properties and structure of CazCo4Oq
single crystals, and thin films grown on

to optimize their
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various single crystalline, polycrystalline,
and amorphous substrates. A coordinated
transmission electron microscope and
thermoelectric property characterization is
performed to understand the growth
mechanism and the correlation between the
structures and thermoelectric properties.

TECHNICAL
RESULTS:

PROGRESS AND

Post-doctoral research associate (Y. Hu)
was hired and a graduate student (Q. Jie)
from the State University of New York at
Stony Brook was supported to participate in
this project.

Specifically:

1) We set up the three-zone furnace and
successfully grew Na,CoO, and Ca3;Co0409
single crystals, which were characterized
and used for electron correlation studies in
collaboration with the photoemission and
IR optical spectroscopy groups of BNL

2) A new high temperature thermoelectric
and transport characterization system was
built. It became the main instrument for
evaluating the thermoelectric properties up
to 1000K.

3) Thin films of Ca3Co4O¢ have been
successfully grown on various substrates,
including single crystalline SrTiOs,
LaAlOs;, Si, and AlO;, polycrystalline
Al,O;, and glass, using pulsed laser
deposition, in collaboration with Dr. W. Si
4) High resolution transmission electron
microscopy was used to characterize the
microstructures of Ca3;Co4O¢ films, in
collaboration with Drs. E, Sutter and R.
Klie of Center for Functional
Nanomaterials.

5) High-quality c-axis oriented Ca3;Co0405
thin films were grown directly on Si (100)
and Si (111) wafers by pulsed laser
deposition without pre-chemical treatment
of the substrate surface. Cross-sectional



transmission electron microscopy shows
excellent crystallinity of the Ca3Co40y films.
The Seebeck coefficient and resistivity of the
Ca3Co0409 thin films on Si (100) substrate are
126 pV/K and 43 micro-Ohm.cm
respectively at room temperature, comparable
to the single crystal samples. This advance
demonstrated the possibility of integrating
the cobaltate based high thermoelectric
materials with the current state-of-the-art
silicon technology for thermoelectricity-on-a-
chip application, such as thermochemistry-
on-a-chip, bio-thermoelectric chip, and active
cooling for microelectronic processors.

6) c-axis oriented Ca3Co40 thin films have
been grown directly on a glass (fused silica)
substrate by pulsed laser deposition. Detailed
microstructure analysis showed stacking
faults abundant throughout the films.
However, the Seebeck coefficient (~ 130
pV/K) and resistivity (~ 4.3 mQecm) of these
films on glass substrates at room temperature
were found comparable to the single crystal
samples. The presence of these structural
defects could reduce thermal conductivity,
and thus enhance the overall performance of
cobaltate films to be potentially used in the
thermoelectric devices.

7) A new direction for thermoelectric
research is proposed that is using the electron
correlation as a tuning factor to enhance the
thermoelectric power.

SPECIFIC ACCOMPLISHMENTS:

Publications:

1) “In situ growth of c-axis oriented
Ca3Co040s thin films on Si (100)” Y. Hu,
et al, Appl. Phys. Lett. 86 082103 (Feb.
2005),

2) “Thermoelectric properties and
microstructure  of c-axis  oriented
Ca3Co40s thin films on glass substrates"
Y. F. Hu, et al, Appl. Phys. Lett. 87
171921 (Oct. 2005)
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3) “Microstructure of Caz;CosOg Single
Crystals and Thin Films” Y. F. Hu, E.
Sutter, W. D. Si, and Qiang Li, Mater.
Res. Soc. Symp. Proc. Vol. 886, 0886-
F01-08.1 (2006)

4) “On the Thermoelectric Properties of
Layered Cobaltates,” Qiang Li, Mater.
Res. Soc. Symp. Proc. Vol. 886, 0886-
F01-05.1 (2006)

Presentations:

Invited “Layered Cobaltates with High
Thermoelectric Power” Q. Li (presenter),
6th Pacific Rim Conference on Ceramic
and Glass Technology, Maui, Hawaii
September 11-16, 2005

Invited "Layered Cobaltates with High
Thermoelectric Power"” Q. Li (presenter),
Materials Research Society 2005 Fall
meeting, Boston MA, Nov. 28-Dec. 2, 2005

Invited “New Direction in Thermoelectric
Research” Q. Li (presenter), the 5™ Joint
Meeting of the Chinese Physicists
Worldwide and International Conference
on Frontier Physics, June 27-30, 2006

”Layered Cobaltates with High
Thermoelectric Power” Q. Li (presenter),
Y. Hu, W. Si, and E. Sutter, The Direct
Energy Conversion Program Review and
Workshop, organized by DARPA and
ONR, December 13-15, 2004 at Coronado,
CA

"Transport and Thermoelectric Properties
of Ca;Co4O¢ Thin Films" Y. Hu
(presenter), W. Si, E. Sutter, Q. Li, APS
march meeting, Los Angeles, CA, March
21-25 2005

"Thermoelectric
Microstructure of

and
Oriented

Properties
c-axis



Ca3;Co0409 Thin Films" Y. Hu (presenter), W.
Si, E. Sutter, Q. Li, Materials Research
Society 2005 Fall meeting, Boston MA, Nov.
28-Dec. 2, 2005

“Pulsed Laser Deposition of Thermoelectric
Cobaltate Thin Films™ W. Si (presenter), Y.
Hu, and Q. Li, Materials Research Society
2005 Fall meeting, Boston MA, Nov. 28-
Dec. 2, 2005

“Thermoelectric and Structural Properties of
the Ba;Ho(Cus.,Co,)O7., Solid Solution” W.
Wong (presenter), Y. Hu, Q. Li, et al, in
Materials Research Society, Boston MA,
Nov. 28-Dec. 2, 2005

“Thermoelectric Properties and
Microstructure of c-axis Oriented CasCo0409
Thin Films" Y. Hu (presenter), W. Si, E.
Sutter, Q. Li, 2005 ICT (International
thermoelectirc conference) Clemson, SC,
June 2005
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One patent application “Cobalt Oxide
Thermoelectric Compositions and Uses
Thereof” Y. Hu, Q. Li, and W. Si

A full proposal was encouraged and
submitted for funding (~1M$/year) from
the DOE BES office using the high
performance thermoelectric materials to
harvest solar energy.

LDRD FUNDING:

FY 2004 $ 61,780
FY 2005 $103,160
FY 2006 $ 25,616



Complex Thin Films and
Nanomaterial Properties

Jim Misewich 04-038

PURPOSE:

The purpose of this LDRD is to develop
state-of-the-art tools for high sensitivity
probing of nanomaterials and thin films.
The ultimate limit we seek is a capability to
probe multiple properties of a single
nanowire. The properties we wish to
measure include transport properties as well
as optical properties such as Rayleigh,
Raman, electroluminescence and photo-
conductivity spectroscopies. It is highly
desirable to integrate these capabilities with
other capabilities at Brookhaven for the
structural characterization of the same
individual nanomaterial sample.

APPROACH:

Qur approach starts with the nano-
lithographic capability at the CFN to
fabricate test structures with the nanometer
scale dimensions necessary for contacting
‘ultra-small structures. This is combined
with dispersion techniques to enable the
fabrication of a single nanowire in a
specially designed test structure with
electrical contacts. With these samples we
will use high sensitive electronics to
measure the transport properties, and optical
techniques including emission spectroscopy,
nonlinear spectroscopy, laser spectroscopy
and broadband spectroscopy at the NSLS to
get a complete picture of the optical
properties. Finally, we will determine the
physical structure of the same single
nanowires.
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TECHNICAL
RESULTS:

PROGRESS AND

Previously we established our ability to
fabricate the test structures, to disperse
single nanowires in our test structures, to
measure the transport properties of these test
structures, and to do optical studies on
individual nanowires. This includes photo-
conductivity on single nanowires as well as
electroluminescence from single nanowires.
We have now been able to extend these
studies to include Rayleigh spectroscopy
characterization and for the first time to
connect these capabilities with the ability to
measure the physical structure of the same
single nanowires. This has been done via
collaboration with the advanced electron
microscopy group at Brookhaven. In FY07,
we will further extend these capabilities by
designing experiments to measure the
broadband IR optical properties of single
nanowires at NSLS.

SPECIFIC ACCOMPLISHMENTS:

Publications:

1. Sfeir, MY, et al., Optical spectroscopy
of individual single-walled carbon
nanotubes of defined chiral structure.
Science, 2006. 312(5773): p. 554-556.

2. Hemraj-Benny, T., et al., Near-edge X-
ray absorption fine structure spectroscopy as
a tool for investigating nanomaterials. Small,
2006. 2(1): p. 26-35.

3. Upton, M.H,, et al., Effect of number of
walls on plasmon behavior in carbon
nanotubes. submitted to Phys. Rev. Lett.,
2006.

4. Panessa-Warren, B.J., et al., Biological
cellular response to carbon nanoparticle
toxicity. Journal Of Physics-Condensed
Matter, 2006. 18(33): p. S2185-S2201.



Our work has led to an FWP on
nanomaterial synthesis and characterization
from the Division of Materials Science and
Engineering of DOE Basic Energy Sciences.

LDRD FUNDING:

FY 2005 $190,532
FY 2006 $370,772
FY 2007 (budgeted) $195,000
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Lattice QCD relevant for
RHIC and AGS

Péter Petreczky 04-041

PURPOSE:

The purpose of this LDRD project was to
identify and in the long run solve lattice
Quantum Chromodynamics (QCD) problems
relevant for the physics program at RHIC and
AGS, especially those related to the Quark
Gluon Plasma (QGP) created at RHIC. One
of the main motivations for the project was the
creation of the Center for Lattice Gauge
Theory at BNL with a 10Tflop QCD on chip
(QCDOC) supercomputer, as well as, the
availability of the 10Tflop QCDOC machine
at RIKEN-BNL Research Center.

APPROACH:

The central questions for the RHIC heavy ion
program are related to the creation of new
states of strongly interacting matter and
investigation of its properties. Lattice QCD
can contribute to answering these questions by
first principles calculations of the relevant
quantities, for example, critical temperature
and the associated energy density for QGP
formation and quarkonium yield from a QGP.

To address the problem of the critical
temperature and energy density finite
temperature, we have carried out lattice
calculations with an improved staggered
fermion action, called p4fat3. It turns out that
this lattice fermion action is suitable to study
QCD thermodynamics even on relatively
coarse lattices.

To gain insight on the fate of different
quarkonium states in hot and dense strongly
interacting matter, the corresponding meson
spectral functions have been calculated in
quenched lattice QCD (where the effect of
dynamical quarks i1s neglected) and spectral
functions have been extracted using the
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Maximal Entropy Method based on a new
algorithm.

The following problems were addressed in
FYO05:

e Quenched lattice QCD calculations of
charmonia and bottomonia spectral on
anisotropic lattices (P. Petreczky, K.
Petrov)

e Study of the transition at finite
temperature with improved staggered
fermion formulation in three flavor QCD
(P. Petreczky, K. Petrov, C. Schmidt, T.
Umeda) :

TECHNICAL
RESULTS:

PROGRESS AND

Detailed calculations of charmonium and
bottomonium  correlators and  spectral
functions at several lattices spacings have
been done. Numerical calculations have been
performed on QCDOC supercomputer. The
use of different lattice spacings allowed us to
estimate the importance of the cutoff effects in
quarkonium correlators at finite temperature.
We have tested and used a newly developed
implementation of the Maximum Entropy
Method. The new algorithm does not rely on
the singular value decomposition and have
been proven to be more stable numerically
than the standard algorithm (the so-called
Bryan algorithm) which has been previously
used in the literature. Therefore, we could
calculate reliably the spectral functions at zero
temperature, where the results obtained from
the Maximum FEntropy Method can be
compared with the results obtained from it and
thus establish the reliability of the method.
We have identified the main structures in the
quarkonium spectral functions: ground state,
excited states and the continuum. We have
established that S-wave quarkonium spectral
functions do not show any temperature
dependence within the estimated errors till
temperatures as high as 1.57,, with 7, being
the transition temperature. The P-wave



spectral functions, on the other hand, show
significant changes right above the transition
temperature. We have identified the transport
contribution to the lattice correlators in the
vector channel for the first time, and give an
estimate of the averaged thermal velocity of
the heavy quark in Quark Gluon Plasma.

We have investigated the finite temperature
transition in three flavor QCD using improved
staggered action, the p4far3  action.
Calculations have been performed on the
QCDOC supercomputer using the Hybrid
Molecular Dynamics algorithm. This
algorithm has finite step-size errors.
Therefore, we also crosschecked our results
using the recently developed Rational Hybrid
Monte Carlo algorithm, which has no step-
size errors. The parameters of this new
algorithm have been optimized to suit the
finite temperature calculations with p4fat3
fermion action. We have found that the finite
step-size errors in our calculations are
significantly smaller than the statistical errors.
We have calculated the transition temperature
at two lattice spacings and several quark
masses, which enabled us to extrapolate to the
continuum and chiral limit.

The value of the transition temperature in
units of the Sommer scale, 7, turns out to be

r,I. =0.429(8). This value of the transition

temperature is only by 5% smaller than the
transition temperature in 2+1 flavor theory.

SPECIFIC ACCOMPLISHMENTS:
Publications:

A. Jakovac, P. Petreczky, K. Petrov and A.
Velytsky, “Quarkonium correlators and
spectral functions at zero and finite
temperature,” BNL-NT 06/44, submitted to
Physical Review D
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Presentations:

P. Petreczky, QCD Spectral functions at finite
Temperature Modeling the QCD Equation of
State at RHIC, Edward Teller Education
Center, LLNL, February 9-10, 2006

P. Petreczky, Lattice QCD at (finite
temperature, 22" Winter Workshop on
Nuclear Dynamics, March 11-19, 2006, La
Jolla, CA, nucl-th/0606013, to be published in
Heavy Ion Physics

P. Petreczky, Heavy quark diffusion and
lattice correlators, Finite Density QCD,
March 21-25, 2006, ECT* Trento, Italy

P. Petreczky, Quarkonium correlators and
spectral functions (invited talk), Strangeness
in Quark Matter 2006, March 26-31, Los
Angeles, CA, hep-ph/0606053, to be
published in J. Phys. G

P. Petreczky, Lattice simulations of strongly
interacting matter under extreme condition
(invited talk), 2006 APS April Meeting, April
22-25, 2006, Dallas, Texas

T. Umeda, QCD thermodynamics with
Nf =3 and 2 +1 near the continuum limit at

realistic quark masses, 2006 APS April
Meeting, April 22-25, 2006, Dallas, Texas

P. Petreczky, Heavy quark potentials and
spectral functions, The Physics of High
Baryon Density, May 29 — June 2, 2006,
ECT* Trento, Italy

LDRD FUNDING:

FY 2004 $ 69,272
FY 2005 $109,751
FY 2006 $ 48,156



Very Long Baseline Neutrino
Oscillations
Milind V. Diwan

04-043
PURPOSE:

We previously conducted extensive studies
of the physics capabilities of a very long
baseline neutrino oscillation experiment
based at BNL. We now have a good
understanding of how well such a facility
will perform for the following goals: precise
determination of the oscillation parameters
Am232 and sin2(2923) in v, disappearance
mode, detection of v,—>ve appearance,
sensitivity to sin’(20,3), measurement of
Am?%, and sin’(20,,) in appearance mode
(independent on the value of 63),
verification of matter enhancement and
determination of the sign of Am’sy,
determination the CP-violation parameter
Scp in the neutrino sector, and confirmation
of CP violation by dedicated anti-v running.

DOE and NSF have issued a charge to the
Neutrino  Scientific Assessment Group
" (NUSAG) dated on March 3, 2006 to
“address the American Physical Society's
recommendation for a next-generation
neutrino beam and detector configurations.”
To that end, NuSAG has initiated the US
Long Baseline Neutrino Experiment Study,
which is lead jointly by BNL and Fermi
National Lab (FNAL). The co-leaders of the
study's Advisory Committee are Milind V.
Diwan from BNL and Gina Rameika from
FNAL. As a result of the NuSAG charge, in
FY 2006 we have expanded the scope of our
study to encompass assessing the feasibility
of long baseline neutrino experiments using
beams from both the BNL AGS accelerator
and the Fermi Lab Main Injector accelerator.
We have compared the physics sensitivity of
long baseline neutrino experiments using a
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neutrino beam from Fermi Lab or BNL in
conjunction with the proposed NSF Deep
Underground Science and Engineering
(DUSEL) facility located at the Homestake
Mine in South Dakota or the Henderson
Mine in Colorado.

Our goal is to produce a detailed report on
the technical feasibility and physics
sensitivities of several US options for the
next generation of long baseline neutrino
experiments in collaboration with FNAL and
University groups to be presented to the
NuSAG in FY 2007. The BNL Physics

Advisory Committee (PAC) has
recommended that completion of this study
be given the highest priority.

APPROACH:

Future neutrino oscillation experiments must
be much more ambitious to precisely
measure the parameters and, for the first
time, observe violation of CP symmetry in
the lepton sector. We recently studied the
feasibility of a neutrino beam produced by
an upgraded AGS sent over 2500 km to a
massive  underground  detector. = We
concluded that such an experiment could
indeed achieve the above goal.

The continuation of our LDRD study has
two main approaches: 1) The determination
of the spectrum and intensity of neutrinos
from the FNAL Main Injector accelerator
and comparison with our previous studies of
the BNL AGS based neutrino beam. In
addition, we continue to refine the BNL
AGS beam targeting design: The beam-
related work is in collaboration with Bill
Weng, Harold Kirk, and others in the BNL
Collider Accelerator Department (CAD) as
well as collaborators at FNAL. It includes
simulations of various geometries for
producing the neutrino beam. 2) Optimizing
the overall experimental sensitivity using the
different neutrino beam designs, detector



technologies, and baselines. This work is
carried out by both theoretical analysis (with
help from Bill Marciano) and parametric
simulations that attempt to approximate the
detector response and estimate the physics
sensitivities. The parametric simulations
and sensitivity calculations are carried out in
collaboration with University partners and
BNL summer undergraduate interns.

TECHNICAL
RESULTS:

PROGRESS AND

For the beam simulation results, we have
succeeded in implementing the target and horn
system designs used for the BNL proposal
E889 into the NuMI (Neutrinos at the Main
Injector) beam simulation framework. The
NuMI simulation framework has been verified
with data from the MINOS experiment at
FNAL. We have compared this new
simulation with the previous simulations of
the AGS neutrino beam and found them to be
in reasonable agreement. We have varied
many simulation parameters, including the
beam targeting design, the proton beam
energy, and the beamline geometry and have
estimated the neutrino interaction rates and
have identified several beam design options
for on-axis and off-axis beams that could meet
the physics sensitivity requirements. These
results are being included in the report on the
US Long Baseline Neutrino Experiment
Study.

We have carried out many physics sensitivity
estimates using the new FNAL and AGS beam
configurations, experimental baselines and
detector technologies. This work was carried
out in collaboration with Dr. Patrick Huber of
the University of Wisconsin and several other
University research partners.

SPECIFIC ACCOMPLISHMENTS:
The formation of the US Long Baseline

Neutrino Experiment Study group in response
to the NuSAG was chaired by Sally Dawson
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(BNL) and Hugh Montgomery (FNAL). The
study group is now in the process of preparing
its report for the NuSAG under BNL
leadership.

Publications:

“Precision Physics with a Wide Band Super
Neutrino Beam.” V. Barger, M. Dierckxsens,
M. Diwan, P. Huber, C. Lewis, D. Marfatia, B.
Viren. Phys. Rev. D 74 (2006) 0703004.

Proccedings:

“Physics of a Long and Very Long Baseline
Neutrino Program,” Milind V. Diwan, The
April 2006 meeting of the American Physical
Society, April 22-25, 2006, Dallas, TX.

Proposals:

Proposal to use the Homestake Mine in South
Dakota as the site for the Deep Underground
Science and Engineering Laboratory and
conceptual design. NSF-05-506. PI. Kevin
Lesko from LBNL. (Milind Diwan is part of
the group that prepared this proposal for the
National Science Foundation.)

BNL proposal to conduct Detector R&D for a
future US Neutrino Physics Program. The
proposal was divided in tasks with separate
P.Ls. (M. Diwan (physics), B. Viren (detector
simulation), C. Yanagisawa (background
analysis), M. Dierckxsens (physics), M.Bishai
(photosensors), R. Tayloe (Fine grained liquid
scintillator),  R.S. Raghavan  (Liquid
scintillator detector development), B. Fleming
(liquid argon potential for physics). The
proposal was submitted to DOE-OHEP in
December, 2005.

LDRD FUNDING:

FY 2004 $ 71,099
FY 2005 $106,166
FY 2006 $ 46,012



Advanced SHe Detectors for
the Spallation Neutron Source

Graham C. Smith 04-046
Bo Yu

PURPOSE:

The Spallation Neutron Source (SNS) at
Oak Ridge National Laboratory is the
nation's premier neutron user facility, having
begun operations earlier this year. Most of
the beam-lines will require detector
upgrades as the beam intensity increases,
over the next few years, in order to exploit
fully the capabilities of the new facility. The
technical goal of this LDRD project is to
investigate an innovative readout method for
3He—based neutron detectors that possesses
extremely high rate capability and accurate
position determination in two-dimensions,
and with large solid-angle coverage. This
development targets all types of neutron
scattering techniques, particularly small
angle neutron scattering (SANS), and also
magnetism and liquids reflectometry.

APPROACH:

Several SNS instruments foresee rate
requirements of 10°s' over areas ranging up
to Im X Im. There is no detector technology
at present that can provide this capability. A
promising new technical approach is a
detector operating in ionization mode, or
unity gain, with discrete pixels, or pads,
read-out in parallel. The challenges of this
method include a high density of readout
pads, and inclusion of much of the
microelectronics inside the detector gas
volume. This would represent a radical, new
methodology for neutron user facilities.

Collaborators are G. DeGeronimo and N.
Schaknowski (BNL).
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TECHNICAL
RESULTS:

PROGRESS AND

Using an ionization chamber with depth of
40 mm, and anode pads on a 5 mm pitch, in
a geometry shown in Figure 1, it has been

Figure 1. Anode pad arrangement for charge sharing

measurements (part of a larger array using the same

geometry). Center to center spacing is 5 mm.
shown in this project that adequate charge
sharing of the electrons created after neutron
conversion in *He can be achieved. Sample
waveforms are shown in Figure 2, for a
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Figure 2. Waveforms from four adjacent pads for
three neutron conversion events. (a) All charge
collected by pad #0. (b) Charge shared between pad
#4 and pad #2. (c) Charge shared between pad #0,
pad #2 and pad #4.



mixture of 3 atm. He and 1 atm. of propane.
The >He provides very high efficiency
conversion for neutrons from 2 - IOA, while
the propane acts to limit the range of the
proton and triton created after neutron
conversion. Simulations of the charge
collection with this geometry are shown in
Figure 3, for a conversion that occurs
directly above pad #0, and in which all the

1m ‘; - SR - . - —_— - -
@ ¢ InducedCharge /
g Pointcharge travelling to center Pad #0
=~ of pad in an erray withd/a = 7.4
& o i
2 \
O w1 Pad#s1,.234,5,6
g .
0|

0 10 2 0
Distance from Window (mm)

Figure 3. Simulation of charge induced on central
seven pads for point charge originating at window,
directly above and drifting to the center of pad #0.

charge is collected by that pad. It can be
seen that the adjacent pads, though receiving
a net charge of zero, experience a small
induction of charge during the electron
cloud's drift, and this effect is reflected in
the waveforms of pad #3 in Figure 2 (b) and
(c). This most important observation
provides one of the keys to successful
implementation of the technique - the lower
level discriminator in the pad amplifiers
must be high enough to exclude the
induction signals, but also low enough to
accept events where one third of the charge
may be shared on a single pad. Since the
overall charge is about 25k electrons, and
the typical preamp noise is less than 1000
electrons FWHM with the low capacitance
of the pad, this compromise setting of the
lower threshold can successfully be
achieved.
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Figure 4. Calculation of combined proton/triton
range as a function of propane pressure.

The test device has pad spacing of Smm, and
with charge sharing occurring between at
most three pads, the spatial resolution
achievable is about 2.5 mm. This new
technique can be adapted for other position
resolution requirements by tailoring the
proton/triton range to different lengths,
according to the propane pressure. Figure 4
shows calculations that have been
performed, illustrating that at 1 atm. (as used
here), the combined range is about 5 mm.
Thus, a resolution of 1mm, for example,
could be achieved with a propane pressure
of about 2.5 atm. with a corresponding
increase in the pad density.

SPECIFIC ACCOMPLISHMENTS:

Publication

Two-dimensional, 3He Neutron Detectors
with Pad Readout for High Rates.
Schaknowski, N.A.; Smith, G.C.; Yu, B.;
and J. Doumas. IEEE Trans. Nucl. Sci. In
press.

LDRD FUNDING:

FY 2004 $ 72,953
FY 2005 $109,650
FY 2006 $ 50,173



Genetic NanoTags
James F. Hainfeld

04-055

PURPOSE:

Genomics and proteomics have advanced to
where it is of interest to identify and
characterize  cellular  complexes or
“machines.” In order to isolate these
complexes from cells for study, genetically
engineered tags have been developed to bind
the desired proteins to columns for
purification.  Unfortunately, most larger
complexes do not crystallize for x-ray
studies, so these are then studied by electron
microscopy (EM). A difficulty exists in
identifying component proteins (which
protein is where?), and orienting smaller
complexes, necessary for 3-D image
reconstruction and solving the structure.

We propose to use the tags commonly
genetically engineered into recombinant
proteins for the purpose of biochemical
purification to construct complementary
gold labels that will bind to these tags. This
could break the 500 kDa barrier for
cryo-EM by identifying subunits and
enabling their orientation and analysis.
Currently, complexes <500 kDa are not
generally solvable by cryo-EM since at the
low dose required, distinctive features are
not perceived, and the alignment with other
molecules, necessary to solve the 3-D
structure, is not possible. The work we
propose should make it possible for
cryo-EM  to solve <500 kDa protein
complexes at 10 A resolution, which would
be a significant advance for biology.

Four genetically engineered sequences
investigated: these will be programmed into
and expressed in target proteins. Gold
nanoparticles will be designed that will bind
to these four sequences: 1) Ni-NTA-gold
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‘binding to 6x-His

tags, 2) negatively
charged gold to 6x Arg tags, 3)
monomaleimido gold linked to cysteine, and
4) gold targeted to a gold-binding sequence.

This work will be applied to three important
molecular machine complexes required for
life: Ku70/Ku80/DNA-PK complex, human
chromatin remodeling complex ACF, and
the human ligase IV/Xrcc4 complex, all
being currently worked on in the Biology
department. Cryo-EM single particle data
will be collected in ice and reconstructions
done.

This work is cogent to the DOE Genomes to
Life (GTL) Initiative. The first goal of GTL
is: “Identify and characterize the molecular
machines of life.” NIH is investing heavily
in imaging (with their new National Institute
for Biomedical Imaging and Bioengineering,
NIBIB) with support for cryo-EM.
Preliminary results from this LDRD would
provide convincing evidence for follow-on
funding. It would also help establish BNL
as a unique cryo-EM center of excellence,
especially since label development is
deemed highly necessary for the field. We
are in a unique position to answer this need,
having established both nanoparticle
labeling expertise and genetic production of
tagged protein complexes.

APPROACH:

Three genetically engineered sequences
investigated: these will be programmed into
and expressed in target proteins. Gold
nanoparticles will be designed that will bind
to four sequences: 1) Ni-NTA-gold binding
fo 6x-His tags, 2) negatively charged gold to
6x Arg tags, 3) maleimido gold to link to
cysteine residues, and 4) gold targeted to a
gold-binding sequence.



TECHNICAL
RESULTS:

PROGRESS AND

Protein production and genetic engineering:
several proteins in the complexes that we are
to study have now been expressed in insect
cells using the bacculovirus method. This
includes Ku70, Ku80, Xrcc4, ISWI, and the
ACF chromatin remodeling complex. These
have been engineered with the 6x-Histidine
tag and for a control, without the His tag, by
substituting the Flag tag. Purification of
these proteins has been completed, and
various columns and buffer conditions were
explored to maximize yield and maintain
protein integrity. Under many conditions,
the proteins aggregate or do not purify well.
The conditions for Ku70/Ku80, ISWI, ACF1
and the complete ACF complex have now
been worked out to reasonable satisfaction.
ISWI has been expressed now with a GST
tag.

Additional genetic tags have now been
designed and have been produced: the Arg
tag, Cysteine tag, calmodulin binding
domain (CBD) tag, and gold-binding
sequence tag. These were added to
Chracl7, a component of the ACF complex,
and expressed in bactena.

The gold-binding sequence (GBS) tag was a
significant advance. = A phage display
system was used to identify peptide
sequences that bind strongly to gold
nanoparticles. After increasing rounds of
more stringent conditions, phage were
isolated and grown that contained the

binding sequence. The sequence was then-

identified by DNA sequencing. Another
approach was to bind gold clusters to a
“sticky” protein, fibrinogen, then digest it
with trypsin (several enzymes were tested)
and purify the gold-peptide conjugate. After
releasing the gold by mercaptoethanol
treatment, the peptide was determined by
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mass spectrometry. These two approaches
to find the gold-binding sequence were
combined and yielded several consensus
sequences. The top four candidates were
programmed into a plasmid to express
Chrac17 with this sequence at its
N-terminus. The tagged Chracl7 was then
incubated with gold and purified by size
exclusion gel chromatography. As a control,
Chracl7 was incubated with the gold
nanoparticles without the GBS tag. Results
showed that one of the sequences had very
specific binding with virtually no binding to
the control. Another showed binding, but
had some binding to the control. Electron
microscopy is underway to document the
specific binding morphologically.

Gold particle synthesis: 1.8 and 3-6 nm
gold particles with the nitrilotriacetic acid
functional ligand were synthesized. These
were then charged with nickel. Binding to
Ku70, Ku80, and ISWI was evaluated both
by blots and column chromatography.
Labeling with the gold targeted to the His
tag was compared to gold binding to the
same proteins without the His tags. A
significant problem to overcome is that we
found some binding of the gold particles to
proteins without the His tag, even though
there was more binding to those with the His
tag. Methods to eliminate this ‘“non-
specific’ binding were addressed, and
include: high salt to reduce electrostatic
binding, and use of detergents to reduce
hydrophobic interactions. We found that
high salt (0.3-0.5 M NaCl) was effective in
reducing background by blocking charge
interactions. We also found pre-reaction of
the protein with N-ethylmaleimide also
reduced background by blocking free thios
that can interact with gold nanoparticles.
Finally, a 10-20 molar excess of nickel ions
was particularly useful in eliminating
background binding. Changing the metal
from nickel to copper, mercury, cobalt,



zirconium, and gadolinium was explored to
give different binding affinities. Larger gold
nanoparticles (3-6 nm) were synthesized and
functionalized since they are more visible by
electron microscopy. Positive results of
specific binding to His-tagged proteins were
obtained.

A significant result was the formation of
various protein superstructures that we could
control by adjusting the size of the gold
nanoparticles, their surface functionality,
and the placement of the genetic tags. With
Adenovirus 12 (Ad12) knob proteins, we
were able to form spherical, virus-like
structures with the gold nanoparticle as the
core. With the 20S proteasomes, we were
able to form large, micron sized 2-D planar
arrays. This advance should facilitate EM
structural analysis of small proteins and
protein complexes.

Electron microscopy and image analysis:
Individual proteins, Ku70/80, ISWI, ACF1
and the ACF complex were prepared for
negative stain EM. Various stains were
investigated. The ACF complex
visualization was successful and about
12,000 particles were obtained and
processed to find the 3-D structure of this
important protein which has never been
solved. This is the first structural
determination of this important chromatin
remodeling complex.
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SPECIFIC ACCOMPLISHMENTS:

Publication:

Rational design of protein suprastructures
using functionalized nanoparticles: From
discrete monomer to ordered network.
Hu, M.; Qian, L.; Brinas, R.P.; Lymar, E. S_;
and Hainfeld, J. F. Nano Letters (submitted).

LDRD FUNDING:

FY 2004 $ 12,933
FY 2005 $114,424
FY 2006 $135,077



The Use of Singular Point

Genome Sequence Tags to
Analyze Community
Composition and Metabolic
Potential

Daniel van der Lelie 04-060

PURPOSE:

This project aims at developing a high
throughput approach to compare closely
related microbial strains and to analyze
microbial communities and their metabolic
potential. The proposed technique is a
unique spin-off of the Genome Sequence
Tag (GST) technology that was recently
developed and patented by BNL.

APPROACH:

Recognition site for anchoring enzyme l

Gene X Gene Y
conn ¥ - lé‘r 'fL—lJ—»l—
Conserved domains 1 2 3
Primers - - -

* Digest with anchoring enzyme

« Ligate Mmoel linker cassetts to ends

* Linear amplification with 5' biotinylated domain specific primer (—*)

« Exponential amplification with Mmel and d in specific pri

* Solid phase capture and release of tags (> ) adjacent to proximal sites for the
anchoring snzyme

Figure 1: Schematic representation of the SP-GST

approach on a conserved gene domain. Only one

conserved region per gene of interest is required to

generate genome signature tags. Tags (P>) can,

depending on the orientation of the primer, be

generated from the anchoring enzyme site located

upstream or downstream of the primer annealing site.

Different steps involved in generating tags arc

indicated in the figure. Numbers (1-3) indicate three

different conserved regions located in genes X and Y.

To overcome the major limitation of the
GST technology, namely the large number
of tags, we used the 16S rRNA gene to
develop the singular point GST technology,
as it is ideal for the following reasons:
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e 16S rRNA gene
prokaryotes.

e 16S rRNA copy number will define
number of distinct GSTs per species.

e Database available with >100,000 16S
rRNA gene entries.

e Tag frequencies will reflect community

present in all

composition.

e Each tag will allow direct coupling with
a 16S TrRNA gene for species
identification.

The principle of the SP-GST protocol we
developed is presented in Figure 1. In
addition to the 16S rRNA gene, it can be
employed for any gene as long as one
conserved domain is available. As
anchoring enzyme we determined Csp6l as
our best choice.

In addition, we are applying other 16S
rDNA based approaches to analyze the
composition of microbial communities
found in association with trembling aspen.

TECHNICAL
RESULTS:

PROGRESS AND

16S rRNA based SP-GST tags of pure
strains. To investigate whether 16S SP-
GST tags generated would allow us to
discriminate between closely related strains
of Bacillus cereus and Bacillus anthracis.
As the rDNA operons of the B. anthracis
species are nearly identical, none of the 59
chosen anchoring enzymes yielded internal
or upstream SP-GST tags from 16S rDNA
that distinguished between the B. anthracis
strains Ames, Ames 0581 and Sterne.
Internal 16S SP-GST tags and SARST tags
also failed to discriminate between B. cereus
and B. anthracis on the species level.
However, Csp6l-based identifier tags
generated upstream of the 16S rDNA clearly
do distinguish between B. cereus and B.
anthracis species, as well as between



different B. cereus strains. Therefore, when
comparing closely related members of the
genus Bacillus, Csp6l SP-GST tags
generated upstream of the 16S rDNA have
better specificity than internal 16S SP-GST
and SARST tags.

rDNA based libraries for microbial
community analysis. To better understand
the implications that elevated atmospheric
CO2 has on microbial communities, we
provide the first detailed analysis profiling
changes in specific groups of microbes to
specific soil processes. Classification of
6996 complete ribosomal DNA sequences
from soil beneath trembling aspen provides
an unprecedented, detailed and deep
branching profile of changes in its complex
microbial community composition induced
by elevated atmospheric carbon dioxide
(COz) (560ppm). Total bacterial and
eukaryotic abundance does not change;
however, an increase in heterotrophic
decomposers and ectomycorrhizal fungi is
observed. Nitrate reducers and ammonium
oxidizing archaea significantly decreased
under elevated CO,. These changes in soil
biota are evidence for altered interactions
between trembling aspen and the
microorganisms in its surrounding soil. This
supports higher turn-over rates of biomass
and availability of essential elements for
increased plant growth under elevated CO:..

These changes in the trembling aspen
microbial community composition further
support previously reported increases in fine
root biomass turn-over rates, sustaining the
availability and translocation of essential
nutrients required for increased plant growth
under elevated CO,.  This 1is further
supported by Hu, et al., who noted that
elevated CO, alters the interaction between
plants and microbes in favor of plant N
utilization, thus prolonging the observed
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increase in plant biomass production under
elevated CO,.

Our results show that microbial
communities appear to be altered by
elevated atmospheric CO; and that these
changes can have implications for
ecosystem function, especially via effects on
the cycling of essential elements. Future
investigations should shed more light on
how elevated atmospheric CO, affects the
diversity of life, the complexity and
functioning of microbial communities in
soil, the cycling of essential elements, and
may further facilitate the prediction of such
environmental impacts providing the key for
their future correction.

SP-GST is a high throughput sequencing
based method that only requires the presence
of one conserved domain in the gene of
interest. This  makes  SP-GST
complementary to  well  established
microarray methods for the analysis of
microbial communities and their specific
functions. The SP-GST concept on the 16S
rRNA gene was part of a previously
reported  patent  application  entitled
“Genome Signature Tags.”

We performed the largest study of the
microbial communities in the rhizosphere to
date and confirmed the important role of
Archaea in soil processes.

SPECIFIC ACCOMPLISHMENTS:
Publications:

Factors influencing the composition of
bacterial communities found at abandoned
copper-tailings dumps. De la Iglesia, R.;
Castro, D.; Ginocchio, R.; van der Lelie, D.;
and Gonzalez, B. J. Appl. Microbiol. 100,
537-544 (2006).



Column experiments to assess the effects of
electron donors on the efficiency of in situ
precipitation of Zn, Cd, Co and Ni in
contaminated groundwater applying the
biological sulfate removal technology.
Geets, J.; Vanbroekhoven, K.; Borremans,
B.; Vangronsveld, J.; Diels, L.; and
van der Lelie, D. Environ. Sci. & Pollut.
Res. 13, 362-387 (2006).

DsrB gene-based DGGE for community and

Use of single-point genome signature tags as
a universal tagging method for microbial
genome surveys. van der Lelie, D
Lesaulnier, C.; McCorkle, S.; Geets, J;
Taghavi, S.; and Dunn,J. Appl. Environ.
Microbiol. 72(3), 2092-2101 (2006).

Elevated CO, affects soil microbial diversity
associated with trembling aspen. Lesaulnier,
C.; Papamichail, D.; McCorkle, S.; Ollivier,
B.; Skiena, S.; Taghavi, S.; Zak, D.; and

diversity surveys of sulfate-reducing van der Lelie, D. PloS Biol. (in

bacteria. Geets, J.; Borremans, B.; Diels, L.; preparation).

Springael, D.; Vangronsveld, J.; van der

Lelie, D.; and Vanbroekhoven, K. LDRD FUNDING:

J. Microbiol. Methods 66(2), 194-205

(2006). FY 2004 $121,236
FY 2005 $185,509
FY 2006 $ 77,544
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3-D Electronic Wave

Functions from EM Images

Joseph S. Wall 04-061
Y. Zhu

PURPOSE:

Presently available detectors in the Scanning
Transmission Electron Microscope (STEM)
record only a small fraction of the available
information. =~ We have designed a new
detector to record over 1000 signals
simultaneously, instead of the present 3. We
are using image simulation to understand how
to combine these signals in order to determine
atom locations and charge distribution in the
specimen. The TEAM Project (Transmission
Electron Aberration-corrected Microscope) is
a major DOE/BES effort to improve the
resolution of both conventional and STEM
instruments. Development of better detectors
1s an important aspect of that project and our
efforts, if successful, should enhance BNL's
position to obtain the second TEAM
Instrument (the first is already committed to
Lawrence Berkeley National Lab).

APPROACH:

STEM makes an image by scanning a finely
focused probe over a thin specimen while
recording the number of electrons deflected as
a result of striking atoms in the object. The
scan 1s a TV-type raster and all signals are
stored and displayed digitally. The 3 signals
recorded currently give a quantitative map of
the mass distribution and this is the basis of
our BNL STEM user facility with over 50
active projects.

The three signals presently used are obtained
by integration over annular regions of the
detector plane using scintillators and
photomultipliers to give quantum detection
efficiency. = Large-angle and small-angle
scattering detectors give dark-field images
proportional to the mass of atoms in the path
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of the beam. These signals are useful for
quantitative microscopy and imaging of atom
columns in thin specimens. As valuable as
this information is, it is only a small fraction
of what could be used.

The new approach supported by this LDRD is
to utilize the additional information present in
the detector plane, which is now lost by
averaging. The actual intensity distribution
consists of three components: 1) a convergent
beam electron diffraction (CBED) pattern
outside the disc of the transmitted beam
giving information about the 3-D spatial
arrangement of atoms within the probe, 2) an
in-line hologram within the disc of the
transmitted beam and 3) lateral displacement
of the central beam disc due to electric or
magnetic fields within the area probed by the
beam.

We have adapted image-simulation software
to study: 1) information available, 2) detector
properties needed to record it, 3) methods to
extract specimen information and 4) results to
be expected on scientifically interesting
specimens. The software uses the multi-slice
method to accurately simulate propagation of
an electron wave through a specimen
containing up to 10" atoms, as well as the
wave optics of image formation. This allows
simulated imaging of all atoms in a 25 nm
cube. Objects can be any known structure and
can be placed on an amorphous or crystalline
support and embedded in an amorphous or
crystalline matrix.

In a previous LDRD we designed a high-
resistivity Si detector with 32x32 elements,
high detection efficiency and high speed,
suitable for STEM use. The first device,
fabricated in the Instrumentation Division had
a serious defect. The second try was not
perfect, but appears adequate to demonstrate
the utility of the approach. Testing on STEM
revealed problems with the electronics, which
are being corrected by the Instrumentation
Division. This prototype will play a key role
in future application of the TEAM instruments



and strengthen BNL's case for hosting the
second TEAM instrument.

To test our approach, we have selected two
specimens of interest to the NanoScience
community and available at BNL: 1.4 nm

diameter gold particles (catalysts) and
nanotubes.
TECHNICAL PROGRESS AND
RESULTS:

We recruited a post doc, Xiaodong Tao. His
tasks were to critique previous work in this
area, work on reconstruction algorithms and
aid in data analysis. Unfortunately, he left to
take a permanent position elsewhere in July
'05 and Steve Volkov, an Assistant Scientist in
Y. Zhu's group, took his place, but with some
loss of continuity.

The high-risk component is the attempt to
retrieve  asymmetric  electronic  charge
distributions as well as atomic coordinates for
ordered and "amorphous" objects.  The
intermediate goal is to retrieve the exit wave
amplitude and phase, from which the atomic
arrangement can be deduced.

Thus far we improved the simulation program
and generated simulated data for gold
particles and nanotubes. This data is free of
practical limitations (such as vibration, finite
dose, radiation damage, etc.) and is being used
to test reconstruction algorithms.

All of the ideas regarding the “oversampling
problem” have been summarized to solve the
reconstruction  problem  for  “in-line”
holography for STEM and how the complex
potential (projection) of any object could be
retrieved from collecting and analyzing a
series of CBED pattens have been
summarized.

Volkov refined these ideas and developed new
algorithms for "Position-Sensitive Diffractive
Imaging in STEM by an Automated Chaining
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Diffraction Algorithm." We expect to
continue after the expiration of the LDRD to
test the version 2 STEM CBED detector in
STEM3 in Biology and produce real data for
comparison to the simulations. We will
investigate the effect of charged atoms and
asymmetrical  charge  distributions in
simulation and reality. We will define the
extent to which we can extract 3-D atomic
positions and charge distributions from data
acquired with the STEM CBED detector and
the increase in value of the data relative to that
available with the standard integrating annular
detector.

SPECIFIC ACCOMPLISHMENTS:
Publication:

"Position-Sensitive Diffractive Imaging in
STEM by an Automated Chaining Diffraction
Algorithm,” V. V. Volkov, J. Wall and Y. Zhu
Submitted to Ultramicroscopy

Proceedings:

MSA Conference, Chicago, Jul.30 - Aug. 3,
2006, "Simulation of Coherent Scattering in
the STEM," J S Wall (platform)

“Exit Wave Function Retrieval from
Diffraction Patterns with Variable SAED
Aperture,” V. Volkov, J. S. Wall, Y. Zhu
(platform)

Award:

J. Wall, Microscopy Society of America,
Scientist of the Year, 2006- Biology

LDRD FUNDING:

FY 2004 $ 98,945
FY 2005 $149,814
FY 2006 $ 67,144



Functional MRI Studies in

Rats Using Implanted Brain
Electrodes

Andrew N. Gifford 04-062

PURPOSE:

The overall goal has been to determine the
feasibility of using the animal MRI to
identify regions of the brain that become
activated by direct stimulation of the brain
via an implanted electrode. These
experiments are performed on anesthetized
rats. Using the implanted electrode it is
possible to activate very localized areas or
specific fiber tracts in the brain to determine
their effects on other regions of the brain to
which they are connected. Having
developed this new approach to functional
brain mapping, we have used it to address
specific issues that remain unresolved in the
neurobiology field. For example, a question
we have investigated is to determine the
effect of neuronal activity in the striatum on
functional activity in the substantia nigra, a
brain region that receives direct neuronal
input from this area.

The implications of this project in terms of
the BNL institutional strategy are the
development of a new and relatively
powerful approach to using the animal MRI
(and PET) instrumentation at BNL to
perform  functional  brain  imaging
experiments in rodent models.

APPROACH:

The previous fMRI (functional Magnetic
Resonance Imaging) studies performed in
rats and mice have mostly involved mapping
the changes in fMRI signals in the sensory
cortex of the brain produced by sensory
stimulation, such as pain signals or olfactory
signals, in the anesthetized animal.
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Although these studies have been valuable
in examining the fMRI response in the
sensory cortex, they have been of little value
in examining neuronal activity outside of
this region. In our approach we have used
an electrode implanted in the brain of the
animal to provide direct and selective focal
activation of regions outside of this one area.
Our studies in this project focused on
electrical stimulation in the striatum and
motor cortex, since the anatomical
connections of these regions to other brain
areas is well documented and of significant
clinical importance. Also, together with the
MRI studies, we used Bp.
fluorodeoxyglucose (FDG) and ex vivo
autoradiography to verify activation of the
brain tissue by electrical stimulation via the
implanted electrode.

The electrode development and surgeries
were performed by Dr. Jasbeer Dhawan
(senior research associate). Dr. Congwu Du
and her student assisted us with setting up
the MRI imaging.

TECHNICAL
RESULTS:

PROGRESS AND

Activation patterns from stimulation in the
thalamus. We conducted several studies in
which the stimulating electrode was placed
in the thalamus of the rat. The stimulation
was then switched on while simultaneously
collecting images with the animal in the
MRI scanner. Images were acquired over
the frontal cortex area that corresponds to
the expected region of activation from
stimulation of this area. Analysis of the data
from these rats indicated a pronounced fMRI
activation in the frontal cortex on the side of
the stimulation. This activation was in
exactly the expected area from the known
anatomical connections between the
thalamus and the frontal cortex. These
experiments thus effectively confirmed that
fMRI  neural activation could be



demonstrated by direct electrical stimulation
of brain pathways, which was the primary
goal of our project.

Activation patterns from stimulation in the
striatum. Following the success of our
thalamic stimulation experiments, we
conducted a number of exploratory studies
in which the stimulating electrodes were
placed in the striatum, a component of the
basal ganglia in the brain. Stimulation of
this area is of interest since unlike the
thalamic-cortical pathway, the pathways
leading out of the striatum are inhibitory
rather than excitatory. As we had
hypothesized, stimulation of the striatum
failed to produce a significant {fMRI
activation within the striatum itself,
confirming our prediction that activation of
inhibitory pathways in the brain would not
produce an fMRI signal. However, in
several of the rats we examined we saw
robust fMRI activation in the thalamic
region. This was interesting since this
region is not directly connected to the
striatum and suggests a disinhibition of
nigral-thalamic neurons by the striatal
stimulation.

SPECIFIC ACCOMPLISHMENTS:

Presentations: Mapping functional neural
pathways in the rat brain using intracranial
electrical  stimulation. Dhawan, J;
Kanderappa, S.; and Gifford, AN. Society
for Neuroscience 35" Annual Meeting.
Washington DC, Nov 12-16, 2005.

Future funding: Two NIH proposals
employing the preliminary data collected in
this LDRD have been submitted and are
currently under review.

NIH-NBIB (Gifford; Benveniste as co-P.1.)
RO1 (proposed dates: 04/07 - 03/10;
$750,000 total direct)
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Functional neuroimaging studies in the rat
basal ganglia

NIH-NINDS (Gifford)
RO1 (proposed dates:
$950,000 total direct)
Functional and pharmacological mapping of
deep brain stimulation in rats

08/07 - 07/11;

LDRD FUNDING:

FY 2004 $ 78,466
FY 2005 $119,912
FY 2006 $ 56,135



Optimizing Functional Neuro-

imaging Techniques to Study
Brain Function in Health and
Disease States

Rita 7. Goldstein

04-063
PURPOSE:

The optimal study of functioning human
brain circuits would reveal both the location
and progression of the neural activities
underlying mental processes. We combine
simultaneously the high spatial resolution of
functional magnetic resonance imaging
(fMRI]) with the high temporal resolution of
event-related potential (ERP) brainwave
analyses. This project brings a highly
innovative  technique to BNL for
development as a  high-resolution
spatiotemporal functional neuroimaging for
the assessment of cognitive-behavioral (e.g.,
sustained attention, working memory,
inhibitory control) and emotional (e.g.,
salience/reward attribution) brain functions
in addiction and other medical science
research.

APPROACH.:

A combination of the complementary fMRI
and ERP techniques is a very attractive aim
in neuroscience, and a number of research
groups have taken up the challenge.

Goldman et al. (UCLA Brain Mapping
Center) developed a method for acquiring
simultaneous electroencephalography (EEG)
and fMRI by combining analog
preprocessing and digital post-processing to
strongly suppress common artifacts. Their
group implemented a functional scan
protocol that yields windows of artifact-free
EEG between short gradient and radio
frequency bursts during functional scanning.
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Bonmassar et al. (WNMR Center at
Massachusetts General Hospital). They
recorded sensory ERPs using interleaved
EEG and fMRI techniques. Their group
demonstrated the feasibility of recording
even small exogenous ERP components.

Kruggel et al. (Max-Planck Institute of
Cognitive Neuroscience) has conducted
combined ERP—fMRI experiments under
cognitive stimulation using a 3 T MR
scanner. Their group has studied later
endogenous processes including Gestalt
perception and target processing.

Other groups in the United Kingdom
(Lemieux et al., Welcome Department of
Cognitive Neurology; Allen et al., National
Hospital for Neurology and Neurosurgery)
reported on the basic science and clinical
utility of the EEG/fMRI combination for
localization of the generators of interictal
epileptiform discharges.

Our laboratory has developed a response
inhibition paradigm for examining reward
processing and motivation in both fMRI and
ERP environments. We have recorded
control subjects as they performed the task
during separate fMRI and ERP sessions.
Amplitudes of the cognitive P300 ERP
component were significantly larger in
monetarily motivating conditions, and
corresponded with subjective ratings of
interest and excitement about the task.
During fMRI in controls and cocaine addicts
the task produced a distinct pattern of
activation in the orbitofrontal cortex of
cocaine addicts that mirrored subjective
reports showing deficits in reward
processing. We expected to find similar
reward processing deficits in cocaine addicts
under our ERP paradigm, as reflected by
P300 amplitude and self-report measures.



TECHNICAL
RESULTS:

PROGRESS AND

During 2004 the hardware and software
components required to acquire and analyze
human cognitive ERPs were identified and
acquired. After consideration of several
state-of-the-art  alternatives, a leading
commercial ERP system was selected.
Modifications of the existing research
protocol to incorporate ERP testing were
completed and approved by the BNL IRB.

In 2005 Tom Maloney was hired to develop
the ERP laboratory. Dr. Maloney
rehabilitated the BNL lab space and installed
the NeuroScan ERP system for independent
use outside the fMRI environment. Dr. Lisa
Cottone ported the established fMRI
paradigm for assessment of the sensitivity to
monetary reward for use in eliciting
cognitive ERPs. The development of novel
cognitive tasks for use during simultaneous
fMRI/ERP recordings was initiated, and
produced 3 new tasks: the drug Stroop,
threat Stroop, and the punishment Stroop.
ERP data was collected for 16 cocaine-
addicted subjects and 5 healthy controls.

We have now collected data from an
additional 9 cocaine-addicted, and an
additional 15 healthy control subjects (for a
total of 45 subjects) using the monetary
reward task. We have also been been joined
by Muhammad Parvaz, a Ph.D. student from
the SBU Biomedical Engineering program,
who is working on the development and
implementation of methods for the
coregistration and analyses of the fMRI and
ERP data. Data of the first 18 cocaine and
18 control subjects have been analyzed.

We have also collaborated with Giorgio
Bonmassar at MGH, and pending final
system modifications, we plan to purchase
Dr. Bonmassar’s unique system.
Specifically, we are interested in taking
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advantage of the open SW source written
mostly in high-level language (Labview) and
the open HW schematics by customizing the
system to our internal needs. We expect that
the 128 channel MRI-compatible EEG
system now in development will enable us to
obtain supremely high resolution EEG
recordings. The system employs a novel
128 Channel InkCap that allows safer
EEG/MRI recordings at the very highest
spatio-temporal resolution. We believe this
system and its future derivatives will lead in
the cognitive neuroscience market, as other
currently available systems have not proven
sufficiently reliable for our research

purposes.

This integration of the EEG data with
anatomical and functional MR images is
essential for advancing our cognitive
neuroscience studies by including highly
accurate sampling of the scalp recorded
electric field. Specifically, the EEG/fMRI
multimodality will enable us to perform
experiments where the number of stimuli is
limited, and where consequently it is
impossible to repeat the same experiment
with the same subject using the two
modalities separately. Studies of the effect
of sleep deprivation or pharmacological
intervention (e.g., methylphenidate) on long-
term priming or leamning are a prime
example. Furthermore, scanner noise in the
MRI environment (mostly during EPI) can
influence the timing and amplitude of ERPs
making the separate  measurements
incongruent.

This project involves human subjects.

SPECIFIC ACCOMPLISHMENTS:

Pl received Woman of the Year in Science,
Brookhaven Town Award.
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