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Introduction

Brookhaven National (BNL) Laboratory is a
multidisciplinary laboratory that carries out
basic and applied research in the physical,
biomedical, and environmental sciences, and
in selected energy technologies. Itis managed
by Brookhaven Science Associates, LLC,
under contract with the U. S. Department of
Energy. BNL’s total annual budget has
averaged about $460 million. There are about
2,700 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 413.2A, "Laboratory Directed Research
and Development," January 8, 2001, and the
LDRD Annual Report guidance, updated
February 12, 1999. In FY 2005 the LDRD
Program continued to obtains its funds
through the Laboratory overhead pool and
operates under the authority of DOE Order
413.2A. Based on pending guidance from the
DOE-CFO this funding structure will be
changing in FY 2006.

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 emphasisis
clearly articulated by BNL to be on supporting
exploratory research "which could lead to new
programs, projects, and directions" for the
Laboratory.

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.

The LDRD Annual Report -contains
summaries of all research activities funded
during Fiscal Year 2005. The Project
Summaries with their accomplishments
described in this report reflect the above goals
and objectives. Aside from leading to new
fundable or promising programs and
producing especially noteworthy research, the
LDRD activities have resulted in numerous
publications in various professional and
scientific journals and presentations at
meetings and forums.

All FY 2005 projects are listed and tabulated
in the Project Funding Table. Also included
in this Annual Report in Appendix A is a
summary of the proposed projects for FY
2006. The BNL LDRD budget authority by
DOE in FY 2005 was $10.5 million. The
actual allocation totaled $9.0 million.

The following sections in this report contain
the management processes, peer review, and
the portfolio's relatedness to BNL's mission,
initiatives and strategic plans. Also included
is a metric of success indicators and Self
Assessment.



Management Process

PROGRAM ADMINISTRATION:

Overall Coordination: Overall responsibility
for coordination, oversight, and administration
of BNL's LDRD Program resides with the
Laboratory's Director. Day-to-day responsi-
bilities regarding funding, oversight, proposal
evaluation, and report preparation have been
delegated to the dedicated Scientific Director
(SD) for the LDRD Program who now reports
to the Assistant Laboratory Director for Policy
and Strategic Planning. (PSP). The Office of
the Assistant Laboratory Director for Finance
(ALDF) continues to assist in the
administration of the program. This includes
administering  the  program  budget,
establishment of project accounts, maintaining
summary reports, and providing reports of
Program activities to the DOE through the
Brookhaven Site Office Manager.

Responsibility for the allocation of resources
and the review and selection of proposals lies
with a management-level group called the
Laboratory Directed Research & Development
Program Committee. For Fiscal Year 2005,
the Program Committee--which selected the
2006 programs--consisted of twelve members.
The Scientific Director of the LDRD Program
chaired the Committee, and the other
members were the Assistant Laboratory
Director for Policy and Strategic Planning
(PSP), five Associate Laboratory Directors
(ALDs), and five members from the scientific
departments and divisions (S).

2005 LDRD PROGRAM COMMITTEE

Leonard Newman Chairperson (SD)

Pat Looney Assistant Laboratory
Director for Policy and
Strategic Planning
(PSP)

Ralph James Energy, Environment &
National Security (ALD)

Samuel Aronson High Energy & Nuclear
Physics (ALD).

Peter Bond Life Sciences (Interim
ALD)

Steven Dierker Light Sources (ALD)

Doon Gibbs Basic Energy Sciences
(ALD)

John Dunn Biology (S)

James Davenport Computational Science

Center (S)
Steven Kettell Physics (S)
G. Carr Light Source (S)
Jose Rodriguez Chemistry (S)

Allocating Funds: There are two types of
decisions to be made each year concerning the
allocation of funds for the LDRD Program.
These are: (1) the amount of money that
should be budgeted overall for the Program;
and (2) of this, how much, if any, should go to
each competing project or proposal. Both of
these decisions are made by high-level
management.

For each upcoming fiscal year the Laboratory
Director, on recommendation by the Deputy
Director for Science and Technology
(DDS&T) and the Assistant Laboratory
Director for Policy and Strategic Planning
(PSP) and in consultation with the ALDF,
develops an overall level of funding for the



LDRD Program. The budgeted amount is
incorporated into the Laboratory's LDRD
Plan, which formally requests authorization
from the DOE to expend funds for the LDRD
Program up to this ceiling amount.

The majority of projects are authorized for
funding at the start of the fiscal year.
However, projects can be authorized
throughout the fiscal year, as long as funds are
available and the approved ceiling for the
LDRD Program is not exceeded.

The actual level, which may be less, is
determined during the course of the year and
is affected by several considerations
including: the specific merits of the various
project proposals, as determined by
Laboratory management and the members of
the LDRD Program Committee; the overall
financial health of the Laboratory; and a
number of budgetary tradeoffs between LDRD
and other overhead expenses.

At BNL the LDRD Program was historically a
much smaller portion of the total budget than
at comparable National Laboratories. This
prevented the Laboratory from preparing itself
for work in emerging areas of research.
Accordingly, the LDRD budget has been
significantly increased over the past ten years
from $2.0 million to $9.5 million, or from less
than 1% to almost 2% of the Laboratory
budget. The target level is to go to about 4%,
which would still be significantly less than the
DOE mandated maximum of 6%.

Request for Proposals: The availability of
special funds for research under the LDRD
Program is well publicized throughout the
Laboratory. This is done using two methods -
-one occurring at yearly intervals, the other
occurring irregularly. Each year a call letter is
sent by the SD for LDRD to the Scientific
Staff and as a separate memorandum to all the

Associate  Laboratory  Directors  and
Department Chairpersons. The FY 2006 call
issued in February 2005 is attached as Exhibit
A. This early schedule better facilitated the
recruitment of post-doctorate candidates to
support LDRD projects. We continued the
process initiated in FY 02 that permits the
deferral of expending the budget allocation
into a third year to permit the full funding of
post doctorates for two years, as they might
not arrive at the onset of the LDRD project.
The call references the BNL LDRD
Standards-Based =~ Management  System
(SBMS) Subject Area, which is available to
all employees on the web at
https://sbms.bnl.gov/sbmsearch/subjarea/99/9
9 SA.cfm?parentID=99. The other method is
through a feature article in The Bulletin, the
Laboratory's weekly newspaper.

The LDRD SBMS Subject Area specifies the
requirements necessary for participation in the
program. It states the program's purpose,
general characteristics, procedures for
applying, and restrictions. An application for
funding, i.e., a project proposal, takes the form
of a completed "Proposal Information
Questionnaire," Exhibit B. An application
must be approved up the chain-of-command
which includes the initiator's Department or
Division Budget Administrator and the
Department Chairperson or Division Head.

The Chairperson or Division Head reviews the
Proposal Information Questionnaire for
completeness. This includes the review of
responses to questions on National
Environmental Policy Act (NEPA) and
Environmental Safety and Health (ES&H).

Plans to ensure the satisfactory continuation of
the principal investigator's regularly funded

programs must also be approved.

The applications are then forwarded to the



LDRD Program Committee for full review
and consideration for funding.

The process that solicits and encourages the
development of proposals has evolved into
two modes of operation. Specifically, the
ideas for proposal development may originate
among the scientific staff in response to the
general call for proposals. Alternatively, they
may be initiated by Laboratory science
management. A portion of the LDRD budget
was set aside as the Laboratory Directors Fund
to address these issues. Eventually, both
follow the standard procedures for proposal
approval up the chain-of-command to the
same decision makers. The fact that all
proposals must be approved up the chain-of-
command permits BNL managers to consider
all ideas together when designing the mix of
projects for the LDRD Program.

Program Process

 REQUESTFORPROPOSALS |

- Call for Proposals -LDRD Manual

© PRINCIPAL INVESTIGATOR

- Prepares Proposal
- Completes Questionnaire

FINANCIAL ADMINISTRATOR

DEPT CHAIRIDIV HEAD

LDRD COMMITTEE

LDRD Committee:
-Reviews Proposals H
- Approv./Disapprov.

© LABORATORY DIRECTOR

- Apprv./Disapprv. Proposal List Award Notice
. (Pending DOE
Concurrence)

Scientific Directorand ALD Finance

Provides DOE: | : Provides Oversight& : | -Set-up Account
-Apprv. Proposals | i Checks & Balances | :-Collect Costs by AIC
-LDRD DataBase | ! Reporting

-Reports

An initiative from management typically takes
the form of a broad topical area or item of
special interest such as computational biology.
Then these “areas of interest” are
communicated broadly to the scientific staff
and in particular to staff members who are
known to be in a position to pursue and
develop their ideas in the form of a more
formal proposal.

Proposal Review: Once the cognizant line
managers approve the proposals, they are
forwarded to the Chairperson of the
Committee (SD for LDRD) who transmits a
copy of the abstracts of all proposals received
to the Committee for review. The Committee
considers all proposals that have met certain
minimum requirements pertaining to the
Department's and BNL's LDRD policies.

Lead proponent responsibility of a proposal is
assigned to that Associate Laboratory Director
of the Committee who oversees and directs
the technical area from which the proposal
originated. One other ALD and a S serve as
second proponents. The SD and the PSP serve
as third proponents for all of the proposals.
All of the above receive for review the full
proposals for which they are responsible. A
description of the process is outlined in the
Figure above. All members have several
weeks to review the proposals and prepare for
a full debate on each proposal. The DOE
Project Manager is present during the
Committee evaluation sessions as a non-
voting member.

Selection Criteria: Minimum requirements
for each proposal are: (1) consistency with
program purpose; (2) consistency with
missions of BNL, DOE, and NRC; (3)
approval by Department Chairperson and/or
Division Head, and cognizant Associate/
Assistant  Director; (4) assurance of
satisfactory ~ continuation of principal



investigator's regularly funded programs; (5)
modest size and generally scheduled for 2
years but limited to no more than 3 years; (6)
will not substitute for, supplement, or extend
funding for tasks normally funded by DOE,
NRC, or other users of the Laboratory; (7) will
not create a commitment of future multi-year
funding to reach a useful stage of completion;
and (8) will not fund construction line-item
projects, facility maintenance, or general
purpose capital equipment.

The selection criteria used to evaluate and
rank individual proposals are stated in broad
terms. While the LDRD SBMS Subject Area
clearly states that selection is based on (1)
scientific or technological merit, (2)
innovativeness, (3) compliance with minimum
requirements, (4) proposal cost as compared
to the amount of available funding, and (5) its
potential for follow-on funding.  The
requirements of DOE Order 413.2A are also
carefully considered during the selection
process to ensure that proposals are consistent
with DOE criteria.

Project Approval: All proposals are rated and
then discussed with the discussion of the
lower rated proposals kept to a minimum.
The Committee selects the highest priority
proposals, by concurrence, for detailed
discussion. Final selections are made by a
vote of the ALDs as recommended for
funding. Some funding may be held in
reserve earlier in the fiscal year so that funds
remain available for proposals submitted at
later dates. The funding amount requested in
any one specific proposal may be changed or
adjusted during the approval process. The
Committee's recommendation is then
submitted to the Laboratory Director for
approval. After approval by the Director all
new projects are submitted to the DOE-
Brookhaven Site Office (DOE-BHSO) for
concurrence by the DOE Project Manager

prior to start. The ALDF then sets up a
separate laboratory overhead account to
budget and collect the costs for the project.

Project Supervision: The SD for LDRD
carries out overall supervision of the projects.
Supervision over the actual performance of

- LDRD projects is carried out in the same way

as other research projects at the Laboratory.
Each principal investigator is assigned to an
organizational unit (Department, Division),
that is supervised by a chairperson or
manager.

Each chairperson or manager is responsible
for seeing that the obligations of the principal
investigator are satisfactorily fulfilled and that
the research itself is carried out according to
standard expectations of professionalism and
scientific method. The SD monitors the
project's status, schedule, and progress and
coordinates with the chairperson or manager
as necessary.

The SD organizes a mid-year review of all
projects. Each PI presents a progress report
on the status of their project. In attendance is
the SD, the PSP, the DDS&T, the cognizant
ALD and Department Chair, and a
representative from the ALDF and DOE-
BHSO. This review checks on the progress of
the projects including its funding schedule.
This allows the SD to ensure that the work be
completed in a timely manner.

In addition, the SD conducts a monthly
meeting with the DOE LDRD Project
Manager to update the progress of the
program and to solicit assistance to verify that
the BNL LDRD Program is meeting the
overall LDRD requirements. This includes -
providing the DOE-BHSO with copies of all
funded proposals, an LDRD Program
database, and a project funding and schedules
summary report.



Project Reporting: Routine documentation of
each project funded under the LDRD Program
consists of a file containing: (1) a copy of the
written proposal; (2) all interim status reports;
(3) notifications of changes in research
direction, if any; and (4) reports on costs
incurred. Also, a formal LDRD Plan and the
Annual Report on the LDRD Program (this
Report) are submitted to BNL management
and the DOE summarizing work progress,
accomplishments, and project status on all
projects.

Documentation for the overall Program
consists of (1) various program history files,
(2) a running list of all proposals with their
acceptance/rejection status, (3) funding
schedule and summary reports for all
approved projects, (4) permanent records on
cost accounting, and a database containing
information on each funded project
(description, funding by fiscal year, status and
accomplishments,  follow-on  funding,
publications, etc.). We have a Data Collection
Form (Exhibit C) so that we can more
formally collect information on the impacts of
the projects. Each project will be tracked for
two years after its completion so as to gather a
complete set of data on the impact of the
project. Also, we input LDRD data into the
DOE-Chief Financial Officer’s Laboratory/
Plant Directed Research and Development
Web Site (https://ldrdrpt.doe.gov) to support
DOE reporting of LDRD to Congress.

Some of the projects may involve animals or
humans. Those projects will have received
approval from the Laboratory's appropriate
review committees. The projects which
involve animals or humans are identified in
this report as follows:

Note: This project involves animal vertebrates or human subjects.

This is noted on the summary sheet and also at
the end of each report.

All projects selected for approval are reviewed
by the BNL Operations Security (OPSEC)
Working Committee chair for classification
review and operational security
considerations.



Peer Review

LDRD projects have peer reviews performed
in several different ways. Primarily, LDRD
research is managed and reviewed by the
cognizant Department and Division manager.
These projects are a part of the activities of
their respective Department and Divisions in
which they reside. The BNL LDRD Program
itself does not solicit formal peer reviews,
consisting of written comments by experts
outside the normal lines of supervision.
Instead, advisory committees that consist of
subject matter experts from academia and
industry conduct peer reviews of LDRD
projects as part of a Department 's program
review. One such group is the Brookhaven
Science  Associates' Science Advisory
Committee, which performs peer reviews of
different Laboratory programs on a rotating
basis. There are also periodic reviews of the
science at the Laboratory performed by
various offices of DOE.

In addition to these outside peer reviews of the
BNL program, the members of the LDRD
Committee are considered to have sufficient
technical knowledge to perform peer reviews
of projects during the initial selection process
and annual renewal. Also, all LDRD projects
go through a formal mid-year review
(described in the previous section under
project supervision) conducted by the SD that
includes the Assistant Laboratory Director for
Policy and Strategic Planning, the Deputy
Director for Science and Technology, and the
cognizant Department Chair and Associate
Laboratory Director.



Self Assessment

BNL supports the concept of continued
improvement as part of its management of the
Laboratory. To achieve this goal every year
BNL performs self assessments on various
functions at the Laboratory. In FY 2005, BNL
conducted self assessments on program
processes and accomplishments of the LDRD
Program.

In FY 2005, all aspects of the program
continue to function efficiently and
effectively. = The Laboratory added an
Assistant Laboratory Director for Policy and
Strategic Planning (PSP) who has oversight of
the LDRD Program. This better supported the
need to align the selected projects with
Laboratory Initiatives.

As part of the annual assessment the LDRD
Program Director and the PSP met with each
ALD to solicit feedback on the LDRD
selection process. In general, the comments
were positive and the current process will
continue in FY 2006 with some logistic
changes. The process will continue to move
toward a totally paperless process. Proposals
will be submitted electronically and
maintained on a database that the selection
committee can access. In addition, decisions
are under way to have improved abstracts to
allow for better initial screening of projects.

The LDRD Program continues to emphasize
that funding would be made for two years.
This permits us to fund more projects in
subsequent years. There was a mid-year
review of all projects. This review was a
factor in determining whether a project would
continue into the next fiscal year. The Mid-
year review continues to improve in format
and quality. Several Directorates now conduct
preliminary reviews of the projects prior to the
Laboratory formal mid-year review. In

addition, the Scientific Director conducted
monthly meetings with the DOE Brookhaven
Site Office (BHSO) to update the progress of
the program and verify that the BNL LDRD
Program is meeting the overall LDRD
requirements.  Congressional  inquiries
continue to impact the DOE LDRD Program.
This, along with BNL budget uncertainties
required that we delay the start of those new
programs that were approved for FY 2006.

BNL maintains its support of any new LDRD
requirements by:

» Participating in the DOE SC LDRD
working group to develop new guidelines

« Participating in changes to the DOE Chief
Financial Officer (CFO) LDRD database

 Ensuring that all projects support the DOE
security missions and missions of other
federal agencies

« Identifying potential use/benefits to the
DOE security missions for all projects

« Submitting data sheets for all projects to
the DOE-BHSO for concurrence

* Including the DOE-BHSO LDRD Program
Manager in all LDRD selection meetings

In FY 2005, BNL received approval from
DOE of a $10.5 million budget, which is
approximately 2 percent of BNL operating
funds, but is still far less than the maximum of
6 percent permitted by DOE. However, due to
financial constraints the allocation was limited
to $9.5 million with 1 million in reserve.
There continues to be many success stories in
the LDRD Program with projects
subsequently receiving direct funding from
DOE, NIH, and CRADA agreements. In
addition, several patents were submitted based
on LDRD research.



Relatedness of LDRD to

Laboratory Programs and
Initiatives

BNL's mission is to produce excellent
science in a safe, environmentally benign
manner with the cooperation, support, and
appropriate involvement of our many
communities. Brookhaven was founded as a
laboratory which would provide specialized
research facilities that could not be
designed, built, and operated at a university
or industrial complex, and provides a
scientific core effort for these facilities.
This still remains a basic mission of the
Laboratory.

BNL is committed to cultivating programs
(including the LDRD) of the highest quality.
These programs address DOE’s Strategic
Mission which is to conduct programs
relating to energy resources, national nuclear
security, environmental quality, and science.

Brookhaven National Laboratory has the
following elements in its mission which
support the DOE programmatic business
lines.

The elements of Brookhaven's mission
support and cut across the central activities
of the Department of Energy as defined in
its Strategic Plan.

The Laboratory's breadth of expertise as
provides the basis for its contributions to the
DOE's missions and focuses on providing
extraordinary tools for the pursuit of basic
science and technology.

SCIENCE & RESEARCH
FACILITIES
Conceive, design, construct, and operate
complex, leading-edge, user-oriented
facilities in response to the needs of the
DOE, and the needs of the international
community users. :

SCIENTIFIC PROGRAMS

Carry out basic and applied research in
long-term high-risk programs at the
frontier of science.

ENERGY RESOURCE MISSION,
ENERGY TECHNOLOGIES

Perform R&D to provide clean,
sustainable energy focusing on basic and
applied research, system analysis and
technology development.

NATIONAL SECURITY MISSION

Focus on domestic and international
programs in nonproliferation and national

security.

ENVIRONMENTAL QUALITY
MISSION
Remediate the site and decontaminate and
decommission of several research
reactors.

TECHNOLOGY TRANSFER

Developing, managing, and transferring to
industry intellectual property and
technical know-how associated with
research discoveries.




Overall, the LDRD portfolio supports all of the
BNL themes and strategic objectives which in
turn supports the DOE strategic initiatives (see

table)
Number of
THEMES LDRD Projects
1 Scientific Facilities Operations
e RHIC 0
e NSLS
o ATF
e LEAF
e STEM
e Tandem
e BMRR
2 Nuclear Physics
e Quark/gluon plasma 1
e  Spin Physics
3 High Energy Physics
e - Standard Model 2
e  Rare Particles & Processes
4 Advanced Accelerator & Detector
Concept and Designs - Advanced 12
Instrumentation
e Muon Collider
e DUV-FEL
e LHC
e SNS
5  The Physics & Chemistry of
Materials 12
e  Superconductivity
e  Magnetism
e Surfaces
e Nanostructure
6  Energy Sciences
e  Combustion 9
e  Catalysis
e Bio-fuels
e  Batteries
e Geothermal
e  Buildings
7  Environmental Sciences
e Atmospheric 16
e Terrestrial
e  Bio-remedial
e Waste Technologies
e Counter Terrorism
8  Medical and Imaging Sciences & 9
Technology
9  Advanced Computation 0
10 Biological Sciences 10
11 Critical Infrastructure 1
Totals 72

10



Summary of Metric Data

Statistical data is collected on all projects for
the annual report. Since the LDRD Program
is intended to promote high-risk research, the
data collected has nominal value on a project-
by-project basis. It does provide a general
overall picture of the productivity of the
LDRD Program.

Some of the more common indicators/
measures of success are: 1) the number of
proposed, received and approved projects, 2)
amount of follow-on funding, 3) the number
of patents applied for, and 4) the number of
articles published in peer-reviewed journals.

Historically, statistics on the number of
projects approved, compared to those rejected,
show an overall approval rate of about 30
percent for new starts (see table). Essentially
all of the scientific departments were
represented in the FY 2005 LDRD Program.
The LDRD Program at BNL is expanding and
is generating interest from across the entire
Laboratory population.

In FY 2005, the BNL LDRD Program funded
78 projects, 41 of which were new starts, at a
total cost of $8,378,553. Included in this
report is the Project Funding Table, which
lists all of the FY 2005 funded projects and
gives a history of funding for each by year.

11

FY DOEAUTH. BNL AUTH. COSTED NO. NEW

SK $K $K RECD. STARTS FUNDED
1985 4,000 1,842 1,819 39 13 13
1986 4,500 2,552 2,515 22 15 25
1987 4,000 1,451 1,443 29 8 17
1988 4,000 1,545 1,510 46 14 23
1989 4,000 2,676 2,666 42 21 29
1990 4,000 2,008 1,941 47 9 26
1991 2,000 1,353 1,321 23 14 21
1992 2,500 1,892 1,865 30 14 25
1993 2,500 2,073 2,006 35 14 28
1994 2,500 2,334 2,323 44 15 27
1995 2,500 2,486 2,478 46 13 31
1996 3,500 3,500 3,050 47 17 31
1997 4,500 4,500 3,459 ! 10 28
1998 3,500 4,000 2,564 53 4 20
1999 4,750 4,612 4,526 67 25 33
2000 6,000 6,000 5,534 93 21 45
2001 6,000 6,000 5,345 97 38 70
2002 7,000 7,000 6,732 87 29 70
2003 8,500 8,482 7,830 153 44 - 83
2004 9,500 8,550 7,209 107 19 72
2005 10,500 9,073 8,379 114 41 78
2006 11,500 9,127 96 29 87
TOTALS 111,750 93,056 76,515 1,388 427 882

An analysis of the FY 2005 projects shows
that many of the projects were reported to
have submitted proposals for grants or follow-
on funding (several received funding), and a
multitude of articles or reports were reported
to be in publication or submitted for
publication. Several of these projects have
already experienced varying degrees of
success, as indicated in the individual Project
Program Summaries that follow. A summary
of success indicators for the FY 2005 projects
is as follows:

TOTAL



SUCCESS INDICATORS
FY 2005

QTY

Number of postdoctoral researchers
supported in full or in part by LDRD
during the fiscal year.

48

Number of students supported in full
or in part by LDRD during the fiscal
year.

Number of full-time scientific and
technical research staff hired as a
result of full or partial LDRD support
during the fiscal year.

Number of LDRD-derived refereed
publications (e.g., journal articles,
conference papers, book chapters, or
other reports) published during the
fiscal year. This indicator includes all
publications derived in whole or in
part from LDRD projects funded in
any year.

97

Number of LDRD-derived invention
disclosures filed during the fiscal year
(disclosure are internal laboratory
intellectual property documents). This
indicator includes all disclosures
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Number of LDRD-derived patents
issued/granted during the fiscal year.
This indicator includes all patents
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Number of LDRD-derived copyrights
(other than publications)
issued/granted during the fiscal year.
This indicator includes all copyrights
derived in whole or part from LDRD
projects funded in any year and all
subsequent LDRD follow-on
activities.

Total number of national awards or
recognitions received that are
attributable in whole or in part from
this LDRD.

Total number of formal presentations
originating in whole or in part from
this LDRD, including those that have
been accepted for presentation but not
yet presented.

401
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Total number of reports originating in 27
whole or in part from this LDRD.

Total number of review presentations 32
that pertain to this work.

In conclusion, the overall LDRD Program has
been successful. In FY 2005, the LDRD
Program has improved on the level established
in FY 2004 which already was at a high level.
This increase in size is a consequence of the
identification of the LDRD Program by
Laboratory Management to be an important
part of its future. The LDRD Program is akey
component for developing new areas of
science for the Laboratory. In FY 2005 the
Laboratory continued to experience a
significant scientific gain by the achievements
of the LDRD Projects.
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High-Brightness, High-Power
Electron Beams
Ilan Ben-Zvi

03-004

PURPOSE:

The objective of this work is to develop
bright and high power electron beams from
photoinjector electron sources. This is done
through the development of CW
photoinjectors and critical subcomponents
for the photoinjectors.  Getting a high
brightness and high power electron beam is
a risky, cutting edge R&D, but the payoff
could be high in enabling new radiation
sources such as x-ray Free Electron Lasers
(FELs) and Photoinjected Energy Recovery
Linacs, electron cooling for RHIC and high-
power FELs for defense applications.

APPROACH:

The PI, in collaboration with Triveni
Srinivasan-Rao, undertook to carry out the
development of a superconducting laser
photocathode RF guns and the associated
photocathodes.  The basic tools of the
research were the niobium superconducting
RF gun (Figure 1) and photocathode
preparation and testing systems (Figures 2
and 3).

TECHNICAL PROGRESS AND
RESULTS:

We tested the superconducting
photoinjector. As a result we became the

first US laboratory to possess a functioning
superconducting laser photocathode RF gun.

Photoelectrons from an all niobium
superconducting  injector have  been
generated for the first time. A quantum

Efficciency, QE of 2x10° at 266 nm and
2x10° at 248 nm, maximum charge of 10
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nC in 10 ns and charge/cycle of 0.8 nC were
measured. The relatively small improvement
observed in the QE after laser cleaning is
attributed to the long distance between the
cathode and the closest ion pump and the
possibility of the laser ablated material
adsorbed back onto the cathode surface at
cryogenic temperature. No cavity quenching
has been observed even at the maximum
laser energy of 3 mJ, maximum repetition
rate of 250 Hz and maximum charge of 10
nC from the cathode.

As the program of testing the niobium
cathode came to a successful conclusion, we
modified the gun to accept an
interchangeable photocathode by
incorporating a choke-joint in the gun.
Figure 1 shows the superconducting, all-
niobium photoinjector with the choke-joint.
The success of this program led to a decision
by the US Navy to construct a high-current
(up to 0.5 ampere average current)

superconducting photoinjector using BNL
expertise in the design of such devices and
hand it over to BNL for testing.

Figure 1.  Superconducting photomjector wi
choke-joint for insertion of photocathodes.

In turn, the future availability of the new
gun (to be completed in March 2007) led the
Navy to invest further funding at BNL and
construct a high-current demonstration
Energy Recovery Linac at Building 912 at



'BNL/C-AD, which will use the gun and
other components available.

photocathode test

Figure 3. Diamond hydrgenation chamber.

Another development, which stemmed from
this LDRD work has been the diamond
amplified photocathode invention. In this
new concept, a thin (30 micron) diamond
window is positioned between the
photocathode and the electron gun
acceleration region. The electrons released
from the photocathode are accelerated by a
modest DC voltage of about 5 kV to strike
the diamond window through a face, which
is covered with a thin metal electrode. The
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primary electrons generate a large number of
electron-hole pairs. The holes are collected
by the thin metal layer, while the secondary
electrons are drifted through the diamond
and exit it through a Negative Electron
Affinity (NEG) face into the accelerating
space of the gun. Figure 2 shows the
diamond amplifier test chamber and Figure
3 shows the diamond hydrogenation system.

The advantages of this new principle of

amplified photocathode are as follows:

e The quantum efficiency of the
photocathode is increased by a couple of
orders of magnitude.

e The temporal characteristics of the laser
pulse are maintained.

e The cathode’s lifetime is increased very
significantly, due to the protection
afforded by the diamond window.

e The gun is protected from the cathode
materials, enabling one to use a
superconducting RF gun.

SPECIFIC ACCOMPLISHMENTS:

Publication:

J. Sekutowicz, S. A. Bogacz, D. Douglas, P.
Kneisel, G. P. Williams, M. Ferrario, 1. Ben-
Zvi, J. Rose, J Smedley, T. Srinivasan-Rao,
L. Serafini, W.-D. Mdller, B. Petersen, D.
Proch, S. Simrock, P. Colestock, and J. B.
Rosenzweig, Proposed continuous wave
energy recovery operation of an x-ray free
electron laser, Phys. Rev. ST Accel. Beams
8, 010701 (2005)

LDRD FUNDING:

FY 2003 $150,000
FY 2004 $192,464
FY 2005 $190,047



Structural Properties of
Methane Hydrates

Devinder Mahajan 03-056

PURPOSE:

The key to recovering methane from
globally abundant methane hydrate is to
understand its kinetic stability in host
sediments. An uncertainty remains as to the
nature of sediment pores in which methane
hydrates prefer to form and reside. The
purpose of this project is to measure key
physical properties of host sediments from
methane hydrate sites and then correlate
their structural characteristics with the
formation of guest (methane hydrate)-host
(sediment) complexes.

APPROACH:

Our approach involves: 1) measuring
porosity and related properties of the
sediment samples, obtained from the
methane hydrate sites, using Computed
Microtomography (CMT) and 2) obtaining
baseline methane hydrate formation/
decomposition data on the guest-host
complexes in the characterized sediments.
Pristine samples of host sediments from
Blake Ridge, a well-known hydrate site,
were obtained from the United States
Geological Survey (USGS), Porosity and
other sediment properties were measured at
the Beamline X27A at the NSLS. In
addition, a unique unit to study methane
hydrate kinetics has been brought on-line
that mimic subsurface conditions.

TECHNICAL
RESULTS:

PROGRESS AND

Three sediment samples: two from Blake
Ridge, off the coast of the Carolinas (depths
of 50 m and 667 m), and one from Georges
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Bank (0.2 m), both well-established methane
hydrate sites, were obtained though USGS to
establish their porosity differential as a
function of depth. The CMT technique was
used to collect 2-D data on the sediment
slices, from which 3-D images of the
sediments were reconstructed (Figurel).

Qawdy )

(19x19) &

Figure 1. Fluid flow pathways reconstructed from
the 2-D data for the 50 meters depth sample. Small
diameter pathways correspond to a red color whereas
a blue color indicates larger diameter pathways. The
pixel sizes for the three axes are .0068 mm.

The calculated porosity values show that
sediment porosity decreases as a function of
depth: 80.7%, 64.3%, and 58.1% for 0.2, 50
and 667 meters respectively. Further data
refinement now continues. In addition, a
customized cell, capable of operating at high
pressures and low temperatures (those
mimicking ocean floor conditions), was
obtained from a vendor to study in situ
methane hydrate formation at the beam line.

A parallel effort was initiated to study the
methane hydrates formation/decomposition
in the characterized sediments. A unit
capable of a flexible, integrated study of the
hydrate was constructed and baseline kinetic
data of pure methane hydrate formation were
collected. ~The data fits well with the
reported literature studies (Figure 2).

In FY05, the work was completed to further
test the unit and data dissemination



continued. Further work to establish the
effect of sediment porosity on methane
hydrate formation kinetics is in progress
with follow-up funding from U.S DOE,
Office of Fossil Energy.

Pressurs (psl)

Tomperature (°C)

Figure 2. Pure methane hydrates formation in the
BNL unit. The line represents theoretical values.

SPECIFIC ACCOMPLISHMENTS:

Refereed Publications

1. M. Eaton, D. Mahajan, and R. Flood. A
Novel High-Pressure Apparatus to Study
Hydrate-Sediment Interactions. J. Pet. Sci. &
Eng., Accepted.

2. Fundamental Challenges to Methane
Recovery from Gas Hydrates. P. Servio, M.
Eaton, D. Mahajan, and W.J. Winters.
Topics In Catal., 101-108 (2005).

3. Methane Hydrate Studies: Decomposition
Kinetics and Delineating Properties of Host
Sediments. D. Mahajan, P. Servio, K.W.
Jones, H. Feng, and W.J. Winters. Chapter
16 in Advances in the Studies of Gas
Hydrates, C. E. Taylor and J. T. Kwan,
Editors, pp. 239-250, Kluwer Academic
Publishers, Inc., New York, New York.

Presentations

1. Hydrate-Sediment Interactions in a Novel
High-Pressure Apparatus. Symp. on Gas
Hydrates and Clathrates. M. Eaton, D.
Mahajan, R. Flood Co-sponsored by the
ACS Petroleum Chemistry and Fuel
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Divisions. 229™ ACS National Meeting, San
Diego, CA. March 13-17, 2005.

2. Morphology of methane hydrate host
sediments. K.W. Jones, H. Feng, S. Tomov,
W.J. Winters, Michael Eaton, and D.
Mahajan. Same as in 1.

3. Technical Challenges to Mining Methane
Hydrates: The next Energy Frontier”. Marine
Sciences and  Atmospheric  Sciences
Colloquium Series, Stony Brook University,
New York. February 6, 2004.

4. Gulf of Mexico Naturally Occurring Gas
Hydrates JIP Workshops. Denver, CO.
September 30 - October 1, 2003.

5. Kinetic Reproducibility of Methane
Production from Methane Hydrates. P.
Servio and D. Mahajan. Symposium on
Synthetic Clean Fuels from Natural Gas and
Coal-bed Methane: 30 Years Since First
Oil Crisis. Co-sponsored by the ACS Fuel
and Petroleum Chemistry Divisions. 2260
ACS National Meeting, New York, NY.
September 7-11, 2003.

6. Methane Hydrate Studies: Delineating
Properties of Sediments Using Synchrotron
Computed Micro tomography (CMT). D.
Mahajan, K. W. Jones, H. Feng, and W. J.
Winters. Presented at the Symposium on Gas
Hydrates, 2003 AICHE Spring National
Meeting, Abstract #78a New Orleans, LA
March 30- April 3, 2003.

Review Presentation

e Methane Hydrate Activity at BNL - An
Overview. D. Mahajan. To NETL/ DOE.
May 5, 2003.

LDRD FUNDING:

FY 2003 $ 85,000
FY 2004 $103,647
FY 2005 $ 14,997



Investigation of Neutron and

Gamma Probes to Detect
Explosives in Sealed
Containers

Michael Todosow
L. Wielopolski

03-064

PURPOSE:

The purpose of the project is to examine
options for using neutrons and/or resonance
gamma rays to probe airline shipping
containers and determine the presence of
explosives by reading the characteristic
signatures of induced or scattered radiation.
These techniques can be specifically
designed to probe for contraband in small
and large containers. The challenges include
the ability to make them simultaneously
effective and efficient. This includes issues
such as decreasing false positive alarms
while retaining a very high detection
probability, reducing the time necessary to
make the determinations, cost and
implementation issues, etc. As a result of
interest by DHS in the detection of Special
Nuclear Materials (SNM), issues associated

with this application have also been
addressed.
APPROACH:

It is proposed to use modern Monte Carlo
methods (specifically the MCNP/MCNPX
codes developed by LANL) to perform
“synthetic experiments” to simulate systems
based on the use of neutrons and resonance
gamma rays to determine the physical and
performance characteristics of potential
systems to detect explosives. However,
because neutrons will activate materials, the
focus is on Gamma Resonance Technology
(GRT), which has been demonstrated to be a
viable solution to intercept concealed
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explosives with a low (5%) false alarm rate.
A fundamental aspect of the initial phase of
the study was to evaluate the adequacy of
the basic cross section data needed to
evaluate this approach. The use of high-
energy, mono-energetic gammas to detect
SNM is also being explored.

Based on the results of the initial survey
phase, additional analyses will be performed
to define the characteristics of a reference
system(s) which might be based on neutrons
only, gammas only, or a combination.
Needed RD&D, including initial
experiments to evaluate selected
performance characteristics (e.g., intensity,
number and orientation of neutron/gamma
sources; number and orientation of
detectors; characteristics of signatures to be
measured/compared, etc.), will be identified.

TECHNICAL
RESULTS:

PROGRESS AND

Accomplishments for FYO0S5 includes:

Target (H. Ludewig, N. Simos).

Several target isotopes for the production of
high-energy mono-energetic gammas from a
few MeV protons were identified. An
attractive candidate is boron carbide which
could produce mono-energetic beams of
12.8, 9.17, and 4.4 MeV. In addition to
detecting explosives via detection of N-14
by GRT, this suite of photons would excite
photo-fission in any SNM present, and
would allow imaging of high-z materials via
y-radiography. More detailed studies
utilizing the ANSYS finite element code
considered a boron carbide (50 pm) on
copper (1-cm.) target with an assumed flat
proton beam. The model employed an
extremely fine mesh to capture the thin-layer
effects, and differential expansion of the two
materials was incorporated into the thermal
stress analysis.



Results of some of the thermal calculations
are shown in Figure 1. Assuming a 20 kW
beam resulting from a typical proton beam
energy of 2MeV and a current of 10-mA, the
increase in temperature would be acceptable
for a beam spot with a radius of ~0.1 cm.
However, a beam spot radius > ~0.3 cm.
would be  required from  stress
considerations.

Figure 1. Temperature Profile in Target

Temperature Profile for B4C-Copper Target
Power = 20 KW ; Beam Radins =0.05 em
Forced Convection Film Coeff. = 300 Wim2-K

Monte Carlo Simulations for SNM (G.
Raitses , M. Todosow. A. Mallen,)

M. Todosow is currently serving as a
member of the DHS Active Interrogation
Working Group (AIWG). In connection
with this activity the ability of a system
based on high-energy, mono-energetic
gammas to detect SNM hidden in a large
shipping container has been considered.
Several container configurations with
varying contents defined by the AIWG have
been simulated at BNL and LANL. Some of
the key figures of merit for an Active
Interrogation system include: 1) number of
fissions induced in the concealed SNM per
dose on the surface of the container; 2)

absolute number of fissions induced; and 3)
number of neutrons and/or photons which
escape the container and are available for
detection. High-energy mono-energetic
photons are particularly attractive based on
the first performance criterion, but the
relatively low yield per proton, coupled with
the characteristics of present and near-term
accelerators present a challenge with respect
to criteria 2 and 3.

SPECIFIC ACCOMPLISHMENTS:
Presentations

L. Wielopolski, M. Todosow, H. Ludewig,
N. Simos, “Production of Monoenergetic
Gamma Rays for Cargo Container
Inspection,” CAARI-2004, October 2004.
(accepted, but not presented due to LW
illness).

M. Todosow and H. Ludewig, gave several
talks on “Active Interrogation” to potential
Sponsors.

Proposals

“Target Studies to Support Active
Interrogation ~ Options,”  submitted to

DOE/NA-22.

LDRD FUNDING:

FY 2003 $110,000
FY 2004 $112,370
FY 2005 $ 90,901



Structural Studies on the

Integral Membrane Protein
AlkB

John Shanklin 03-094
PURPOSE:

The goal of this proposal is to initiate
structural studies on the Alkane o-
hydroxylase (AlkB) from Pseudomonas
oleovorans, exploiting its unique structural
organization that is ideally suited to both
crystallography and cryo-electron micro-

scopy.

APPROACH:

Approximately 30 percent of all proteins
reside in membranes, and with a few notable
exceptions little is known about their
structures and how those relate to their
function. There are two major obstacles to
structure  determination of membrane
proteins. 1) Membrane proteins exist in a
lipid bilayer along with many other
membrane  proteins,  which  greatly
complicates purification because they are all
functionally tethered together in the same
membrane. 2) Solubilizing proteins from a
complex heterogeneous membrane environ-
ment while maintaining the functional
protein requires precisely defined conditions
that are specific to each protein. The
solution to this complex problem is difficult,
because to purify membrane proteins, they
must first be expressed to high levels,
solubilized, and the conditions for
solubilization often interfere with the
conditions needed for purification. A unique
property of AlkB is that it forms
homogeneous protein vesicles that can be
purified in the absence of detergents. This
offers a unique opportunity to simplify
obtaining structural information for this
particular integral membrane enzyme.
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TECHNICAL PROGRESS AND
RESULTS:

The postdoctoral research associate, I. Abreu
replaced 1. Heilmann when he took a faculty
position in Germany.

While previous efforts were directed at
improving the relative abundance of
expressed AlkB protein, Dr. Abreu tested
several combinations of host strains, media
composition, and scale of induction. She
arrived at an acceptable expression level and
spent several months expressing and
purifying the protein. She found that a
critical step was in the concentration of
resuspended AlkB containing membrane
following a differential ultracentrifugation
step. Resuspension in too high of a
concentration prevented the AlkB from
binding to the carboxymethyl phase of high
performance liquid chromatography and was
resulting in high low AlkB recovery and low
purification. Having solved this problem,
we were able to increase the yield of
recovered AlkB. Because the yield of AlkB
was specifically improved, with respect to
minor contaminants, the yield increase also
facilitated an increase in purity. Thus, we
were able to obtain several tens of mg of
purified AlkB for detergent solubilization
trials. Membrane proteins are notoriously
unstable upon the addition of detergents.
We undertook a two-step detergent
solubilization regime. The first step
involved membrane solubilization using a
harsh non-ionic detergent, Triton X-100.
This is particularly effective for removing
integral membrane proteins from the
membrane component, but is often
responsible for unfolding of the protein once
removed from the membrane. Further,
Triton X-100 has large micelle size, thus it
is very difficult to obtain monodispersed
AIKB, i.e., one AlkB per micelle. Thus, we
subjected  Triton  X-100  solubilized



membranes to high performance liquid
chromatography with the use of a G3000SW
matrix ~ with  n-Dodecyl-b-D-maltoside,
DDM, as the mobile phase. During the
chromatography, the Triton was exchanged
for DDM, and the AIkB came off at a
retention time consistent with it being a
monomer. This is a very significant
accomplishment and a prerequisite step for
crystallization trials. Now that we have
accomplished a monodispersed form at the
analytical level, we have to scale up our
procedure.  The monodispersed protein
eluant needs to be concentrated and then
subjected to crystallization trials.

The following has been accomplished:

e Identification of strains of AlkB in a
pET3a or pET9a plasmids in host cell
lines BL21DE3, BL21DE3pLysS.

e Optimization of growths in TB media at
the 1.5 lit scale.

e Optimization of purification conditions
increasing yield while minimizing
contaminants.
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e Purification of tens of mg highly
enriched and biologically active AlkB
protein. :

e Demonstration of solubilization from
membranes with the use of Triton
X-100.

e Demonstration of the ability to exchange
the Triton X-100 for DDM with
monodispersed AlkB at the analytical
level.

SPECIFIC ACCOMPLISHMENTS:

Evidence linking the  Pseudomonas
oleovorans alkane -hydroxylase, an
integral membrane diiron enzyme, and the
fatty acid desaturase family. Shanklin, J.
and Whittle, E. FEBS Lett. 545, 188-192
(2003). '

LDRD FUNDING:

FY 2003 $55,000
FY 2004 $96,692
FY 2005 $37,988



The Micro PET Study of Gene

Expression in Rodents
Panayotis Thanos 03-099

PURPOSE:

The chief objective of this research is to
develop methods and assess the potential of
micro PET for the investigation of the
function of genes in the whole organism.
We specifically propose to assess the
function of specific genes in the brain of rats
in which we will overexpress the gene in
specific brain areas and in mice in which
through “knock out” or ‘“knock in”
technology these genes have been deleted or
modified. The implications of these results
would be critical in furthering our
understanding in several research areas
currently at BNL: a) substance abuse, b)
aging, c) neurodegenerative disease, d)
learning and memory, e) cancer, and f)
radiation. More specifically these results
will be critical in studies of radiation
exposure and treatment of neurodegenerative
disease with stem cells.

APPROACH:

Rapid developments in genetic research
have given rise to the new field of
behavioral genetics and a growing demand
for assessing in-vivo the expression and
function of genes as well as how they
correlate with environmental factors and
behavior. Recent PET studies have started
to link disease associated genetic mutations
with  specific brain metabolic and
biochemical abnormalities that occur prior to
disease presentation (Feigin et al., 2001;
Matsuda, 2001). These studies have
highlighted the potential of PET as a tool to
investigate the consequences of genetic
polymorphisms in regional brain function.
Mice, through the use of “knock out” and
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“knock in” technologies have been
particularly valuable in elucidating the role
of genes and the proteins they encode in
behavior and drug effects. This model is
valuable in predicting the genotypic basis of
neuropsychiatric disease.

Micro PET technology is a new and exciting
area of research. The present research
examines the development of methods
assessing the feasibility and sensitivity of
microPET in genetically engineered mice
and genetically modified rodents. We are
evaluating the genes involved in brain
dopamine (DA) neurotransmission [D2
receptor and DA transporter (DAT)] since
this is a system for which we have access to
appropriate radiotracers and to transgenic
and knockout animals. Finally, methods
employed include micro PET and
autoradiography.

Collaborators include: Dr. G.-J. Wang and
Dr. A. Biegon

TECHNICAL PROGRESS AND
RESULTS:
1) Measured dopamine receptor and

transporter levels in transgenic mice in: (a)
D2 wild type, D2 heterozygous, and D2
knockout and (b) DAT wild type, DAT
heterozygous, and DAT knockout. 2)
Measured D2 levels in rats that have
regional overexpression of these molecule
targets. 3) Evaluated the sensitivity of
microPET to assess functional brain changes
as measured by regional brain glucose
metabolism in D2 family transgenic mice
that are treated with the psychostimulant
MP. 4) Evaluated the sensitivity of
microPET to assess functional brain changes
as measured by regional brain glucose
metabolism in: Transgenic DAT mice that
were treated with a DAT blocking drug
(cocaine). 5) Complete the evaluation of the
sensitivity of microPET to assess functional



brain changes as measured by regional brain

~glucose metabolism in rats with regional
DAT who are treated with a DAT blocker
drug.

This project involves animal vertebrate
subjects (rodents).

SPECIFIC ACCOMPLISHMENTS:

Thanos, P.K.; Dimitrakakis, E.S.; Rice, O.;
Gifford, A.; Volkow, N.D. Ethanol self-
administration and ethanol conditioned place
preference are reduced in mice lacking
cannabinoid CBI1 receptors. Behavioral
Brain Research 2005 Nov 7;164(2):206-13.

Volkow, N.D.; Wang, G.-J.; Franceschi, D.;
Fowler, J.S.; Thanes, P.K.; Maynard, L.;
Gatley, S.J.; Wong, C.; Veech, R.L.; Kunos,
G.; & Li, TK. (2005). Low Doses of
Alcohol Substantially Decrease Glucose
Metabolism in the Human Brain.
Neuroimage
doi:10.1016/j.neuroimage.2005.07.004.

Heidbreder, C.A.; Gardner, E.L.; Thanos,
PK.; & Ashby, CR. The role of central
dopamine D3 receptors in drug addiction: a
review of pharmacological evidence. Brain
Research Reviews Vol 49(1)77-105

Thanos, P K. et al., The selective dopamine
D3 receptor antagonist SB-277011-A
attenuates ethanol consumption in ethanol
preferring (P) and non-preferring (NP) rats.
Pharm Biochemistry and Behavior 2005
May;81(1):190-7

Thanos, P.K. et al., Dopamine D2R DNA
transfer in dopamine D2 receptor-deficient

mice: Effects on ethanol drinking Life
Sciences 77 (2005)130-139

Thanos, P.K., et al. (2004). DRD2 Gene
Transfer into the Nucleus Accumbens of the
Alcohol Preferring (P) and Non Preferring

" (NP) Rats Attenuates Alcohol Drinking.

Alcohol Clin Exp Res. May;28(5):720-8.

Ding, Y .S.; Gatley, S.J.; Thanes, P.K.; et al.
(2004). Is the I-threo Enantiomer of MP
(Ritalin) Inactive in the Brain when the Drug
Is Given Orally? Synapse 2004 53:168-75.

Alexoff, D.L.; Thanos, P.K.; and Volkow,
N.D. Reproducibility of Hc-Raclopride
binding in the rat brain measured with the
MicroPET R4: Effects of photon scatter and
tracer specific activity. J Nucl Med.44:815-
822.2003.

Thanos, P.K.; et al. In Vivo Comparative
Imaging of Dopamine D2 Knockout and
Wild Type Mice with [''C] raclopride &
mPET. J Nucl Med. 43: 1570-1577. 2002.

Thanos, P.K.; et al. 2004; 2005. Society for
Neuroscience (SfN) Annual Meeting,
Washington, DC Nov 12-16. Presented 6
posters at this conference and 6 at last years
SN conference.

LDRD FUNDING:

FY 2003 $50,000
FY 2004 $94,700
FY 2005 $51,145



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.
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Jie Zhang, a post doc funded through this
project, carries 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 are carried out in collaboration with
Etsuko Fujita and David Grills. Kuo-Wei
Huang, a Goldhaber Fellow at BNL, carries
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

Metal complexes containing osmium (Os)
are the primary focus of our efforts, since Os
is known to form strong bonds to carbon and
to hydrogen. Our previous report gave
details of the successful efforts to develop
reliable, high-yield synthetic methods for
preparation of the Os-Os bonded complexes
used in our photochemical experiments,
[CP(CO),0sl, (Cp = mn’-CsHs) and
[Cp*(CO),0s]> (Cp* = n’-CsMes).

Photolysis (A > 300 nm) of a solution of
[Cp(CO),0s], and 1,4-cyclohexadiene
produces two equivalents of Cp(CO),OsH,
together with benzene as the organic
product, thus documenting that the proposed
metal-to-carbon hydrogen atom transfer
occurs. A key issue was physical
measurements on the Os-H bond being
formed in this reaction. The acidity of this
osmium hydride was determined by
measuring the equilibrium constant for
deprotonation by a very strong base, as
shown above.
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The pK, of Cp(CO),0OsH was determined as
32.7 in CD;CN solvent, indicating it is far less
acidic than its first and second row congeners
Cp(CO),FeH (pK, = 19.4) or Cp(CO),RuH
(PKa = 202). The osmium anion,
[Cp(CO),0s] Li", was prepared, and its
oxidation potential was determined by
electrochemical measurements. Use of these
data in a thermochemical cycle leads to an
estimated lower limit of the Os-H bond
dissociation energy as 82 kcal/mol, which is

exceptionally strong for a transition metal
hydride.

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),0Ose. These
experiments were carried out by time-resolved
infrared (TRIR) spectroscopy using a step-
scan FTIR spectrometer. The figure below

shows the spectroscopic changes observed in
the presence of 1,4- cyclohexadiene.

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.

31

H

H
@ . e
“cOs. * \“,.Os\ +
& \cl H > H Oc\é! H HH
(o]
The second-order rate constant for the

hydrogen atom transfer was determined to be
ku=(2.1+02)x10°M"' s at 23°C.

Future research will seek to determine further
mechanistic details and to measure the rate
constants and kinetic isotope effects for a
range of metal complexes, including metals
that form weaker M-H bonds. Hydrocarbons
with stronger C-H bonds will be studied to
determine the limits on how strong of a C-H
bond can be ruptured using such reactions.

SPECIFIC ACCOMPLISHMENTS:

An invited talk was given at a symposium at
the 229th National American Chemical
Society Meeting (San Diego, CA, March 13-
17, 2005) entitled Ionic Hydrogenations Using
Proton and Hydride Transfer Reactions of
Metal Hydrides, and Hydrogen Atom
Transfers of Osmium Complexes.

A communication on these results was
published, 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.

An invited talk was presented at a symposium
on metal hydrides held at the Pacifichem 2005
conference (Dec. 15-20, 2005) entitled
Carbon-to-Metal Hydrogen Atom Transfers in
the Formation of Metal Hydrides.

LDRD FUNDING:

FY 2003 $20,000
FY 2004 $56,480
FY 2005 $58,039
FY 2006 (budgeted) $25,000



Radioprotection in D.

radiodurans, a Radiation
Resistant Bacterium

Diane Cabelli

03-105
PURPOSE:

Deinococcus radiodurans is a bacterium that
is extremely resistant to gamma radiation.
Great interest in this organism led to its
complete genomic sequencing in 1999.
When the superoxide dismutase (SOD),
metalloenzyme that dismutates superoxide
(02) to O, and H,0; is cloned out of the
organism, the radiation resistance drops
significantly. Understanding the mechanism
of this bacterial superoxide dismutase
(MnSOD) would help us to understand a
large component of radioresistance exhibited
by this organism and to address possibly
engineering radioresistance into  other
organisms. The use of bacteria for the
remediation of heavy metal and radioactive
waste (e.g. isotopes of uranium, plutonium
and mercury) is very promising and has, in
some cases, been translated into reality. The
involvement of this particular bacterium lies
in its extreme radiation resistance and efforts
to engineer remediation function into D.
radiourans or to enhance the bacterium’s
existing ability to reduce heavy metals is
underway elsewhere. Understanding the
basic differences between D. radiourans and
other organisms with regards to MnSODs,
membrane components and membrane
surfaces may allow us to engineer radiation
resistance into other bacterial systems that
are already wuseful in non-radioactive
cleanup.

APPROACH:
It has been proposed that Mn-SOD

eliminates  superoxide  through  the
mechanism shown below, where the reduced
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enzyme can react with superoxide through
an outer or inner sphere reaction (2 or 3).
The gating between the rates of these two-
steps will determine the efficiency of the
enzyme, depending on the concentration of
superoxide present.

Mn*SOD + O, —— Mn*'SOD + O, @)
Mn**SOD + O, —=— Mn*'SOD + H,0, (2)
Mn*'SOD + O, —— Mn**SOD-O% (3)
Mn**SOD-0f —X-—Mn*SOD +H,0,  (4)

In order to understand an aspect of the
extreme radioresistance of Dr, we studied
the reactivity of its Mn-SOD with
superoxide using the fast kinetic technique
of pulse radiolysis found at BNL. This
technique allows us to measure the rates of
the individual reactions in the overall
dismutation mechanism. We compared the
reactivity of Dr MnSOD with that of e coli
MnSOD and human MnSOD.

We then studied a mutant of MnSOD where
the tyrosine in the second coordination
sphere that had been mutated to a
phenylalanine.  This mutation helps test
what factors might control the gating
between outer-sphere and inner-sphere
reduction of superoxide.

Finally, we performed Density Functional
Theory (DFT) calculations aimed at
providing a detailed understanding of the
energetics of each step, the transition state
structures and the differences between the
various enzymes and mutants.

Collaborators are:

Professor David Silverman, University of
Florida for the expression, isolation, and
purification of MnSOD from D. radiodurans.

Professor Geoff Jameson, University of New
Zealand for determination of the crystal
structure of the MnSOD.



Dr. Jose Rodriguez, BNL for the DFT
calculations.

TECHNICAL
RESULTS:

PROGRESS ©= AND

These results show that when compared to
both the E. coli and human enzymes, the Dr
Mn-SOD is able to deal with higher
superoxide concentrations.

The traces show the disappearance of
various concentrations of superoxide in the
presence of varying amounts of MnSOD. In
panel A, the superoxide and MnSOD are
there in identical concentrations (SpM).
Here, O, disappears at equally fast rates for
all of the enzymes; hMnSOD, e coli
MnSOD and DrMnSOD. In equamolar
concentrations, only k; or k, are accessed
and the rate constants are identical. Under
catalytic conditions, however, where the
ratio of O,” to MnSOD is 7:1 (panel B), the
human enzyme is already noticeably less
efficient at removing superoxide. In the
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hMnSOD, the O, is partitioning equally
between the inner sphere and outer sphere
mechanism and release of the bound
peroxide becomes rate limiting.

In the presence of 43uM superoxide and 1
uM MnSOD (Panel C), the E. coli enzyme is
now also partitioning between an inner
sphere and outer sphere mechanism. The
dramatic difference observed here is that
within 3 milliseconds, over half the
superoxide has disappeared in the presence
of DrMnSOD while less than 25% has
disappeared in the presence of e coli
MnSOD and only a few percent has
disappeared in the presence of human
MnSOD.

This uniquely efficient dismutation ability of
DrMnSOD will be physiologically relevant
in an organism such as Dr, since the high
levels of radiation it endures will have a
primordial effect on the enhancement of
intracellular ROS. It has been shown that
Dr Mn-SOD plays a role in radioresistance,
since Dr cells lacking the enzyme are more
susceptible to radiation.

The three panels below show the spectra
generated when a substoichiometric amount
of superoxide is generated in the presence of
an excess of Mn(I)SOD. Clearly, the Drad
Mn(IDSOD is rapidly converted to
Mn(II)SOD, consistent with the ratio of
reactions 2:3 of 15. In contrast, the human
Mn(II)SOD is converted to a 50:50 ratio of
Mn(II)SOD (absorption maximum at 480
nm) and the transient MnSOD-superoxide
adduct (absorption maximum at 420 nm).
Interestingly, the Drad Y34FMn(I)SOD
now reacts in a manner identical to the
human MnSOD, with a 50:50 gating of k;
and k3. The role of the tyrosine 34 in this
system needs to be further addressed both
experimentally and theoretically.
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SPECIFIC ACCOMPLISHMENTS:

Isabel A. Abreu, José A. Rodriguez, and
Diane E. Cabelli “Bonding of O, to
Manganese and Iron Superoxide
Dismutases: Role of the Second-Sphere of

Coordination around the Metal Centers” J
Phys Chem, ASAP.

“MnSOD and Radiation Resistance in
Deinococcus  radiodurans: A  Pulse
Radiolysis Study” Seminar given by D.
Cabelli at CERM, Florence, Italy, February
23,2005

LDRD FUNDING:

FY 2003 $57,500
FY 2004 - $74,668
FY 2005 $15,329



Ne’w Development of

Norepinephrine Transporter
Radioligands for PET Studies
of Substance Abuse,

Depression and ADHD
Yu-Shin Ding 03-107

PURPOSE:

Research on dopamine (DA) and serotonin
(SER) systems related to various Central
Nervous System (CNS) disorders has
benefited from the availability of suitable
radioligands. The norepinephrine transporter
(NET) has long been recognized in relation to
the pathophysiology and treatment of
Attention Deficit Hyperactivity Disorder
(ADHD), substance abuse and depressive
disorders.
has been hampered by lack of suitable
radioligands. The fact that all three
transporters (NET, DAT and SERT) are
involved in various neurological and
psychiatric diseases places a sense of urgency
on the development of new NET ligands so
that we will be able to tease out the roles of
individual transporters underlying specific
CNS disorders.

APPROACH:

Reboxetine,(RS)-2-[(RS)-a-(2-ethoxy-
phenoxy)-benzyllmorpholine (RB), is a
specific NET inhibitor with a high affinity and
high selectivity (ICso DAT/NET = 4000), and
it has been approved for the treatment of
depressive illness in several European
countries. The purpose of this project is to
synthesize and evaluate positron emitter
labeled analogues of reboxetine for PET
imaging studies of NET in non-human
primates.

However, brain imaging of NET"
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TECHNICAL
RESULTS:

PROGRESS AND

As indicated in our last report, we have
identified a number of reboxetine (RB)
analogues that are potential radioligands for
PET studies of brain NET. We continue to
make significant progress, and we have
synthesized and evaluated several new ligands
that we proposed in our submission, including
RB, 3-CI-MRB, oxaprotiline and lortalamine.
These results provide valuable information in
our design to develop more promising NET
ligands.

Synthesis of [''C]Reboxetine ([''C|RB):

Currently, there is no satisfactory method for
the preparation of [''Clethyl labeled
radiopharmaceuticals. We proposed a new
s?lnthetic approach to the preparation of aryl
[''Clethyl ethers from [''C]JCH5I with an in
situ generated aryloxymethyllithium reagent,
and its application to the radiosynthesis of
[''C]RB. We were able to obtain the desired
product RB by using this strategy in an overall
yield of 71%.

Synthesis and evaluation of 3-Chloro-
['1C]O-methylreboxetine (3-Cl-[''CIMRB):
The precursor and the unlabeled standard, 3-
CI-MRB have been synthesized. We used the
same chiral resolution strategy, followed by
radiosynthesis to obtain pure (S,S) & (R,R)-3-
Cl-["'C]MRB. Comparative PET studies were
then carried out in baboons. It showed that
(S,S)-3-CI-[''C]MRB displayed appropriate
regional specificities and signal to noise ratio,
with TH uptake significantly higher than ST;
in contrast, high uptakes in both ST and TH
were observed for the (R,R)-enantiomer. This
suggests that (S,8)-3-CI-[''CIMRB is a
promising ligand for imaging brain NET.

Synthesis and evaluation of
['!C]Oxaprotiline (Oxap): Oxap and its
normethyl precursor were prepared in our lab
according to reported methods. Racemic
[''C]Oxap was then synthesized and subjected



to initial evaluation with PET. The tracer
uptake in baboon brain, in general, was high;
however, the distribution did not match with
the known NET distribution. The fact that
Oxap has the highest uptake in ST and low
S/N ratio suggested strongly to us that an
analogue with this type of molecular structure
is probably not desirable for in vivo imaging
of NET, despite the fact that its measured log
P is ideal (2.1).

and evaluation of
C]Lortalamine (Lort): The precursor and
the unlabeled standard, Lort, have been
synthesized. Racemic [''C]Lort was then
synthesized and subjected to initial evaluation
with PET in baboon. In terms of regional
specificity and signal-to-noise ratio, [\ C]Lort
is better than [''C]Oxap; however, [' C]Lort
still suffers high non-specific uptake in ST.

[Sl)lrnthesm

These results clearly indicated the superiority
of (S,S)-["'CIMRB and the suitability of the
MRB analogs ((S,S)-[''CIMRB >(8,S)-[''C]3-
CI-MRB >(S,S)-["*F]JFERB) as NET ligands
for PET. In addition to high uptake in ST
(higher than TH), Nis, Oxap and Lort
displayed high non-specific binding and poor
S/N. (R)-['*’IJiodoNis, which has high affinity
as a promising in vitro ligand, also has high
non-specific binding and lack of selectivity in
vivo.. Thus, (S,S)-["C]MRB remains by far
the most promising NET ligand for PET
studies.

Asymmetric synthesis to obtain single
enantiomer (S,S)-[”C]MRB: Since (S,S)-
[''CIMRB is superior to any existing in vivo
NET ligands, it’s currently used for many of
our baboon studies and will be used for our
future human studies as well. We, therefore,
investigated the feasibility of preparing a
single enantiomerically pure precursor that
can be used directly, without the need of
chiral separation by HPLC, for = the
radiosynthesis of (S,S)-[''CIMRB. We have
succeeded in an asymmetric synthesis via
Sharpless asymmetric epoxidation and
consequently to obtain the desired precursor,
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with the enantiomeric purity >99 9% as
checked by chiral HPLC, that leads to (S,S)-
[''C]MRB.

Evaluation of tracer metabolism: All of the
radiolabeled plasma metabolites of MRB were
polar species and are not expected to enter the
brain. To confirm this, mice were injected
with (S,S)-[''C]MRB, and their brains were
removed at 10 min after injection and
homogenized. = Radiolabeled species were
extracted and analyzed by radio-HPLC. It was
determined that >95% of radioactivity present
in the homogenates was unmetabolized parent
compound, indicating very low brain entry of
the radiolabeled metabolites of MRB.

Transgenic mice study: This study was
designed to test the in vitro specificity and
selectivity of (S,S)-[''CIMRB in NET
knockout and wildtype mice. The results
showed that the mean specific counts in LC
were 129+15 vs 28+4 (p<0.001) in wild type
compared to knockout mice. Cerebellar
counts were 34+5 and 20.6+2 (p=0.05) in wild
type and knockout mice, respectively; the
difference in non-specific binding was not
statistically significant. These results further
support our previous experiments
demonstrating that (S,S)-['CIMRB is a
selective ligand for brain NET. :

Co-registration with MRI: PET-MRI co-
registration can guide and improve the
reliability of ROI placement. @~ We have
conducted MRI scans on our baboons and will
use Pixel-wise Modeling (PMOD) to do the
co-registration and then draw the ROlIs.
Further data analysis such as DV can also be
performed with this PMOD technology.

Improved Kinetic Analysis (a new modeling
approach to the identification of a
reference region and its Application to the
Occupancy Studies): Our improved kinetic
analysis method using DVR calculated by
using an average of OCC and BG as the
reference region has provided more reliable
quantification in our occupancy studies. It’s



important to point out that the estimated NET
occupancies by the tracer alone were not
significant and we would not anticipate any
significant mass effects.

Taken together, the knowledge and expertise
we gained from our preliminary studies has
set the stage for further investigation of the
role of NET in psychostimulants in human
subjects.

IND Application for (S,8)-["'CIMRB: Upon
completion of the toxicolo%y study and receipt
of the report for (S,S)-[ CIMRB, an IND
application was submitted on March 4, 2005.
We received IND approval from the FDA on
April 11, 2005. In the meantime, an
application for human PET studies was made
to the Brookhaven Institutional Review Board
and this was approved on April 19. We then
began our human PET studies in normal
subjects using (S,S)-[''CIMRB.

Test/Retest Studies in normal controls: As
the FDA requested that our initial study has to
be restricted to normal subjects only and
without other drugs (i.e. methyl-phenidate),
and we are committed to submit all the
dosimetry and safety data to the FDA agency
for review prior to initiating new studies.
Currently, test/retest studies in the brain in
normal subjects to assess the reproducibility
of the tracer, along with the torso studies to
obtain dosimetry, are ongoing. The
preliminary data shows promising results.

Summary:

Two areas, substance abuse and ADHD,
desperately require further investigation since,
in spite of the massive public health problems
associated with drug abuse and the fact that
ADHD is the major psychiatric disorder in
children, effective treatments remain elusive
and the neurochemical mechanisms are poorly
understood. Our successful development of
selective NET radioligands would allow us to
measure occupancies and duration of action
by pharmacologically relevant doses of Coc
and MP. This will provide a pivotal tool to
investigate the role of NET in the reinforcing
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as well as the therapeutic properties of
stimulants.

To our knowledge, (S,S)-[''CIMRB is by far
the most promising in vivo NET radiotracer
with  adequate  pharmacokinetic  and
metabolism and is expected to provide
specific and functional maps of NET in the
brain.

animal vertebrate

This project involves

subjects.
SPECIFIC ACCOMPLISHMENTS:

Publications not previously reported:

Lin, K.S.; Ding, Y.-S.; Kim, S.W,; Kil, K.E.
Synthesis, enantiomeric resolution, F-18
labeling and biodistribution of reboxetine
analogs: promising radioligands for imaging
the norepinephrine transporter with Positron
Emission Tomography. Nucl. Med. Biol.
32:415-22, 2005.

Ding, Y.-S.; Lin, K.S.; Benveniste, H.; Carter,
P. Comparative evaluation of PET
radiotracers for imaging the norepinephrine

transporter: (S,S) and (R,R) enantiomers of
reboxetine  analogues ((""CIMRB, 3-Cl-
[iIC]MRB and H[’SF]FRB), R)-[
Clnisoxetine, [ Cloxaprotiline, and

[''Cllortalamine. J. Neurochem. 94:337-51,
2005.

Logan, J.; Ding, Y.-S.; Lin, K.S.; Pareto, D.;
Fowler, J.S.; Biegon, A. Modeling and
analysis of PET studies with Norepinephrine
transporter (NET) ligands: The search for a
reference region. Nucl. Med. Biol. 32:531-42,
2005.

Lin, K.S.; Ding, Y.S. Synthesis and C-11
labeling of three potent norepinephrine
transporter selective ligands ((R)-nisoxetine,
lortalamine, and oxaprotiline) for comparative
PET studies in baboons. Bioorg Med Chem.

- 13:4658-66, 2005.

Lin, K.S.; Ding, Y.S. Synthesis and C-11
labeling of three potent norepinephrine
transporter selective ligands ((R)-nisoxetine,
lortalamine, and oxaprotiline) for comparative



PET studies in baboons. Bioorg Med Chem.
13:4658-66, 2005.

Chapters and Reviews (invited):

Ding, Y.-S.; Fowler, J.S. New Generation
Radiotracers for nAChR and NET. In
proceedings of the third La Jolla Conference
“The Magic Bullet a Century Later.” Nucl.
Med. Biol. 32:707-718 (2005) Review.

Ding, Y.-S.; Lin, K.S.; Logan, J. PET imaging
of Norepinephrine transporter.  Current
Pharmaceutical Design (2005) Review, in
press.

Ding, Y.-S. and Gatley, S.J. Positron
Radiopharmaceuticals and their Chemistry in
“NUCLEAR MEDICINE,” R. Henkin, M.
Boles, G. Dillehay, J. Halama, S. Karesh, R.
Wagner, A.M. Zimmer, eds. Elsevier Press,
(2005).

Presentations to international scientific
symposia (2005 only):

Modeling and analysis of PET studies with
NET ligands. Logan, J.; Lin, K.S.; Ding, Y.-
S.; Pareto, D.; Fowler, J.; Biegon, A. 52nd
Annual Meeting of the Society of Nuclear
Medicine. Toronto, CA, June 18-23,.2005. -
Synthesis, C-11 labeling and in vivo
evaluation of a potent and selective reboxetine
analog as PET tracer for the norepinephrine
transporter. Lin, K.S. and Ding, Y.-S. 52nd
Annual Meeting of the Society of Nuclear
Medicine. Toronto, CA, June 18-23, 2005.

New generation radiotracers for nAChR and
NET, Ding, Y-S. MIRT Workshop (DOE).
Toronto, CA, June 17-18, 2005.

Recent development in new generation
radiotracers for PET imaging of the
norepinephrine transporter. Ding, Y.-S.; Lin,
K.S.; Logan, J.; Benveniste, H.; Carter, P.
52nd Annual Meeting of the Society of
Nuclear Medicine. Toronto, CA, June 18-23,
2005.

Synthesis and in vivo evaluation of C-11
labeled mazindol analogs for imaging the
norepinephrine transporter with PET. Lin,
K.S. and Ding, Y.-S.; Betzel, T.; Quandt, G.
16th International Symposium on Radio-
pharmaceutical Chemistry. Iowa, June 23-28,
2005.

Synthesis and C-11 labeling of three potent
norepinephrine transporter selective ligands
(lortalamine, oxaprotiline and (R)-nisoxetine)
for comparative PET studies in baboons. Lin,
K.S. and Ding, Y.-S. 16th International
Symposium on Radiopharma-ceutical
Chemistry, Iowa, June 23-28, 2005.

Recent development in new generation
radiotracers for PET imaging of the
norepinephrine transporter. Ding, Y.-S.; Lin,
K.S.; Logan, J. 16th International Symposium
on Radiopharmaceutical Chemistry. Iowa,
June 23-28, 2005.

Invited talks (2005 only):

Plenary speaker for the third La Jolla
Workshop on Receptor-Binding Radio-
pharmaceuticals, entitled The Magic Bullet: A
Century Later. La Jolla, CA, Feb 24-28,
2005.

Plenary speaker for the Molecular Imaging
and Radionuclide Therapy (MIRT) workshop,
entitled, "Translational Applica-tions of
Molecular Imaging and Radionuclide
Therapy,” June 17-18, 2005, Toronto, Canada.

LDRD FUNDING:

FY 2003 $112,000
FY 2004 $111,095
FY 2005 $ 93,195



Condition: Green Chemistry.

Radiolytic Studies of Ionic
Liquids in Service of Security
and the Environment

James Wishart 03-118

PURPOSE:

The objective of this project is to understand
the radiation chemistry of ionic liquids (low-
melting salts), a new class of solvents that can
be safer and more environmentally benign
alternatives to present technology. Radiolysis
studies are needed to determine the radiation
stability of ionic liquids for applications as
media for nuclear fuel processing and for
developing methods to study chemical
kinetics in these novel solvents. Results of
this study may lead to new, ionic liquid-based
initiatives in photochemical energy storage,
including (H, and methanol production),
nanoscience, chemistry related to actinide
processing, and a large, multi-investigator,
multi-institution project to study the physical
chemistry of ionic liquids.

APPROACH:

Tonic liquids have broad applications as media
for chemical transformations and in the study
of chemical reaction mechanisms. Pulse
radiolysis is an important and in some ways
unique method of studying chemical kinetics.
In order to use pulse radiolysis to study
reactions in ionic liquids, the yields and
chemistry of the primary radiolysis products
must be known. The time resolution of BNL’s
Laser-Electron Accelerator Facility (LEAF)
facility is uniquely suited to identify reactive
species and measure their reaction rates.
Subsequently, we will use our findings to
study charge transport and other reactions that
are relevant to chemical conversion of solar
energy.
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The physical properties of ionic liquids can be
varied over an extremely wide range, with
dramatic effects on reactivity. We design and
prepare ionic liquids with desired properties in
our lab and through collaborations with Profs.
Robert Engel and Sharon Lall-Ramnarine of
City University of New York (CUNY). We
characterize the physical properties of our
liquids by several techniques including AC
conductivity and viscometry. Solvation
dynamics is a very important facet of
reactivity in ionic liquids. We collaborate
with Prof. Edward Castner of Rutgers to
measure the solvation response of our ionic
liquids using time-resolved  emission
spectroscopy of solvatochromic dyes, with
Prof. Mark Kobrak of Brooklyn College,
CUNY on molecular dynamics simulations of
solvation phenomena, and with Prof. Steven
Greenbaum of Hunter College, CUNY, on
nuclear magnetic resonance (NMR) studies of
transport phenomena in ionic liquids.

“Criticality safe” ionic liquids (containing
high concentrations of thermal neutron
scavengers boron and/or chlorine) with good
fluid properties would be useful as safer
alternatives for nuclear processing
applications. It is important to find out what
kinds of radiolysis products are formed in
these liquids and how can the liquids be made
radiation-stable. We collaborate with Prof.
Christopher Reed of U. C. Riverside to design
ionic liquids containing inert carborane anions
and study their radiation chemistry.

TECHNICAL
RESULTS:

PROGRESS AND

Pre-solvated electron spectra and relaxation
dynamics in ionic liquids were observed by
visible and Near Infra Red (NIR) pulse-probe
spectroscopy using the LEAF accelerator.
Pulse-probe spectroscopy of three NTf; salts
(N-methyl-N-(n)-butyl-pyrrolidinium  (Py4"),
N-methyl-N-methoxyethyl-pyrrolidinium

(Pirom’) and  N-methyl-N-ethoxyethyl-
pyrrolidinium (P gog’)) between 600 and 1600
nm clearly shows the decay of a pre-solvated



electron species and growth of the fully
solvated electron. In P4 NTf,, the average
electron solvation time is 260 ps, comparable
to the average Stokes shift solvation time of
220 ps for coumarin 153 in the same liquid
(see below). Further comparisons of electron
and coumarin solvation times are being sought
in order to validate the estimation of electron
solvation times in ionic liquids that are too
viscous to use in the pulse-probe flow system,
pending implementation of the single-shot
ultrafast detection methods at LEAF.
Knowing electron solvation times is important
to understanding how dry electron scavenging
in ionic liquids affects radiolysis product
yields.

Time-resolved fluorescence of coumarin 153
(C153) was used to study solvation dynamics
in several ionic liquids over a wide
temperature range. Microviscosity =~ was
characterized using fluorescence anisotropy
measurements, while the time-dependent
Stokes shift of the C153 emission provides a
measure of the solvent reorganization. Both
C153 anisotropies and Stokes shifts display
multi-exponential dynamics, reminiscent of
glassy behavior.

In another collaboration with Prof. Ed
Castner, the ultrafast molecular dynamics of
pyrrolidinium  cation ionic liquids were
investigated using femtosecond optical
heterodyne-detected Raman-induced Kerr
effect  spectroscopy. Their picosecond
relaxation processes are best fit with a
triexponential model. The fast and
intermediate relaxation time constants are
about 2 and 20 ps and are almost the same for
all liquids. The slow relaxation time constant
is consistent with the Stokes-Einstein-Debye
hydrodynamic model for orientational friction.
The Fourier transform Kerr spectra of the
liquids were also obtained. The intermolecular
spectral densities of Pirog /NTE ,
P]EOM+/NTf2_, and P14+/NTf2_ show maxima at
lower frequencies than those of Pigoe /Br and
Piroe /DCA™, indicating weaker anion-cation
interactions in the NTf,™ liquids.
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A summer student project studied the effects
of ionic liquids on charge-transport reactions
in dipeptide-bridged donor-acceptor systems.
Preliminary results indicate that specific ionic
liquid anion-cationic acceptor interactions
influence the observed electron transfer
processes. This project will form the basis for
further study of the characteristics and
advantages of ionic liquids in devices for
photochemical energy storage.

SPECIFIC ACCOMPLISHMENTS:
Publications:

Ultrafast Dynamics of Pyrrolidinium Cation
Ionic Liquids H. Shirota, A. M. Funston, J.
F. Wishart, E. W. Castner, Jr. J. Chem.
Phys. 122, 184512 (2005), selected for the
Virtual Journal of Ultrafast Science (6/05)

Dynamics of Fast Reactions in Ionic Liquids
A. M. Funston and J. F. Wishart in “Ionic
Liquids IIIA: Fundamentals, Progress,
Challenges and Opportunities” Rogers, R.
D. and Seddon, K. R., Eds.; ACS Symp. Ser.
901, Ch. 8, American Chemical Society,
Washington, DC, (2005).

Radiation Chemistry of Ionic Liquids J. F.
Wishart, A. M. Funston, and T. Szreder in
“Molten Salts XIV” Mantz, R. A., et al.,
Eds.; The Electrochemical Society,
Pennington, NJ, in press.

A group of New York Regional Alliance for
Tonic Liquid Studies (NYRAILS) investigators
including this PI submitted an NSF Research
Experience for Undergraduates proposal
(pending) to establish a summer research
program in ionic liquids, with the help of the
BNL Office of Educational Programs.

Invited talks:

Radiation Chemistry of Ionic Liquids, at the
2004 Joint International Meeting of the



Electrochemical Society, Honolulu, HI, Oct.
7,2004

Picosecond Pulse Radiolysis of Ionic
Liquids - Complex and Structured Materials,
at the conference on “Sanken International
Symposium on Scientific and Industrial
Nanotechnology 2004,” Osaka, Japan, Dec.
7,2004

Picosecond Radiolysis of Ionic Liquids, at
the conference on “Transient Chemical
Structures in Dense Media,” Paris, France,
March 14, 2005

Technical Progress and Research Activities
at BNL’s Laser-Electron  Accelerator
Facility, Laboratoire de Chimie Physique,
Universit¢é de Paris-Sud, Orsay, France,
April 8, 2005

The Radiation Chemistry of lonic Liquids
via  Picosecond Electron  Radiolysis,
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Commisariat d’Energie
Marcoule, France, April 13, 2005

Atomique,

Solvation Dynamics of Excess Electrons in
Ionic  Liquids, at the symposium
“Spectroscopy of Biomolecules, Interfaces,
and Materials,” ACS Mid-Atlantic Regional
Meeting, New Brunswick, NJ, May 24, 2005

Ionic  Liquids:  Radiation = Chemistry,
Solvation Dynamics and Reactivity Patterns,
at the 2™ DOE Condensed Phase and
Interfacial Molecular Science Meeting,
Airlie, VA, October 26, 2005

Future talks on this work are scheduled for

meetings in Mumbai, India; Clausthal,
Germany; and Shanghai, China.

LDRD FUNDING:

FY 2003 $43,000
FY 2004 $79,517
FY 2005 $36,945



Exploring the Use of Powder
Diffraction for Proteins

Marc Allaire 03-119
PURPOSE:
The discoveries of ligands that bind

specifically to targeted proteins have a
dramatic impact in Life Sciences. We could
infer, from the chemical nature of these
ligands, possible biochemical activity and
assign function to proteins. These ligands
could also be used as probes, e.g. to observe
phenotype in cellular assay, and identify
cellular activity and function of these
proteins. Moreover these ligands could be
exploited in the process of drug discovery.
The purpose of this proposal is to develop an
X-ray based method such as Protein Powder
Diffraction (PPD) to identify protein/ligand
complexes.

APPROACH:

The goal of our approach is to use PPD to
identify protein/ligand complexes from
High-Throughput Screening (HTS) of a
large library of chemicals. The approach is
based on the idea that PPD data of bound
and unbound proteins should be different.
The work done by R. Von Dreele on
lysozyme suggests the potential of PPD to
locate ligands and infers the possibility of
using PPD and HTS to describe the binding
modes of a protein target. In our study we
want to develop a simple method based on

PPD data to identify protein/ligand
complexes. .
TECHNICAL PROGRESS AND
RESULTS:

Our initial effort has shown that powder
diffraction data could be acquired from a
solution of a lysozyme sample with the
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addition of NaCl. This data has been
subjected to restrained-Rietveld refinement
and converged with a final xz of 3.85 and
good stereochemistry. We then tested the
hypothesis that changes in PPD data should
be observed in the presence of bound ligand.
Our results indicated that we could identify
lysozyme/ligand complexes in comparing
their PPD profile. We have also shown that
the signal obtained from powder diffraction
data even at a d-Bragg spacing of ~3A is
sample-dependant.

Our goal over the last year was to produce
protein powders in preparation for HTS
assays. Samples were prepared in a 96-well
plate format with 10ul of lysozyme at a
concentration of 200mg/ml in an acetate
buffer of pH 4.5 mixed with 10ul of 2.0M
NaCl. Protein powder was readily produced
and measured at the NSLS beamline X3B1
using a crystal analyzer. The data
acquisition was done with the X-ray beam
passing directly through the plate. The
powder profile, as shown below, was of
comparable quality to profiles obtained with
samples in capillaries.

SPECIFIC ACCOMPLISHMENTS:

Producing diffraction quality powders from
soluble lysozyme and thaumatin. (2005) The
IUCR meeting. Florence, Italy.

X-ray based assays in chemical genetics and
ligand discovery. (2005) BioSciences



Division, Argonne National Laboratory,
Argonne, IL.

X-ray based assays in chemical genetics and
ligand discovery. (2005) Department of
Microbiology and Immunology, McGill
University, Montreal, Canada.
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LDRD FUNDING:

FY 2003
FY 2004
FY 2005

$45,000
$79,445
$34,880



Element—Resolved Dynamics
of Nanoscale Ferromagnets

Chi-Chang Kao 03-121
Dario A. Arena

PURPOSE:

The dynamical properties of engineered
magnetic materials (that is, alloys and
multilayer structures) are increasing in
importance and relevance, with the emphasis
to develop faster hard drives, advanced
magnetic memory for computers and novel
magneto-electronic components. However,
most experimental probes require
magnetization dynamics, such as conventional
ferromagnetic resonance (FMR). The purpose
of this LDRD is to develop elementally
resolved magnetization measurements in the
pico second time regime.

APPROACH:

All our measurements are based on X-ray
magnetic circular dichroism (XMCD), which
is a standard synchrotron-based spectroscopic
technique. XMCD provides the element-
specificity and high magnetic contrast that are
critical for our experiments. A benefit of
using synchrotron spectroscopy is that the
photon beam consists of short bunches that
arrive with a fixed frequency. Thus, the
instantaneous state of the magnetization may
be probed by synchronizing the arrival of the
photon bunches with a magnetic excitation
(described below). Time resolution 1is
achieved in a pump-probe fashion by varying
the delay between the excitation source and
the arrival of the photons. The combination of
a  pump-probe architecture and the
synchrotron based spectroscopy is time-
resolved XMCD (tr-XMCD).

Our approach for providing the perturbation
which initiates the magnetization dynamics
has evolved over the course of this LDRD.
Initially, we introduced a magnetization pulse
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with a fast rise time (~100 ps) into the central
conductor of a co-planar waveguide. A
magnetic alloy thin film has been deposited at
the central constriction (width ~100 um) in the
waveguide. The microwave pulse initiates a
rotation of the magnetization of the thin film
about an axis perpendicular to the applied
field. The magnetization of the sample then
precesses around the applied field with an
amplitude whose decay is described by a
phenomenological damping constant, o.
Because the magnetic film must be deposited
directly on the co-planar waveguide, the tr-
XMCD measurements must be made in
reflectivity mode. While we have successfully
used the technique to measure the dynamic
response of magnetic thin film alloys and
multi-layer structures, sample preparation is
difficult, tedious, and results in samples with
considerable surface and interface roughness.

To overcome these difficulties, and also to
expand the capabilities of tr-XMCD, we
recently undertook a complete redesign of the
experimental approach. Instead of using a
pulsed excitation source, we utilized a
synthesized sinusoidal RF excitation that was
phase-locked with the photon bunch clock
with the synchrotron. Our initial
measurements used a fixed frequency (2.3
GHz) excitation, although in the future we
plan to modify the set up to perform
measurements at variable frequencies. The
advantage of using a sinusoidal excitation is
that the magnetization of the sample precesses
at the same frequency as the driving RF. All
magnetic materials have a natural precession
frequency that depends on fixed internal fields
and external bias fields and thus the system
can be driven into resonance with the driving
RF field by varying the external field. The
system is exactly analogous to a forced, driven
harmonic oscillator such as a mass on a
spring, and indeed very similar changes in the
amplitude and phase of the precession
oscillations are observed as the system is
driven through resonance. This approach
using forced oscillations, which we term
element-resolved ferromagnetic resonance



(ER-FMR), has an additional advantage in
that sample preparation is much simpler as
planar films can be grown on suitable
substrates instead of relying on patterned
waveguide structures.

TECHNICAL
RESULTS:

PROGRESS AND

Our initial results using pulsed excitation
sources have been described elsewhere (refer
to the publications listed below). The re-
designed ER-FMR measurements have been
extremely successful. A novel feature of these
measurements is that conventional FMR
spectra can be measured, and tr-XMCD
measurements can determine the amplitude
and phase of the precession for the various
ferromagnetic elements in the sample. An
example of conventional FMR is shown
below; the sample was a FM tri-layer
(Ni81F819 / Cu /C0932r7):
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The red curve shows the conventional FMR
measurements, and the circles indicate the
field values that were used in subsequent tr-
XMCD scans. These scans are shown below
with the photon energy tuned to either the Fe
or Co L3 core level:
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As the system is driven through the main
resonance near 40 Oe, the increase in the
amplitude of the Fe oscillations and the
decline of the Co oscillations is clear. Also,
there is a clear shift in the phase of the
oscillations as the system is driven through
resonance. These types of measurements will
be used shortly to directly investigate several .
long-standing controversies on the nature of
energy loss mechanisms from oscillatory
precession modes such as the ones shown
above.

SPECIFIC ACCOMPLISHMENTS:

Publications

“Precessional dynamics of elemental moments
in a ferromagnetic alloy,” W.E. Bailey, L.
Cheng, D. J. Keavney, C.-C. Kao, E. Vescovo,
and D.A. Arena, Phys. Rev. B 70, 172403
(2004)

“Comparison of time-resolved XMCD
measurements in reflection and transmission
for layer-specific precessional dynamics
measurements,” Y. Guan, W. E. Bailey, C. -C.
Kao, E. Vescovo, and D. A. Arena, Journal of
Aplpied Physics, in press.

LDRD FUNDING:

FY 2003 $30,000
FY 2004 $79,558
FY 2005 $49,698



Membrane Biophysics Using
Model Membranes

Ronald Pindak
L. Yang

03-122

PURPOSE:

Structural studies on biological membranes
are important to understand the function and
regulation of membrane proteins and other

membrane  structures that carry out
important biological functions. However,
unlike soluble proteins that can be

crystallized and studied at atomic resolution,
these membrane structures are normally
fluid and cannot be crystallized. This LDRD
project aims to explore different forms of
model membranes that are suitable for
studying membrane structures and establish
the infrastructure that is needed to
characterize these structures.

APPROACH:

The model systems to be explored are solid
supported multi-bilayers, solid supported
single bilayers, and freestanding multi-
bilayers. In the previous fiscal year, we used
x-ray scattering to study substrate-supported
and free-standing lipid film under controlled
environmental conditions (temperature and
relative humidity), which lead to a variety of
temperature- and hydration-dependent lipid
structures and lipid-peptide complexes. In
FY04, we started to study substrate
supported single bilayers, which most
resemble biological membranes, but also are
the most difficult among the three model
systems to prepare and characterize. We
successfully measured x-ray reflectivity data
that showed the formation of a lipid bilayer,
and the subsequent adsorption of a protein
layer, on a silicon substrate submerged in a
buffer solution. Since then, we have shifted
our focus to the development of resonant/
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anomalous scattering techniques to examine
the periodic lipid structures formed in multi-
bilayers.

TECHNICAL
RESULTS:

PROGRESS AND

Our previous work on lipid structure in
substrate-supported films resulted in the
discovery of a lipid phase in which a
modulated structure with square symmetry
forms within each one of the stacked lipid
bilayers. =~ This square phase structure
belongs to a class of more generally
modulated structures. Clarifying the exact
shape of the modulation and how the lipid
chains pack is essential to understanding the
energetics that drive the formation of the
modulated phases in general. We have
collected high-resolution scattering data

(Fig.1) that correspond to the organization of
lipid chains and are currently analyzing the
data.
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Figure 1. The chain-packing peaks and their g,
profiles observed in (A) Ly’ (30 °C, 48%RH); (B)
Ly (43 °C, 31% RH); (C) square (30 °C, 54% RH);
and (D) L, (30 °C, 61%RH) phases of DTPC.

We have also started to explore, utilizing
resonant/anomalous scattering at the K-edge
of phosphorous (~2.1KeV), atoms that are
naturally present in lipid molecules.
Measurements at such low energies are
challenging, and there are a number of
technical issues that have to be resolved.



Firstly, the x-ray beam normally contains
higher energy photons that must be filtered
out. To do this, we utilized a compact plane
mirror that is positioned at an incident angle
that is between the critical angles of the
fundamental and higher harmonic photons.
Anomalous/resonant scattering is also often
polarization dependent. For this reason, a
compact x-ray polarization analyzer was
developed by a visiting graduate student
researcher, Suntao Wang. While developing
the polarization analyzer, the new
polarization  analyzer = was  recently
commissioned and applied to
unambiguously determine the structure
exhibited by bent-core liquid crystal
molecules. With this success in hand, we
will next focus our x-ray polarization
analysis on the lipid bilayer systems.
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SPECIFIC ACCOMPLISHMENTS:

L. Yang and M. Fukuto, “A Modulated
Phase of Phospholipids with Two-
Dimensional Square Lattice,” Phys. Rev. E,
72 (1): 010901, 2005.

N. W. Roberts, S. Jaradat, M. S. Thurlow,
Y. Wang, S. T. Wang, Z.Q. Liu, C.C.
Huang, J. Bai, R. Pindak and H. F. Gleeson,
“The temperature dependence of inter-layer
periodicities in antiferroelectric liquid
crystal mixtures as revealed by resonant x-
ray scattering,” accepted for publication in
Europhysics Letters

LDRD FUNDING:

FY 2003 $30,000
FY 2004 $79,316
FY 2005 $49,740



High Pressure in Strongly

Correlated Materials — An
Optical Investigation

Christopher C. Homes 03-127

PURPOSE:

The goal is to study the effect of pressure on
the complex optical properties of highly-
correlated electronic systems and to look for
novel behavior. The use of the diamond
anvil cell (DAC) in optical high-pressure
studies is a rapidly expanding field.
However, much of this work has focused on
insulating materials such as minerals.
Poorly conducting systems should be quite
sensitive to changes in pressure (i.e. metal-
insulator transitions, etc.) due to the poor
screening and the possibilities for correlated
behavior. The primary objective is to devise
a reliable method for measuring the
reflectance and transmission of the material
and to then determine the complex optical
properties. If successful, this project may
constitute the basis for a new fieldwork
proposal in the optical properties of
materials under high pressure.

APPROACH:

Studies of highly-correlated materials are
numerous, but there is little in the way of
high-pressure optical work. =~ We have
encountered  numerous  problems in
spectroscopy where there appears to be
accidental degeneracies that might be
removed with the application of pressure.
This served as a motivation to attempt an in-
house solution.

While diamond is the almost perfect optical
window, the small gasket (or aperture) size
in the DACs makes it difficult to pass light
through the cell. However, the synchrotron
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provides an extremely bright source; through
the use of optics that condenses the image
size, it is possible to pass a significant
amount of light through a small (100
micron) aperture. The combination of such
an ideal source and the expertise in infrared
spectroscopy and reflecting optics suggested
the viability of this project.

The high-pressure studies performed by the
Materials Synthesis Group (until recently led
by T. Vogt) allowed us to exploit an existing
knowledge base, rather then begin from
scratch. Our interest has also shifted to a
clamped pressure cell through a
collaboration with the University of
Budapest (G. Mihaly), which allows larger
samples, in particular single crystals, to be
examined.

TECHNICAL PROGRESS AND
RESULTS:
Initial actions were the hiring of a

postdoctoral fellow, Dr. Sasa Dordevic, who
arrived in December 2004. A DAC suitable
for optical studies was purchased, and a
vacuum optical bench was constructed using
off-axis parabolic mirrors (outlined in the
first status report).

In FY 2004 the transmission bench was fully
commissioned, and initial studies of the
effects of pressure on the high-dielectric
constant material CaCusTi;01,  were
performed using quartz as a pressure
calibration (quartz is preferable to ruby as it
avoids having to use powerful class 3b lasers
to determine the pressure in the cell). The
transmission cell is well suited for insulating
materials that are mainly transparent in the
infrared region. However, it does not work
well with metallic systems that are opaque.
To this end, we have collaborated with Prof.
G. Mihaly’s group (Budapest, Hungary), to
construct a clamped pressure cell with a
large wedged diamond window. While this



cell has a lower ultimate pressure (~25 kbar)
than is achievable in a DAC (~80 kbar), it
has a large sample volume that allows single
crystals to be examined, rather than powders
(shown in the figures below).

The cell is compact and threads into the
bottom of a flow cryostat, allowing the
effects of both temperature and pressure to
be examined.

In FY 2005 work was performed mainly on
the pressure studies of the polarized
reflectance of BaVS; (R. Gaal, Lausanne; I
Kezsmarki, Budapest) using the clamped
pressure cell. There has been considerable
success in the construction of a simple
optical bench for high-pressure studies, and
work in this area will continue.
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- recovery of the metallic state.

A further important result has been the
measurement of the complex optical
properties of the strongly-correlated material
BaVS;, which has a metal-insulator
transition below ~ 70 K.

T . 1.0

The conductivity (shown above, lower
panel) at ~ 60 K indicates that the charge-
transfer band shifts to zero frequency above
a critical pressure ~20 kbar, resulting in the
Additional
work on the polarized optical properties of
this anisotropic material are now underway.
During the course of this work, a new
scaling relation for high-temperature
superconductors was also  developed
between the superfluid density, the critical

temperature, and the normal-state dc
conductivity close to the critical
temperature.

SPECIFIC ACCOMPLISHMENTS:

FY 2004

“Energy scales in the high-T, superconduc-
tor YBa;Cu3Og:,” C.C. Homes, S.V.



Dordevic, D.A. Bonn, Ruixing Liang and
W.N. Hardy, J. Superconductivity 17, 93-96,
(2004).

“Sum rules and energy scales in the high
temperature superconductor YBayCuzOgsy”
C.C. Homes, S.V. Dordevic, D.A. Bonn,
Ruixing Liang and W.H. Hardy, Phys. Rev.
B 69, 024514 (2004).

“Signatures of bilayer splitting in the c-axis

optical conductivity of double layer
cuprates,” S.V. Dordevic, E.J. Singley, J.H.
Kim, M.B. Maple, T. Room, Ruixing Liang,
D.A. Bonn, W.N. Hardy, J.P. Carbotte, T.
Timusk, C. C. Homes, M. Strongin and D.N.
Basov, Phys. Rev. B. 69, 094511 (2004).

“A universal scaling relation in high-
temperature superconductors,” C.C. Homes,
S.V. Dordevic, M. Strongin, D.A. Bonn,
Ruixing Liang, W.N. Hardy, Seiki Komiya,
Yoichi Ando, G. Yu, N. Kaneko, X. Zhao,
M. Greven, D.N. Basov, and T. Timusk,
Nature 430, 539-541 (2004).

FY 2005

“Pressure induced suppression of the singlet
insulator phase in BaVS;: infrared optical
study,” I. Kezsmarki, G. Mihaly, R. Gaal, N.
Barisic, H. Berger, L. Forro, C.C. Homes,
and L. Mihaly, Phys. Rev. B 71, 193103
(2005).

“Coherence, incoherence and scaling
relations along the ¢ axis of YBayCuzOgsy”
C.C. Homes, S.V. Dordevic, D.A. Bonn, R.
Liang, and W.N. Hardy, submitted to Phys.
Rev. B 71, 184515 (2005).

“Scaling of the superfluid density in high-
temperature superconductors,” C.C. Homes,
S.V. Dordevic, T. Valla and M. Strongin,
Phys. Rev. B 72, 134517 (2005).
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“Extracting the electron-boson spectral
function a’F(w) from infrared and
photoemission data using inverse theory,”
S.V. Dordevic, C.C. Homes, J.J. Tu, M.
Strongin, T. Valla, P.D. Johnson, G. Gu, and
D.N. Basov, Phys. Rev. B 71, 104529
(2005).

“Electrodynamics of the nodal metal state in
weakly doped high-T. cuprates,” Y.S. Lee,
K. Segawa, Z.Q. Li, W.J. Padilla, M.
Dumm, S.V. Dordevic, C.C. Homes, Y.
Ando, and D.N. Basov, Phys. Rev. B 72,
054529 (2005).

“Scaling laws in high-temperature super-
conductors as revealed through infrared
spectroscopy,” C.C. Homes, Synchrotron
Radiation News 18, 9-14 (2005).

“Scaling of the superfluid density in high-
temperature superconductors,” C.C. Homes,
Strongly Correlated Electron Materials:
Physics and Nanoengineering, SPIE
International Symposium on Optics and
Photonics, San Diego, CA, 31 July — 4
August 2005. SPIE Proceedings, Vol. 5932,
59320M1-9 (2005).

Conferences:

FY 2004

“Signatures of charge inhomogeneities in IR
spectra of high-Tc cuprates,” S.V. Dordevic
(invited talk), March Meeting of the
American Physical Society, Montreal, P.Q.,
Canada, 22-26 March 2004.

“A new method of extracting electron-boson
spectral function o’F(w) from infrared and
ARPES spectra using inverse theory,”
(contributed talk) S.V. Dordevic, C.C.
Homes, J.J. Tu, T. Valla, M. Strongin, P.D.
Johnson, G.D. Gu, and D.N. Basov, Bull.
Am. Phys. Soc. 49, 818 (2004). March



Meeting of the American Physical Society,
Montreal, PQ, Canada, 22-26 March 2004.

“Infrared optical properties of
HgBa;CuOy4:5” (contributed talk) C.C.
Homes, S.V. Dordevic, G. Yu, X. Zhao, and
M. Greven, Bull. Am. Phys. Soc. 49, 818
(2004). March Meeting of the American
Physical Society, Montreal, PQ, Canada, 22-
26 March 2004.

“A new method of extracting electron-boson
spectral function o’F(w) from infrared and
ARPES spectra using inverse theory,”
(contributed talk) S.V. Dordevic, C.C.
Homes, J.J. Tu, T. Valla, M. Strongin, P.D.
Johnson, G.D. Gu, and D.N. Basov,
International conference on the Low Energy
Electrodynamics of Solids, Kloster Banz,
18-23 July 2004.

FY 2005

“A  universal scaling relation in high-
temperature superconductors,” (invited talk)
Aspen Winter Conference in Condensed
Matter Physics: High-Temperature
Superconductivity, 9-15 January 2005.

“Probing strong coupling effects in high-T.
superconductors using infrared spectroscopy

in high magnetic field,” (contributed talk) Y.
Lee, Z.Q. Li, W.J. Padilla, D.N. Basov, S.V.
Dordevic, C.C. Homes, K. Segawa, and Y.
Ando, Bull. Am. Phys. Soc. 50, 1243
(2005). March Meeting of the American
Physical Society, Los Angeles, CA, 21-25
March 2005.

“Universal scaling relation in high-
temperature superconductors,” (invited talk)
C.C. Homes, Bull. Am. Phys. Soc. 50, 1135
(2005). March Meeting of the American
Physical Society, Los Angeles, CA, 21-25
March 2005.

“Scaling of the superfluid density in high-
temperature superconductors,” (invited talk)
C.C. Homes, Strongly Correlated Electron
Materials: Physics and Nanoengineering,
SPIE International Symposium on Optics
and Photonics, San Diego, CA, 31 July — 4
August 2005.

LDRD FUNDING:

FY 2003 $54,400
FY 2004 $66,865
FY 2005 $11,000



Polyoxometalate Giant

Molecules: Novel Synthetic
Methods, Characterizations
and Potential Applications

Tianbo Liu

03-129
PURPOSE:

The purpose of this LDRD project is to
study the new physical properties of giant
polyoxomolybdate (POM) molecules. The
important fundamental scientific problem:
that is being explored can be stated as
“When the size of single inorganic molecules
reach the orders of nanometers in size, what
new sciences can we expect?” Particularly
focusing on the unique solution properties of
the giant POM anion, this project fits in well
with BNL efforts on nanoscience and
condensed matter physics.

APPROACH:

Since the last decade, inorganic chemists
have continuously synthesized giant POM
molecules, pushing the size of inorganic
compounds to the nanometer scale (The
largest one was discovered by the PI at
BNL). However, their physical properties
have not been systematically studied. In the
fields of nanoscience, the giant POMs offer
“dual personality” benefits: that possess the
advantages of single molecules (well-
defined structures and uniform size and
mass), and those of nanoparticles (complex
and variable electronic, magnetic, and
colloidal properties). This combination of
properties, especially the molecules’
monodispersed nature and adjustable
chemical and physical properties, could help
to develop more diverse nanomaterials than
were previously thought possible.
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The first priority is to study the fascinating
solution behavior of these giant POM
anions, which would provide a valuable link
to connect those of simple ions,
polyelectrolytes (e.g., proteins and DNAs)
and hydrophilic colloids.

Laser and small-angle X-ray scattering
techniques (X21C, NSLS), TEM (H. Li,
Biology, BNL) and AFM (Y. Cai, Physics,
BNL) are used for the study. Some samples
were provided by Prof. Achim Miiller at U.
of Bielefeld, the leading synthetic chemist in
the field of POM.

TECHNICAL
RESULTS:

PROGRESS AND

We have found that although highly soluble
and fully hydrophilic, POM and POM-based
macroions still tend to self-associate into
unknown supramolecular structures, this
obviously  contradicts our common
understanding on soluble ions. Successfully
determined that such strange structures
actually had unique single-layer vesicle
structure, and named it “blackberry.” This
discovery leads to the identification of a new
type of self-assembly in nature and finally
solves the historical “blue water” puzzle. A
new universal solute state has been
identified, resulting in the opening of a new

field — macroionic solution, which lies
between simple ions and colloidal
suspensions.

Expect that in the near future, the term of
“macroionic solutions” may become a new
direction in condensed matter physics and
Chemistry curriculum, paralleling those of
some other well-established areas such as
ionic solutions, polymer solutions, and
colloidal suspensions. Discussions on how
to incorporate the new results into
Chemistry textbook are underway with the
Journal of Chemical Education. A lot of
new physical phenomena have been



discovered, such as usual thermodynamic
and dynamic properties; tuning macroionic
charge density via pH and solvent; as well as
the bio-membrane like materials formed by
pure inorganic species. Have also
systematically studied the effects of
additional salts, temperature, solvent quality,
pH, size and charge density of macroions on
the formation of “blackberry,” and have
basically identified the nature of the strong
attractive force among macroanions.

Four high school students have been
working during the summer. They have
been very successful in various national
competitions.

Brandon Imber: Intel finalist (top 40 in the
nation); Siemens-Westinghouse semifinalist;

Champion, Long Island Science Fair
(physics); Champion, Naval Research
Contest.

Clara Tow: Intel semifinalist (top 300 in the
nation); Siemens-Westinghouse semifinalist.
Matthew Cons & Mike Bigesno, Siemens-
Westinghouse Regional finalist (top 30 in
- the nation). '

SPECIFIC ACCOMPLISHMENTS:

Tianbo Liu*, Ekkehard Diemann, Huilin Li,
Andreas Dress and Achim Miiller, “Self-
Assembly in Aqueous Solution of Wheel-
Shaped Mos4 Oxide Clusters into Vesicles,”
Nature, 2003, 426, 59.

Guang Liu, Yuguang Cai and Tianbo Liu¥*,
“An Automatic and Continuous Dissolution
and Precipitation Process in Inorganic
Macroionic Solutions,” J. Am. Chem. Soc.,
2004, 126, 16690.

Guang Liu and  Tianbo  Liu*,
“Thermodynamic Properties of the Unique
Self-Assembly of {MopnFesp} Inorganic
Macroions in Salt-Free and Salt-Containing
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Aqueous Solutions,” Langmuir, 2005, 21,
2713.

Tianbo Liu*, “An Unusually Slow Self-
Assembly of Giant Inorganic Ions in
Aqueous Solution,” J. ‘Am. Chem. Soc.,
2003, 125, 312-313.

Tianbo Liu*, “Supramolecular Structures of
Polyoxomolybdate-Based Giant Molecules
in Aqueous Solution,” J. Am. Chem. Soc.,
2002, 124, 10942-10943.

Tianbo Liu*, “Surfactant-Induced Trans-
Interface Transportation and Complex
Formation of Giant Polyoxomolybdate
Clusters,” J. Clust. Sci., 2003, 14, 215.

Guang Liu, Matthew Cons and Tianbo
Liu*, “The Ionic Effect on Supramolecular
Aggregates in Polyoxomolybdate Solution,”
J. mol. Lig., 2005, 118, 27.

Anatoly 1. Frankel*, Shira C. Frankel and
Tianbo Liu, “Structural Stability of Giant
Polyoxomolybdate Moleculaes as Probed by
EXAFS,” Physica Scripta 2005, T115, 721-
723.

Our work has been reported in over 15 top
scientific public magazines in different
countries, such as:

“Singin’ the Blue,” Chemistry — American
Chemical Society’s Award-Winning
Publication, pp.4, Winter 2003. (USA)

“Magnetic Molecules Take Better Pics —
Sharper Scans Out of the Blue,” New
Scientist, vol. 175, issue 2359, pp. 17,
September 7, 2002 (U.K.).

“Molybdin und Brombeersofe,”
Wissenschaft-online (German edition of the

Scientific American), August 28™ 2002.

“Rounding Up Nanoclusters,” Materials



Today, January 2004 (U.K.).

“Unique Molecular Structure Offers Insight
Into Nanoscale Self-assembly, Solution
Chemistry,” Science Daily, Nov. 6%, 2003
(USA).

“Mo’s Better Blues,” Reactive Reporis,
Issue #35, 2004 (U.K.).

“Researchers Track New Solute State,”
Tcetoday, September 10™, 2002 (U.K.).

“Old Chemical Enigma Solved,” Popular
Mechanics, pp. 34, December Issue, 2002
(USA).

“Molecular Structure Offers Insight Into
Nanoscale Self-Assembly,” Space Daily,
Nov. 7™, 2003 (USA).

“Metal-oxide nanowheels roll up into
vesicles,” NanoTechWeb, Nov. 7th, 2003
(USA).
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Science & Technology Trends, Dec. 2003
(Japan).

“Molibdénkékkel,” Nepszabadsag
(Hungary), January 18", 2003.

e “Distinguished Oversea Young Scientists
Award” from National Science Foundation
of China in 2004 (8 per year in chemistry
and chemical engineering related fields).

e Symposium organizer and co-Chair (From
polyoxomolybdate to complex ions), 28"
International ~Conference on  Solution
Chemistry, Debrecen, Hungary, August 23-
28™ 2003.

e 18 invited talks.

LDRD FUNDING:

FY 2003 $54,000
FY 2004 $95,532
FY 2005 $45,558



Functional Bulk Mn-Based
Nanocomposites

Laura H. Lewis 03-138

Chi-Chang Kao

PURPOSE:

This work includes scientific and strategic
objectives and is innovative in that it
addresses a topic that is new within the DOE
BES research portfolio. The scientific
objective is to synthesize and characterize
the materials attributes and response of
magnetic nanosystems with a magneto-
structural transition. While properly
selected bulk magnetostructural material
systems are anticipated to exhibit an extreme
functional response, such as a giant
magnetocaloric or colossal magnetoresistive
effect, the nature of the response remains
unknown in the nanostructured counterpart.
Understanding the fundamental nano-
magnetism will advance the science as well
as foster new technology that supports
selected missions of the DOE. The strategic
objective of this work is to enhance the
metastable or nanomaterials synthesis
capabilities resident in the Materials Science
Department by installation of a commercial
Melt Spinner.

APPROACH:

The research focus is directed towards
ferromagnetic equiatomic MnBi, chosen due
to its well-known novel bulk magnetic
properties such as a record magneto-optical
Kerr effect and a magnetostructural trans-
ition underlying a large magnetocaloric
effect and a giant magnetoresistive effect.
This compound was successfully prepared in
nanostructured form by employing the rapid
solidification method of melt-spinning to a
nominal eutectic MnsBigs alloy, resulting in
unusual MnBi nanorods in a coarse-grained
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‘optimum  processing

Bi matrix (in collaboration with A. R.
Moodenbaugh, MSD). Materials character-
ization was carried out from a variety of
perspectives with a variety of probes.
Structural characterization was achieved by
standard laboratory x-ray diffraction and
high-resolution transmission electron micro-
scopy (HRTEM) (in collaboration with
Yimei Zhu (CFN)). Characterization of the
transport properties was carried out with a

superconducting  quantum interference
device (SQUID) magnetometry and
magneto-resistance measurements  (with

Qiang Li, MSD). Advanced characteriza-
tion of the phase constitution structural
details has been investigated with the
synchrotron X-ray (NSLS X7B).
Additionally, discussions with the BNL
Computational Science Center are ongoing.

TECHNICAL
RESULTS:

PROGRESS AND

A commercial Melt Spinner (Edmund-
Buhler GmBH, model SC) was installed and
conditions  were
established in 2003 and 2004. Ex-situ
annealing of the quenched samples at 530 K/

1 hour produced isolated, atomically
coherent uniform MnBi nanorods of
diameter 10 nm and length 30 nm.

Magnetic properties reported in the bulk
MnBi, such as a spin reorientation Ts ~ 90 K
and positive temperature coefficient of
coercivity ~were preserved in  the
nanostructured materials in this study,
indicating that those effects are not closely
related to the nanoscaling effect. However,
a reduction in the Curie temperature of 100
K from the bulk value of ~ 650 K and a new
first-order magnetic phase transition have
been verified in this nanostructured material,
confirming the proof of concept of the
research. Studies of the behavior of MnBi
nanorods in the presence of a magnetic field
during heating revealed development of a



crystallographic nanorod texture and thus a
tailored = anisotropy.  Synchrotron x-ray
diffraction showed that the magnetic
behavior introduced above is related to the
crystal structure changes during in-situ
heating. Additionally, an extremely high
magnetoresistive effect (~300 % at 300 K) is
found in ex-situ annealed ribbons, which
may be further enhanced in samples with
aligned nanorods (Fig. 1).

SPECIFIC ACCOMPLISHMENTS:
Publications:

1) K. Kang. L. H. Lewis, and A. R.
Moodenbaugh, “Crystal structure and mag-
netic properties of MnBi/Bi nanocompo-
site,” J. Appl. Phys., 97 (2005) 10K302.
[Also in Virtual Journal of Nanoscale Sci-
ence & Technology, vol. 11, Issue 20, May
23 (2005)]

2) K. Kang, L. H. Lewis, and A. R.
Moodenbaugh, “Alignment and analyses of
MnBi/Bi nanostructures,” Appl. Phys. Lett.
87 (2005) 062505.

3) Kyongha Kang, Y. F. Hu, L. H. Lewis,
Qiang Li, A. R. Moodenbaugh, and Young-
Suk Choi, “Large ordinary magneto-
resistance in melt-spun Bi thin ribbons,” J.
Appl. Phys. 98 073704 (2005).
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4) Kyongha Kang, Y. F. Hu, L. H. Lewis,
Qiang Li, A. R. Moodenbaugh, and Young-
Suk Choi, “Magnetic and transport proper-
ties of MnBi/Bi nanocomposites,” J. Appl.
Phys, (2005) (accepted).

5) L. H. Lewis and Kyongha Kang et al.,
“MnBi Nanocomposites: Magnetostructural
Size Dependence and Matrix Templating”
(to be submitted).

Presentations:

1) K. Kang, L. H. Lewis and A. R. Mooden-
baugh, “Crystal structure and magnetic
properties of MnBi/Bi nanocomposite,” at
the 49™ Conference on Magnetism and
Magnetic Materials, Nov. 7-11, 2004, Jack-
sonville, Florida.

2) Kyongha Kang, L. H. Lewis, Y. F. Hu,
Qiang Li, A. R. Moodenbaugh and Young-
Suk Choi, “Magnetic and transport proper-
ties of MnBi/Bi nanocomposites,” 50" An-
nual Conference on Magnetism & Magnetic
Materials, San Jose, CA, Oct. 30-Nov. 3,
2005.

LDRD FUNDING:

FY 2003 (partially refunded) $28,000
FY 2004 $76,906
FY 2005 $42,185

Figure 1. Room-temperature perpendicular magneto-
resistance (MR) data and fits to the MR data using the
Pippard-Fawcett two-carrier expression for MnsBigs ex-situ
annealed.
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Radio Wave Detection of
Ultra High Energy Cosmic
Rays

Helio Takai

03-151

PURPOSE:

This project seeks the detection of ultra high
energy cosmic rays via radio (radar)
detection. It is well known that micro-
meteors when vaporized in the upper
atmosphere produce ionization trails that
reflect radio waves in the 30-100 Mhz range.
Ultra high energy cosmic rays with energies
larger than 10'® eV produce ionization
densities similar to micro-meteors and hence
their detection via radio (radar) should, in
principle, be possible. To prove the concept,
an experiment where a radio echo is detected
simultaneously with muons produced in the
shower is being built. If proven successful a
dedicated experiment can be built to cover
an area near to 10® km? at a reasonable cost
for the study of ultra high energy cosmic
rays.

APPROACH:

In recent years cosmic rays of energies larger
than 10%° eV have been detected. The origin
and nature of the acceleration mechanism
that can accelerate particles to such high
energies is unknown. To put it in
perspective these energies are four orders of
magnitude larger than what the Large
Hadron Collider, schedule to be operational
in 2007, will accelerate. ~What are the
acceleration mechanisms that can accelerate
particles at these extreme energies? What
sources of energy are available to accelerate
particles at these energies? To study this
problem large area detectors are required
due to the very low event rate. The largest
detector now under construction the Auger
observatory, will cover an area of 3,000km2 .
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Radar allows for the construction of
detectors with coverage of the order of 10°
km?. This project seeks the detection of
Radio waves from commercial transmitters,
e.g. TV stations, in coincidence with
compact shower detectors. Because of the
distances involved, detection sites will be
located far apart. Each detection site will
acquire data independently and register the
detection time using a GPS clock. Off line
all the event times will be scanned and
coincidences sought.

We collaborate in this project with U. of
Stony Brook (M. Rijssenbeeck, M. Marx),
the Suffolk County Community College (B.
Warasila, T. Breeden and M. Inglis), and 12
high school physics teachers from Long
Island and Maryland.

TECHNICAL
RESULTS:

PROGRESS AND

The array now available for studies is
comprised of 10 scintillator detectors and
one radar site. At the moment 4 of the
scintillator sites are operational and 6 are
being commissioned. The problem we face
in the installation is primarily access to the
network in High Schools.

The radar site in BNL has undergone several
design changes. The most fundamental
change was the antenna design which is
based on existing antennas used in low-
frequency radio astronomy. This addresses
the issue of flat frequency response and
impedance mismatch.

We spent time to model the radio response
from an ionization cloud produced by a
cosmic ray shower. This model includes the
free electron lifetime performed at the
NSLS. The modeling shows that the
footprint of the signal will be widespread on
the ground and short in duration. The signal



will be present for 10 microseconds which is
well within the range of detectability.

We have attracted a group of the Electrical
Engineering department in Stony Brook who
are interested in the development of a
dedicated radar system. Collaboration with
the Astrophysics group from the Argonne
National Laboratory is also underway.

SPECIFIC ACCOMPLISHMENTS:

We have presented results of our experiment

at the following conferences and invited
talks:

"Detecting UHECR via RADAR," Colloquia
given to ASTRON, The Dutch Centre for
Radioastronomy, Dwingeloo, The
Netherlands, June 2, 2005.

"Detecting EAS with RADAR" Seminar
given to the Auger -collaboration, in
Malargue, Argentina, November 11, 2004.

We have submitted and obtained funds of
$205,000 from the NSF for the continuation
of this project.  This project will be
performed together with the Stony Brook
Physics Department.

LDRD FUNDING:

FY 2003 $100,000
FY 2004 $123,923
FY 2005 $ 17,502
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New Synthesis Techniques to

Control Atomic Defects in Ad-
vanced Intermetallic Com-
pounds

Lance D. Cooley 03-162
PURPOSE:
Advanced intermetallic superconductors

need to balance the delicately structural per-
fection, which enhances superconductivity,
and structural disorder, which adds electron
scattering and improves the upper critical
field H,,. This project explores new synthe-
sis techniques that manipulate this balance
in a controllable manner.

APPROACH:

Techniques to alloy MgB, received signifi-
cant focus. Substitution of carbon for boron
was explored because carbon alloying pro-
duces poH,2(0) values well above the ~30 T
limit of Nb3;Sn. This makes Mg(B,C), a po-
tential new material for energy science ap-
plications. Also, substitution of Al for Mg
or C for B produces changes in the underly-
ing physics of the two-band superconductiv-
ity that are not fully understood.

During FY2004, synthesis techniques were
set up to control the volatility of Mg. Sub-
stitution of Al for Mg was then explored to
understand the changes to the physics when
an extra electron is added to the band struc-
ture. Since Al does not enter interstitial
sites, a baseline for determining the homo-

geneity of alloying elements could also be

obtained.

Alloying with carbon was more complicated
because C can either enter an interstitial site
or substitute for B. The much higher ener-
gies of B defects than for Mg defects, and
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the presence of other Mg-B-C ternary inter-
metallics, made intended arrangements of
carbon in MgB, more difficult to control.
Characterization thus built upon the work
established for Al alloying. Also, mixtures
of boron and carbon were specially prepared
using a plasma torch to reach very high tem-
peratures, in collaboration with the Center
for Thermal Spray Research at Stony Brook
and with Specialty Materials, Inc. This pro-
vided higher uniformity of the carbon con-
tent in the boron carbide precursor.

This LDRD project supported a postdoc,
Antionio Zambano, who led much of the
work. Electromagnetic and heat capacity
measurements, which probe the different
bands participating in superconductivity,
were coordinated with electron energy-loss
spectroscopy (EELS) to compare property
changes to the electronic structure. The lat-
ter measurements were done in collaboration
with Y. Zhu’s group in the Center for Func-
tional Nanomaterials.

TECHNICAL
RESULTS:

PROGRESS AND

In FY2004, we made many Al and C alloyed
samples using reactions typically used to
make pure MgB,. These initial samples in-
dicated that interesting changes in 2-band
superconductivity were occurring because of
the extra electrons provided by either Al or
C, which filled the important hole states in
the boron o band. However, the physics was
difficult to understand because there was
significant scatter in property trends as a
function of Al or C composition. Also,
many samples were porous and not well
suited for electron microscopy.

During FY2005, we discovered that the re-
actions above, which have been widely used
by other researchers, were not sufficient to
produce homogeneously alloyed samples.
Detailed analyses of x-ray diffraction spectra



revealed evidence for compositional gradi-
ents. We were able to remove these gradi-
ents by altering our synthesis approach. In
doing so, we discovered that the scatter in
property trends analyzed as a function of
composition could be removed when ana-
lyzed as functions of crystallographic data.
This important discovery allowed us to ap-
proach the underlying physics despite the
presence of sample inhomogeneities.

The combination of EELS with heat capacity
measurements revealed a curious inversion
of the hierarchy of the two superconducting
bands for heavy Al alloying. EELS data in-
dicated that 33% Al doping provided enough
electrons to fill the o band, which is the
stronger band in pure MgB,. But this did
not destroy superconductivity; rather it per-
sisted at a low level up to 55% doping. Heat
capacity measurements showed that the n
band became the stronger band at high dop-
ing levels. This suggested that heavily Al-
alloyed MgB; is akin to intercalated graph-
ite. Thus, we concluded that the extraordi-
nary superconductivity in pure MgB, is not
an isolated occurrence, but it is a result of
the favorable positioning of the o band with
electron removal. This important result im-
plies that other high-temperature supercon-
ductors might be possible in graphite ana-
logs by suitably adjusting their ¢ bands.

As expected, carbon alloying was found to
be significantly poorer in homogeneity than
Al alloying of MgB,. However, the x-ray
diffraction analyses revealed huge strains,
more than 2%, indicating a possible separa-
tion of reaction pathways between Mg and
B4C. Annealing at very high temperatures,
too high for many applications, was required
to produce the level of homogeneity compa-
rable to those in Al-alloyed MgB, and in
pure MgB,. This implies that far-from-
equilibrium synthesis routes are needed to

achieve high H,; values in practical forms of
carbon-alloyed MgB,.

SPECIFIC ACCOMPLISHMENTS:

Funding: Renewal of “Superconducting
Materials,” DOE-BES Field Work Proposal
(Li and Cooley), $729k. The LDRD project
provided the seed for a central task. This
work was the subject of a DOE-BES panel
review 6/22/05.

Publications:

e A.J. Zambano, A. R. Moodenbaugh and
L. D. Cooley, “Effects of different reac-
tions on composition homogeneity and -
superconducting properties of Al-doped
MgB,” Supercond. Sci. Technol. 18
(2005) 1411.

e L. D. Cooley, A. J. Zambano, A. R.
Moodenbaugh, R. F. Klie, Jin-Cheng
Zheng, and Yimei Zhu, “Inversion of
two-band superconductivity at the criti-
cal electron doping of (Mg,Al)B,” to
appear in Phys. Rev. Lett.

e R. F.Klie, J. C. Zheng, Y. Zhu, A. J.
Zambano and L. D. Cooley “Electron
energy-loss spectroscopy study of elec-
tron-doping in MgB,” submitted to
Phys. Rev. B

e L.D. Cooley, Kyongha Kang, R. F. Klie,
Qiang Li, A. M. Moodenbaugh, and R.
Sabatini, “Low-temperature synthesis of
MgB, from B¢Si,” Supercond. Sci.
Technol. 17 (2004) 942. (FY2004 re-
sult.)

LDRD FUNDING:

FY 2003 $88,000
FY 2004 $90,577
FY 2005 $70,713



Femtosecond Photoinitiated
Nanoparticle Surface
Chemistry

Nicholas Camillone IIT 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 are developing capabilities to probe
with femtosecond time resolution the chemi-
cal 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 brings new capabilities and
expertise to BNL. This project is seeding
the growth of Ultrafast Surface Dynamics
research within the Surface Chemical Dy-
namics component of the Chemical Physics
Program. In addition, this project is nucleat-
ing discovery in an important area with the
promise of continued growth in a number of
different venues at BNL, such as the Center
for Functional Nanomaterials, the Laser-
Electron Accelerator Facility, and the Ca-
talysis on the Nanoscale Program.

APPROACH:

About ten years ago a new class of surface
chemistry, involving excitation driven by
femtosecond light pulses, was demonstrated’
and has recently begun to be exploited to
study reaction dynamics on planar surfaces.”
However, little has been done to explore
these phenomena on nanoscale materials,’
where size-dependent properties are ex-
pected to impact the surface chemical dy-
namics.* In particular, on supported metal
nanoparticles, spatial confinement of elec-
trons, size-dependent electronic structure’
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and changes in electron-phonon coupling®
are expected to significantly affect hot elec-
tron lifetimes in small nanoparticles. Fur-
thermore, enhancements in photoelectron
yield from nanoparticles have been indi-
cated.” These effects are expected to impact
the dynamics of adsorbates on nanoparticles.
We aim to explore these dynamics as the
size of the nanoparticles is varied through
the regime spanning the non-metal to metal
transition.

Our experiments employ the two-pulse cor-
relation (2PC) techniquez’8 wherein, the pho-
toexcitation pulse is split into two pulses
separated in time by a variable delay and
directed to impinge upon the target. The
photoinduced desorption yield is measured
by a quadrupole mass spectrometer (QMS).
In part because the relaxation times of the
electronic and lattice temperatures differ by
an order of magnitude, the 2PC desorption
yield correlation width depends upon the
desorption mechanism. This enables distinc-
tions to be drawn among possible 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.

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).
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FIG.1. TPD spectrum for O, desorbing from
Pd(111).
TECHNICAL PROGRESS AND
RESULTS:

During fiscal year 2005 several important
milestones towards achieving our stated
goals have been reached:

* Protocols were developed and executed to
prepare Pd(111), a model surface chosen for
this work. The thermal surface chemistry
with molecular oxygen was surveyed with
temperature-programmed desorption (TPD,
see Fig. 1). Results were in agreement with
the literature.’

* Our first femtosecond photoinduced de-
sorption measurements of O, from Pd(111)
were made. This involved the development
of a detection protocol and new software.

* Our first 2PC measurements for photoin-
duced desorption of O, from Pd(111) were
made (Fig. 2). This involved alignment of
optical components to manipulate and char-
acterize the laser pulses, including: installa-
tion of a new frequency-resolved optical gat-
ing second-harmonic (SHG)-based pulse-
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width measurement device; construction of a
separate SHG-based device to characterize
the temporal profile of the pulses at a loca-
tion approximating that of the target surface;
construction of an autocorrelator incorporat-
ing an optical delay line; installation of a
CCD camera to measure the spatial profile
and alignment of the incident pulses at a lo-
cation approximating that of the target, and
the development of new software to control
the optical delay line and acquire SHG and
2PC data.

» Measurements of the dependence of the
desorption yield upon adsorbed fluence were
made. At low O, coverage, these data are in
reasonable agreement with those found in
the literature® (Fig. 3). At coverages greater
than those used in the previously published
work, our measurements suggest a signifi-
cantly higher photodesorption cross section.
Other preliminary measurements suggest
that the desorption dynamics may be cover-
age dependent. Changes in the 2PC re-
sponse and the photon fluence-dependence
of the cross section with O, coverage are
areas of ongoing detailed investigation.

» We researched and purchased an evapora-
tive doser for physical vapor deposition
(PVD) of Pd and Au nanoparticles.
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FIG. 2. Subpicosecond-resolution two-pulse corre-
lation measurements of photoinduced desorption of
O, from Pd(111).



Projected milestones for FY 2006 include:

* optimization of the detection scheme in-
cluding shot-to-shot pulse energy measure-
ments and isotopic substitution,

» exploration of the coverage dependence of
the dynamics of photoinduced desorption of
O, from Pd(111),

+ measurements of the photoinduced desorp-
tion of CO from Pd(111),

e characterization of rutile TiO; (110) sur-
faces to serve as substrates for the nanopar-
ticle experiments,

* TPD studies of CO and O, from Pd
nanoparticles grown on TiO,, and

* 2PC measurements of the photoinduced
desorption of CO and O, from Pd nanoparti-
cles.

Reaching the last two milestones will re-
quire completion of the final major step in
construction of the apparatus. This will in-
volve installation of the evaporative metal
source for PVD of nanoparticles, and a
quartz crystal microbalance to monitor the
deposition rate.
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FIG. 3. Photoinduced desorption yield for O, from
Pd(111) when prepared with a coverage such that
only the a, feature is observed in the TPD.
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Our longer term goal is to explore the size-
dependence of the desorption dynamics of
molecular adsorbates from nanometer scale
metal particles. It has been shown that Au
and Pd nanoparticles can be grown on TiO;
with a relatively narrow size dispersion by
PVD with mean particle diameters on the
order of 1 to 50 nm.>!® This size regime is
of interest because the reactivity of the parti-
cles for the catalytic oxidation of CO shows
a marked peak for particles approximately
3 nm in diameter, and this peak in reactivity
coincides with the non-metal to metal transi-
tion."! Our aim is to measure the desorption
dynamics of CO from nanoparticle assem-
blies as a function of nanoparticle size to
begin to probe the chemical dynamics be-
hind the marked size-dependence of the re-
activity of this model catalytic system.

SPECIFIC ACCOMPLISHMENTS:
Strategic Accomplishments

» Based in part on extension of this LDRD
work, a proposal for “Ultrafast Investiga-
tions of Surface Chemical Dynamics” was
made at the DOE Chemical Sciences Re-
view of the BNL Chemical Physics Program
in October of 2003. The proposal was ap-
proved for funding of $955,000 available in
FY 2005 through 2007.

» As a result of the success of the October
2003 proposal to DOE, we have formed a
new Surface Chemical Dynamics Group.
The group includes principal investigators
M. White and R. Beuhler, A. Harris, and
N. Camillone (all BNL Chemistry).

LDRD-Related Presentations

o “Ultrafast Investigations of Surface
Chemical Dynamics,” N. Camillone III, oral
presentation at the DOE Chemical Sciences
Review of the BNL Chemical Physics Pro-
gram (BNL, October 28, 2003).



« “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).
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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 DUV-FEL (Deep Ultra-Violet Free
Electron Laser) 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 (High
Gain Harmonic Generation) process to carry
out CPA (Charge Pre Amp) at the DUVFEL.
The 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 lengths
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
NISUS (Near Infra Red Scalable Undulator
System) at the DUVFEL. The results agree
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with the 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

We have made significant progress towards
achieving CPA in FEL.

Since we have achieved stable HGHG
output at 266 nm using an 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 1.5nm,
which is quite close to the theoretically
expected maximum bandwidth achievable,
i.e. 1.8 nm. This gave us confidence for the
desired CPA.

We then proceeded to install the SPIDER
(Spectral Interferometry for Direct Electric-
Field Reconstruction) 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 an energy upgrade at
the SDL (Source Development Lab) from
May 2004-June 2005, we started to repeat
what had been achieved in FY2003-2004.
We are still continuing to improve the
electron beam quality to the level before the



shut-down.  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 are in
progress to improve on this.

SPECIFIC ACCOMPLISHMENTS:

Our works acquired funding of $400K from

the Air Force Office of Scientific
Research/Finance  Dept.  (AFOSR/PIF),
Medical FEL Research Program, Agreement
Number NMIPR015203751.

We have obtained funding of $1M from the
NAVY on high energy free electron lasers,

which is related to the recent works on
HGHG.

Publications:

e H. Loos, A. Doyuran, J. B. Murphy, J. Rose,
T. Shaftan, B. Sheehy, Y. Shen, J. Skaritka,
X.J. Wang, Z. Wu, L.H. Yu, “ELECTRO-
OPTIC LONGITUDINAL ELECTRON
BEAM DIAGNOSTIC AT SDL,” PAC
2003

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
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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.
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Murphy, George Rakowsky, James Rose,
Timur Shaftan, Brian Sheehy, Yuzhen Shen,
John Skaritka, Xijie Wang, Zilu Wu, and
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Beams 7, 050701 (2004)
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BNL,” NIM, A, Volume 528, Issues 1-2,
Pages 467-470 (2004)

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

e 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
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Overcoming Coherent

Instabilities at Medium-Energy
Storage Rings

Jiunn-Ming Wang 04-025

PURPOSE:

In the United States, Europe and Japan, new
light sources are being designed which are
comprised of medium energy storage rings
with twenty or more Mini Gap Undulators
(MGUs) with magnet gaps of 5 mm. The
mini-gap undulator provides a means of
producing X-rays with high brilliance from a
medium-energy storage ring. Unfortunately, it
has been observed in many light sources
throughout the world that the tapered vacuum
vessels for such undulators tend to excite
transverse mode-coupling instability (TMCI)
of the electron beam. In order to avoid
operational complications, the effects of
transverse mode-coupling instability in the
new storage rings must be minimized. The
purpose of this LDRD is to analyze the
impedance and study the potential coherent
instabilities for medium energy storage rings
containing Mini Gap Undulators.

APPROACH:

In this LDRD project we plan to carry out:

1. numerical and analytical analyses of the
coupling impedance for the most critical
storage ring components;

2. investigations of the electrodynamic
properties of the identified components in

order to reduce their impedance
contribution to the total impedance of the
ring;

3. analytical verification of the calculated
data from the electromagnetic simulation
program GdfidL,;

4. comparison of the received data for the
critical components with results obtained
at other laboratories.
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analysis of the preliminary impedance
budget for the NSLS-II storage ring.

The collaborators of this work include Alexei
Blednykh, Samuel Krinsky, James Rose,
Stephen Kramer, Toshiya Tanabe, George

Rakowsky and Joe Greco.
TECHNICAL PROGRESS AND
RESULTS:

a) In the future medium energy storage rings
it is planned to install both
superconducting and in-vacuum room
temperature MGU (RTMGU).
Investigation of the transverse impedance
of the in-vacuum RTMGU shows that the
driving charge can excite in the structure
some strong resonant modes. All modes
in the structure were identified and
classified. Existence of the resonant mode
at low frequencies can give rise to coupled
bunch instabilities. This type of instability
requires additional research, which can be
done experimentally using the X25
RTMGU after it’s installed into the NSLS
X-Ray ring.

b) The tapered elliptic vacuum chamber for
Superconducting MGU has smaller
contribution to the transverse impedance
than RTMGU, as can be seen from
comparison of the kick factors. The kick
factor for the tapered elliptic vacuum
chamber is a factor of 4 smaller than for
the RTMGU.

¢) Investigation of the electrodynamic
properties of the tapered elliptic vacuum
chamber uncovered the existence of
trapped modes.  These modes were
identified and classified.

d) To verify existence of the trapped modes
in the tapered vacuum chamber, a
rectangular prototype was manufactured
for microwave measurements. The
obtained experimental results are in
agreement with analytical and numerical
calculations. All identified modes
correspond to the TE,-Mode (mode with
transverse electric field).



e) For some components of the future storage
rings, we have carried out a series of the
analytical verifications of the received
numerical code calculated data.  For
example, it has been found that analytical
results for the dipole vacuum chamber
using the  theoretical  Bethe-hole
predictions, and the theoretical studies of
A. Fedotov, L. Gluckstern, S. Kurennoy
and G. Stupakov, are in agreement with
the GdfidL calculations.

f) One of the most important parts of our
research has been to compare GdfidL
results with already evaluated data of
other laboratories. For this purpose we
chose identical geometries to make sure
that the results calculated using difference
methods were in agreement. Results for
two geometries, the tapered elliptic
vacuum chamber and the SOLEIL’s BPM,
were compared in collaboration with
Ryutaro Nagaoka from SOLEIL. In both
cases we used the GdfidL code; however,
the methods of the transverse impedance
calculations were different. R. Nagaoka
applied the method, which was introduced
by G. Nassibian and F. Sacherer, in 1979
in CERN (European Organization for
Nuclear Research). Our method is the
computation of the impedances using a
quarter of the structure with appropriate
boundary conditions. After uncovering a
factor of two corrections to the method of
computing the impedance from GdfidL
using a quarter structure, we found that
our computations were in good agreement
with SOLEIL. The transverse impedance
in the low-frequency limit for the SOLEIL
BPM has a value of ImZy(w—0) = 50

- kQ/m. This result depends very strongly
on the BPM’s button geometry, due to
excitation of resonant modes.

A preliminary impedance budget including the
most important components has been
generated for a medium energy storage ring.
All data have been entered into a table, which
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can serve as a useful starting point for future -
light source projects such as NSLS-II.

SPECIFIC ACCOMPLISHMENTS:

Collective Effects for NSLS-II. A. Blednykh,
S. Krinsky, B. Podobedov, J. Rose, N. A. Towne, J. -
M. Wang. PAC 2005 — Proceedings, Knoxville,
Tennessee, USA, May 16-20.

A Model Study of Transverse Mode Coupling
Instability at NSLS-II. A.Blednykh, J.-M. Wang.
PAC 2005 — Proceedings, Knoxville, Tennessee,
USA, May 16-20.

Harmonic Cavity Performance for NSLS-IL
A. Blednykh, S.Krinsky, B.Podobedov, J.Rose,
N. A. Towne, J. -M. Wang. PAC 2005 — Proceedings,
Knoxville, Tennessee, USA, May 16-20.

Insertion Device Upgrade Plans at the NSLS.
T. Tanabe, A. Blednykh, D. A. Harder, M. Lehecka,
G. Rakowsky, J. Skaritka. PAC 2005 — Proceedings,
Knoxville, Tennessee, USA, May 16-20.

NSLS II: The Future of the NSLS. J. B. Murphy,
J. Bengtsson, R. Biscardi, A.Blednykh, G.L. Carr,
W.R. Casey, S.Chouhan, S.B.Dierker, E.Haas,
R. Heese, S.Hulbert, E.D.Johnson, C.C.Kao,
S. L. Kramer, S.Krinsky, I.P.Pinayev, S.Pjerov,
B. Podobedov, G. Rakowsky, J. Rose, T. V. Shaftan,
B. Sheehy, J. Skaritka, N. A. Towne, J. -M. Wang,
X.J. Wang, L.-H. Yu. PAC 2005 — Proceedings,
Knoxville, Tennessee, USA, May 16-20.

NSLS-II  Injection  Concept.  T.V. Shaftan,
A. Blednykh, S. Chouhan, E. D. Johnson,
S. L. Kramer, S. Krinsky, J. B. Murphy, 1. P. Pinayev,
S. Pjerov, B.Podobedov, G.Rakowsky, J.Rose,
T. Tanabe, J. -M. Wang, X. J. Wang, L.-H. Yu. PAC
2005 — Proceedings, Knoxville, Tennessee, USA,
May 16-20.

Comparison of Bethe-Hole and GdfidL Calculations
of the Horizontal Beam Impedance of a Long Slot.
NSLS-II Technical Note 0005. A. Blednykh, J. -M.
Wang.
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Layered Cobaltates with High
Thermoelectric Power

Qiang Li

PURPOSE:

04-033

We carried out a systematic study of the
fundamental thermoelectric and related
material properties of layered cobaltates
‘necessary for their effective 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 to optimize their
thermoelectric performance. The proposed
research can lead to the discovery of new
phenomena in strongly correlated electron
systems, novel functionality, and many
practical applications. This project is aligned
with the BNL Grand Challenge to understand
strongly correlated phenomena.

APPROACH:

Cobaltates (AxCoOy) 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
thermoelectric a performance challenging
that of conventional thermoelectric materials.
Though preliminary studies have shown that
cobaltates hold great promise to be the first
choice thermoelectric materials operated at
high temperature and in hazardous
environments, the synthesis and
characterization of this class of material in
various forms are largely unexplored. In
particular, the role of self-assembly in the
growth of cobaltates thin films is poorly
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understood. To address this key issue, we
focused our study on the properties and
structure of Ca3;Co40y single crystals, and
thin films grown on various single
crystalline, polycrystalline, and amorphous
substrates. A coordinated Transmission
Electron Microscope (TEM) and thermo-
electric  property characterization 1is
performed to wunderstand the growth
mechanism and the correlation between the
structures and thermoelectric properties.

TECHNICAL
RESULTS:

PROGRESS AND

A post-doctoral research associate was
hired in February 2004 to participate in this
project. In the summer of 2005, a graduate
student from the State University of New
York at Stony Brook was supported to
participate in this project. Specifically:

1) We set up the three zones furnace and
successfully grew Na,CoO, and CazCo409
single crystals, which were characterized
by x-ray diffraction and magnetometry, and
used electron correlation studies, in
collaboration with the photoemission group
of BNL.

2) A new thermoelectric and transport
characterization system was purchased
from Quantum Design with BES capital
funding. It became the main instrument for
evaluating the thermoelectric properties.

3) Thin films of Ca3CosO9 have been
successfully grown on various substrates,
including single crystalline  SrTiO;,
LaAlO;, Si, Al,Os;, polycrystalline Al,Os,
and glass, using pulsed laser deposition, in
collaboration with Dr. W. Si of Physics
Department of BNL.

4) High resolution TEM was used to
characterize  the  microstructures  of



Ca3Co40y films, in collaboration with Dr. E,
Sutter of the Center for Functional
Nanomaterials at BNL.

5) High-quality c-axis oriented Ca3Co04O9
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 Ca;Co409 films.
The Seebeck coefficient and resistivity of the
Ca3Co40y thin films on Si (100) substrate are
126 puV/K and 4.3 micro-Ohm.cm
respectively at room temperature. This is
comparable to the single crystal samples.
This advance demonstrated the possibility of
integrating the cobaltate based high thermo-
electric materials with the current state-of-

the-art silicon technology for thermo-
electricity-on-a-chip application, such as
thermochemistry-on-a-chip, biothermo-

electric chip, and active
microelectronic processors.

cooling for

6) c-axis oriented Ca3;Co409 thin films have
been grown directly on glass (fused silica)
substrate by pulsed laser deposition. Detailed
microstructure analysis showed stacking
faults abundant throughout the films.
However, the Seebeck coefficient (~ 130
uV/K) and resistivity (~ 4.3 mQecm) of these
films on a glass substrate 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 box furnace was purchased and used
exclusively for single crystal growth of
cobaltates.
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SPECIFIC ACCOMPLISHMENTS:

1) Two peer-reviewed papers published
in Applied Physics Letter. “In situ
growth of c-axis oriented Ca3;Co04O9
thin films on Si (100)” Y. Hu, et al,
Appl. Phys. Lett. 86 082103 (Feb.
2005), and “Thermoelectric properties
and microstructure of c-axis oriented
CazCo409 thin films on glass
substrates" Y. F. Hu, et al, Appl. Phys.
Lett. 87 171921 (Oct. 2005)

2) One patent application “Cobalt Oxide

Thermoelectric  Compositions and
‘Uses Thereof” Y. Hu, Q. Li, and W.
Si

3) A research collaboration was
established with GM R&D Lab on the
high performance thermoelectric
materials

4) Two invited presentations: 1)

“Layered Cobaltates with High
Thermoelectric Power” in 6th Pacific
Rim Conference on Ceramic and
Glass Technology, organized by
American, Australia, Japan, China,
Korean Ceramic Society, Maui,
Hawaii, September 11-16, 2005; 2)
“Layered Cobaltates with High
Thermoelectric Power” in Materials
Research Society 2005 Fall meeting,
Boston MA, Nov. 28 - Dec. 2, 2005

LDRD FUNDING:

FY 2004 $ 66,780
FY 2005 _ $103,160
FY 2006 (budgeted) $ 32,300



Compléx Thin Films and

Nanomaterial Properties
J. Misewich 04-038

PURPOSE:

The purpose of this program is twofold: (1)
to explore novel methods of high-quality
perovskite nanomaterial  synthesis, in
particular to study the untapped solid-state
approach to nano-oxide synthesis. (2) the
development of innovative approaches to the
high-sensitivity characterization of nano-
materials, in particular to pursue the first
simultaneous structural and spectroscopic
characterization of individual nanotubes.

APPROACH:

Many of the most interesting and extreme
examples of physical properties are
exhibited in the perovskite oxide family of
materials. For example, high-temperature
superconductivity, the highest electro-optic
coefficients, colossal magnetoresistance, and
high polarization ferroelectricity are all
demonstrated in perovskite oxide materials.
Remarkably, the exploration of this
important family of materials in nanoscale
form is largely unexplored. A problem has
been that there are only limited approaches
in synthesis. To date, the synthesis of
nanoscale oxides has been wet-chemistry
oriented and therefore subject to impurities
which has made reliable characterization
more of a challenge.

In part (1) of this project we have
undertaken an exploration of the solid-state
synthesis of perovskite oxides to explore
whether higher-quality nanostructured forms
of oxides can be attained in this important
class of materials. In part (2) of this project
we address the challenge of nanomaterial
characterization.

71

One of the problems of nanoscience lies in
the wide distribution of nanomaterial
structures usually obtained from even the
best syntheses. Carbon nanotubes are a
prime example, where even the best
dispersed samples contain hundreds of
varieties of the chiral (or wrapping) vector,
with each species having different electronic
and optical properties. Therefore, the
challenge is to develop -capabilities to
characterize both the properties and structure
of an individual nanotube or nanoparticle.
We have developed spectroscopic and
transport characterization techniques in this
project that allow the properties of an
individual nanotube to be determined. In
addition, we have explored the use of
diffraction to characterize the structure of
individual nanotubes. The successful
combination of individual nanotube
structural and spectroscopic characterization
represents a solution to a grand challenge in
nanoscience.  Collaborators here include
Stan Wong and Yimei Zhu and their groups,
and Columbia University (for spectroscopy).

TECHNICAL
RESULTS:

PROGRESS AND

In 2004, the main accomplishment was the
establishment of nanofabrication capabilities
at Brookhaven and the development of
synchrotron characterization techniques for
nanomaterials (NEXAFS). By working with
electron-beam lithography capabilities at the
Center for Functional Nanomaterials, we
developed nano-patterned structures that are
the basis for individual nanotube transport
and optical characterization. Also in 2004,
success was achieved in the solid-state.
synthesis of nanostructured forms of
perovskite oxide materials. This included
the synthesis of nanocubes of strontium
titanate and nanowires of barium titanate.
Figure 1 is a high-resolution Transmission
Electron Microscope (TEM) image of a
section of a barium titanate nanowire



showing the high degree of crystallinity and
high quality of the material.

Figure 1. Hi-resolution TEM of BaTiO3 nanorod.
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Figure 2. Left: Spectrum of an individual nanotube,
Right: Electron diffraction pattern for the same
nanotube.

The 2005 progress included the first
simultaneous structural and spectroscopic
characterization of an individual carbon
nanotube which was a major accomplish-
ment.

For the first time the spectra of different
species of carbon nanotubes were studied
individually AND directly correlated with
structure. Figure 2 left shows the optical
spectrum for an individual nanotube and
Figure 2 right shows the electron diffraction
pattern for the same nanotube, which was
used to determine uniquely the chiral vector
of the nanotube.

We also started work to characterize the
oxide nanowires shown in Figure 1. In 2005
we used nonlinear spectroscopy to show that
ensembles of the oxide nanowires remained
ferroelectric in nanoscale form. In FY 2006
we started work to characterize the nonlinear
response of an individual oxide nanowire
which is necessary to sort out ensemble
perturbations to ferroelectric properties of
nanomaterials. :

Additional work in 2006 is aimed at the
synthesis of novel nanomaterial hetero-
structures, and the extension of the property
characterization of chirally identified
individual carbon nanotubes to include
photoconductivity studies (for potential in
solar energy applications) and transport
studies.

SPECIFIC ACCOMPLISHMENTS:

Commitment for future programmatic
funding obtained from DOE (FWP MA-507-
MAAA), which was reviewed by DOE in
June 2005.

Refereed publications: Surface chemistry
and structure of purified, ozonized,
multiwalled carbon nanotubes probed by
NEXAFS and vibrational spectroscopy, S.
Banerjee, T. Hemraj-Benny, M.
Balasubramanian, D.A. Fischer, J.A.
Misewich, and S.S. Wong, Chem. Phys.
Chem., 5, 1416, 2004.



Oxidized single-walled carbon nanotubes
investigated using NEXAFS spectroscopy,
S. Banerjee, T. Hemraj-Benny, M.
Balasubramanian, D.A. Fischer, J.A.
Misewich, and S.S. Wong, Chem. Commun.
772, 2004.

Hot Carrier Electroluminescence from a
single carbon nanotube, M. Freitag, V.
Perebeinos, J. Chen, A. Stein, J.C. Tsang,
J.A. Misewich, R. Martel, and Ph. Avouris,
Nano Letters, 4, 1063 (2004).

Near-edge x-ray absorption fine structure
investigations of order in carbon nanotube
based systems, S. Banerjee, T. Hemraj-
Benny, S. Sambasivan, D.A. Fischer, J.A.
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Misewich, and S.S. Wong, J. Phys. Chem. B
109, 8489, 2005.

Optical Spectroscopy of Individual Single-
Walled Carbon Nanotubes of Defined Chiral
Structure Matthew Y. Sfeir, Tobias Beetz,
Feng Wang, Limin Huang, X.M. Henry
Huang, J. Hone, Stephen P. O’Brien, J.A.
Misewich, Tony F. Heinz, Yimei Zhu, and
Louis E. Brus, submitted to Nature.

LDRD FUNDING:

FY 2004 $ 79
FY 2005 $190,532
FY 2006 (budgeted) $307,000



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
QCD (Quantum Chromo  Dynamic)
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 a chip (QCDOC)
supercomputer as well as the availability of
the 10Tflop QCDOC machine at the
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 the
quarkonium yield from a QGP.

To address the problem of the critical
temperature and energy density finite
temperature, lattice calculations with
improved staggered fermions need to be
carried out. At the moment it is not clear
which version of the improved staggered
formulation is the most appropriate for
reaching the outlined goals.

To gain insight on the fate of different
quarkonium states in hot and dense strongly
interacting matter, the corresponding meson
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spectral functions have been calculated in
quenched lattice QCD (where the effect of
dynamical quarks is neglected) and spectral
functions have been extracted using the
Maximal Entropy Method. It is not
completely clear how reliably the spectral
function can be reconstructed from the
lattice data and to what extent the effects of
finite lattice spacing (cutoff effects) can be
controlled in those calculations.

In addition, the heavy quark potentials have
been calculated in full QCD which should
help to gain insight on the effects of
dynamical quarks on dissociation of heavy
quarkonia states at high temperatures.

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 Detailed investigation of heavy quark
potentials in full QCD for relatively
large dynamical quark masses
(F. Zantow)

e Study of QCD phase transition at finite
temperature with improved staggered

fermion formulation
(P. Petreczky, K. Petrov, C. Schmidt)

TECHNICAL
RESULTS:

PROGRESS AND

Detailed calculations of charmonia and
bottomonia  correlators and  spectral
functions at several lattices spacings have
been done. Numerical calculations have
been performed on the QCDOC
supercomputer.

The use of different lattice spacings allowed
us to estimate the importance of the cutoff



effects in quarkonia correlators at finite
temperature. The reliability of the Maximum
Entropy Method in extracting quarkonia
spectral functions has been investigated.

Calculations of meson spectral functions for
the charm quark mass confirmed earlier
results on survival of theJ /i and 7, states

in the plasma and dissolution of y, states.

In addition, it has been found that the
bottomonium y, state is strongly modified

or possibly dissolved at unexpectedly low
temperatures, 7' =1.157, (I, being the

transition temperature). We also investigated
the possibility of extracting the heavy quark
diffusion  constant from quarkonium
correlators.

A detailed calculation of heavy quark free
energy in full QCD at relatively large quark
masses (corresponding to pion masses of
about 700 MeV) on N, =4 lattices has been

performed. This allowed us to extract the
running coupling constant at finite
temperatures in full QCD for the first time,
as well as to fully isolate the entropy
contribution of the heavy quark free energy.
The screening radius in full QCD was also
estimated for the first time. This is a first
step toward a more detailed study of this
quantity in full QCD on the new QCDOC
supercomputer using smaller lattice spacing
(larger N,). This can have important

consequences for the quarkonium physics at
finite temperature in full QCD.

We have started the investigation of the
QCD phase diagram at finite temperatures
using improved staggered quarks with the
QCDOC supercomputer. We developed the
code for molecular dynamics evolution for
the so-called p4 lattice action, which largely
reduces the effects of finite lattice spacing.
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In addition, programs for the analysis of the
lattice data were developed. We have
investigated the nature of the phase
transition and the corresponding transition
temperature. To determine the nature of the
transition calculations, different volumes
have been wused. We found quite
unexpectedly that the nature of the
deconfinement transition strongly depends
on the lattice spacing even when an
improved staggered fermions formulation is
used.

The value of the transition temperature
obtained so far, on the other hand, is
compatible with earlier estimates and less
sensitive to the effects of finite lattice
spacing.

SPECIFIC ACCOMPLISHMENTS:
Publications

Static quark anti-quark interactions in zero
and finite temperature QCD I: Heavy quark
free energies, running coupling and
quarkonium binding. O. Kaczmarek and F.-
Zantow, Physical Review D71, 114510
(2005)

Static quark anti-quark interactions at zero
and finite temperature QCD II: Quark anti-
quark internal energy and entropy. O.
Kaczmarek and F. Zantow, submitted to
Physical Review

Presentations
Bottomonia  correlators and  spectral

functions at zero and finite temperature.
Petrov, K.; Jakovac, A.; Petreczky, P.; and

Velytsky, A.;  Proceedings of Science
(LAT2005) 153

Heavy quark diffusion and lattice
correlators. Petreczky, P.; Petrov, K.



Teaney, D.; and Velytsky, A. Proceedings
of Science (LAT2005) 185

Screening lengths of hot QCD. Kaczmarek,

0. and Zantow, F., Proceedings of Science
(LAT2005) 177

Static quark anti-quark free and internal
energy in 2-flavor QCD and bound states in
the QGP. Kaczmarek, O.; and Zantow, F.;
Proceedings of Science (LAT2005) 192

Charmonia correlators and charm diffusion,
Petreczky, P.; Petrov, K.; Teaney, D., and
Velytsky, A., Quark Matter 2005, Budapest,
Hungary, August 4-9, 2005
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QCD Thermodynamics with an almost
realistic quark mass spectrum, Schmidt, C.,,
PANIC 2005, Particles and Nuclei
International Conference, Santa Fe, New
Mexico, October 24-28, 2005

LDRD FUNDING:
FY 2004 $ 69,272
FY 2005 $109,751
FY 2006 (budgeted)

$ 37,000



Very Long Baseline Neutrino
Oscillations Experiment
Milind V. Diwan

04-043

PURPOSE:

We studied in detail the physics capabilities
of a very long baseline neutrino oscillation
experiment based at BNL. Preliminary
engineering designs and costs were also
studied. We 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(2623) in v, disappearance mode,
detection of Vy—>V  appearance,
sensitivity to sin®(20;3), measurement of
Am?%; and sin2(2612) In appearance mode
(independent on the value of 0;3),
verification of matter enhancement and
determination of the sign of Am’sy,
determination of the CP-violation parameter
dcp in the neutrino sector, and confirmation
of CP violation by dedicated anti-v running.
We examined the detector design to reach
the required resolution and background
capability. We have also optimized the
neutrino beam spectrum and the length of
the baseline to reach these goals. The needs
of a near and far detector have been
examined and a scheme to optimize the
running time based on current and possible
future physics understanding developed.

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. In addition,
the large underground detector will be the
most important facility for the study of
proton decay, and atmospheric, solar and
supernova neutrino physics.  This bold
program of experiments will put BNL and
the United States in a leading position in the
field of neutrino physics.

Our study is in three parts: 1) The spectrum
and intensity of neutrinos from the BNL
AGS accelerator. The beam-related work is
in collaboration with Bill Weng and others
in the Collider-Accelerator Department
(CAD). It includes simulations of various
geometries for producing the neutrino beam.
2) The strategy for running the beam and
obtaining the best possible physics results:
The beam spectrum, the length of the
baseline, and the capabilities of the detector
are coupled in a complex way. We now
understand the requirements on each so that
the goals of the project can be realized, in
particular the goal of measuring the CP-
violation parameter. This work is carried
out by both theoretical analysis (with help
from Bill Marciano) and parametric
simulations that attempt to approximate the
detector response. 3) Simulation of detector
response and detector design: Ultimately,
we will need a detailed design of a large
detector with mass greater than 100 kT.
Brett Viren has worked with colleagues from
Stony Brook University (SBU) to create a
simulation  program while  Chiaki
Yanagisawa, a collaborator from SBU, has
used existing simulations of water
Cherenkov detectors to understand the
performance of such a detector.

TECHNICAL
RESULTS:

PROGRESS AND

We started by reviving software that
required many changes to make these
programs suitable for the current study. We
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designed a new geometry for the target and
horn systems to accommodate a new, longer
graphite target and to produce a more
energetic beam. The spectrum that resulted
from this simulation was used for the
detector and physics work. Better
optimization and understanding of the beam
spectrum is, however, still needed.

For the physics results, initial estimates were
based on analytical calculations. @ We
performed more detailed numerical
calculations by adapting old simulation
codes. = We parameterized the detector
response using published data on water
Cherenkov detectors as well as estimates
produced by  preliminary  detector
simulations.

We determined that the most important
requirement of these detectors was the
ability to distinguish electrons from other
showering background events, in particular
neutral pion decays.

The most important accomplishment this
year was the demonstration by simulation
that the background to electron events could
be controlled in a water Cherenkov detector.
This work was carried out in collaboration
with Stony Brook and Colorado State
Universities (part of the UNO Underground
Nucleon Decay and Neutrino Observatory
Collaboration). Collaborators  Chiaki
Yanagisawa and his student, Le Phoc Trung
performed the background calculation using
a large sample of Super-Kamiokande
atmospheric neutrino Monte Carlo events re-
weighted to the BNL flux. Special software
was developed that searched for extra
particles besides the main electron shower in
a water Cherenkov event. The pattern of the
extra ring (low energy particle) was then
subjected to a likelihood criteria that
included the energy, angle, and quality of
reconstruction as inputs. An energy
dependent cut on the likelihood resulted in
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reduction of the  background by
approximately a factor of 10 while about 0.5
of the electron signal was lost. The final
performance yields a neutral current
background that is roughly the same in
magnitude as the irreducible beam electron
neutrino background.

We need to develop reconstruction software
(independent of the Superkamiokande
software), the UNO Monte Carlo program
and associated software framework. The
UNO collaboration has chosen to focus on
the problem of electron appearance
background, and has formed a group
dedicated to using UNO as a far detector for
the BNL VLBL (Very Long Baseline). This
group includes Brett Viren. Work on a
vertex fitter, the initial step of the
reconstruction chain, has finished and has
shown that the UNO software framework is
maturing. For the time being, many of the
reconstruction steps, including vertex fitting,
can and will be "faked" by smearing Monte
Carlo truth information with very well
known reconstruction resolutions.  This
allows the effort to be focused on pushing
the state of the art in water Cherenkov
reconstruction. Such improvements will be
needed to assure that electron appearance
background rejection levels can be achieved.
This work is very computationally intensive,
but is necessary for reducing the
backgrounds.

SPECIFIC ACCOMPLISHMENTS:

The AGS Based Super Neutrino Beam
Facility BNL-73210-2004-IR is a conceptual
design and a cost estimate for the 1 MW
upgrade of the AGS accelerator complex and
a super neutrino beam.



Publications

Very long baseline neutrino oscillation
experiments for precise measurements of
mixing parameters and CP violating effects,
M. V. Diwan, et al., Physical Review D 68,
012002 (2003).

Conference Proceedings

THE CASE FOR A SUPER NEUTRINO
BEAM, Talk given at Heavy Quarks and
Leptons 2004, San Juan, Puerto Rico, June 1
- June 5, 2004. hep-ex/0407047

Very Long Baseline Neutrino Oscillations,
The BNL VLBNO concept, B. Viren,
Proceedings of NuFact05, 7% International
Workshop on Neutrino Factories and
Superbeams, Frascati, June 21-26, 2005.
hep-ex/0510018.

Spectrum from the proposed BNL very long
baseline neutrino facility, S. A. Kahn and M.
V. Diwan, Proceedings of 2005 Particle
Accelerator Conference. Knoxville, TN,
May 16-20, 2005.
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Laboratory reports

THE AGS BASED SUPER NEUTRINO
BEAM  FACILITY  (CONCEPTUAL
DESIGN REPORT), W. T. Weng et al.,
BNL-73210-2004-IR, Oct. 1, 2004. 206 pp.

Proposals granted

SBIR, Very Large High Gain APDs for
Particle Physics, Phase II, FY2005-FY2006,
PI: Mike Sivertz, April 2004, DOE high
energy physics, 2 yr duration.

LDRD 06-004, Detector Development for
Very Long Baseline Neutrino Experiment,
Grant of $111k for FY2006.

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.)

LDRD FUNDING:

FY 2004 $ 71,099
FY 2005 $106,166
FY 2006 (budgeted) $ 36,000



Advanced 3He Detectors for
the Spallation Neutron Source

Graham C. Smith 04-046
Bo Yu

PURPOSE:

Instruments presently under construction for
first operation of the Spallation Neutron
Source (SNS) will, in general, require
eventual upgrades to exploit fully the
expected flux and capabilities of the new
facility. The technical goal of this LDRD
project is to investigate an innovative
readout method for °He-based neutron
detectors that possesses extremely high rate
capability and accurate position
determination in two-dimensions and with
large solid-angle coverage. Small angle
neutron scattering (SANS), in particular, is
one several fields that will benefit.

APPROACH:

The highest counting rate of presently
available *He detectors for SANS is limited
to <5x10°n s on a 1x1 m? area. The SNS
foresees rate requirements of 10 s, and a
promising new technical approach i1s a
detector that operates in ionization mode,
with discrete pixels, or pads, read-out in
parallel.  This approach has potential
benefits over *He detectors operating with
some level of gas gain, particularly with
respect to space-charge saturation, long-term
stable performance, and electronic pulse
pile-up. The innovative nature of this
method includes operation in pulse mode
with a gas gain of unity, a high density of
readout pads, and inclusion of much of the
microelectronics inside the detector gas
volume. The latter feature, never before
attempted, is important in this approach to
ensure that channel capacitance is small
enough for accurate analysis of the primary

80

" Figure 1.

electrons from neutron conversion. The
payoff, however, is enormous: a range of
geometries will be easily achievable, long-
term stability would be much more likely
than with existing approaches, and rate and
resolution will satisfy the demanding
requirements of several SNS instruments.

Collaborators are G. DeGeronimo and N.
Schaknowski (BNL).

TECHNICAL
RESULTS:

PROGRESS AND

Using stainless-steel vacuum flanges and
spacers as the gas containment vessel, a test
cell comprising a 40 mm deep, parallel plate,
ionization chamber has been fabricated.
This is shown in figure 1. The window,

removed for the picture, represents the
negatively biased cathode, a field cage
defines the uniform electric field in the
40 mm drift depth, and an array of thirteen
pads on the anode plane are connected,
through a hermetic feed-through on the rear

Picture of test cell for evaluation of
ionization mode operation in two-dimensions. The
stainless steel window is removed to show the field
cage, at the bottom of which is a thirteen pad anode
plane (inset shows numbering of middle seven pads).
Total gas depth is 40mm.



flange, to preamplifiers, shaping amplifiers,
and multiplexed to a pc-based ADC card.
The cell is filled with 3 bar of *He and
varying pressures of propane. The latter
determines the range of the proton and triton
created after neutron interaction with *He.
Typically a mm or so, the range of these
particles determines the degree of charge
sharing between pads, a key element to
quantify for a full-fledged instrument, and a
primary goal of this project. Figure 2

Central Pad Spectra
normaiized peak position and iotal count

Count

Energy {a.u.]

Figure 2. Pulse height distributions from central
pad (#0), under uniform irradiation with thermal
neutrons, at three different pressures of propane.

illustrates the pulse height spectrum from
the central pad (#0 in figure 1) for three
different propane pressures: at 1.5 bar, the
thermal neutron peak around Ch 400,
corresponding to events in which the full
charge of about 30,000 electrons is collected
by a single pad, dominates the spectrum,
with few events, in the lower signal
amplitude plateau, that share their charge
among two or more pads. At 0.5 bar, the
reverse occurs, i.e. most events occur in the
low amplitude plateau, with very few in
which all charge is collected by a single pad.
This behavior is demonstrated in Figure 3,
which shows pulse height correlation plots,
for 0.5 bar propane, for a) events shared
between two adjacent pads (#0 and #1) and
b) events where the primary ionization
extends to non-neighbor pads (#2 and #5).
Since our goal is limit charge collection to
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Figure 3. Correlation plots of pulse heights from
a) pads #0 and #1 (adjacent pads), and b) pad #2
and #5 (next closest pair of pads), for a propane
pressure of 0.5 bar.

only one, two or three adjacent pads, we
require zero events of the type in figure 3(b).
This occurs around a pressure of 1 bar
propane, which we have established is about
the optimum condition. Thus, provided the
threshold level in each channel is placed at
about channel 100 (figure 2) to inhibit
triggers from electron induced signals on
non-electron collecting pads, we have
established conclusively the validity of the
original concept proposed for this LDRD.
The remainder of the project will focus on
reading out all pads of the prototype to
quantify position linearity, and operation
with electronics inside the gas volume.

The results from this LDRD project are
critical to future DOE BES support, and
have helped place BNL's Instrumentation
Division in a key role for SNS neutron
detector development.

SPECIFIC ACCOMPLISHMENTS:

A contributed talk, "Two-dimensional He3
Detectors with Pad Readout for High Rates"
was presented at the IEEE Nuclear Science
Symposium in Puerto Rico, October 2005 and
is being prepared for submission as a peer-
reviewed article to Transactions on Nuclear
Science.

LDRD FUNDING:

FY 2004 $ 72,953
FY 2005 $109,650
FY 2006 (budgeted) $ 37,400



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
genetic  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 cryoEM
by identifying subunits and enabling their
orientation and analysis. Currently,
complexes < 500 kDa are not generally
solvable by cryoEM 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
a 10 A resolution, which would be a
significant advance for biology.

The four genetically engineered sequences
investigated 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. CryoEM 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 cryoEM.
Preliminary results from this LDRD would
provide convincing evidence for follow-on
funding. It would also help establish BNL
as a unique cryoEM center of excellence,
especially since label development 1is
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:

The three genetically engineered sequences
investigated 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
to 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.



This work will be applied to two important
molecular machine complexes required for
life: Ku70/Ku80/DNA-PK complex, and the
human ligase IV/Xrcc4 complex. CryoEM
single particle data will be collected in ice
and computer reconstructions done to find
the three-dimensional structures.

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
(His) tag and for a control, without the His
tag, by substituting the Flag tag.
Purification of these proteins is also
underway, and various columns and buffer
conditions 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, ACFl1 and the complete ACF
complex have now been worked out to
reasonable satisfaction. ISWI has been
expressed now with a Genome Sequence
Tag (GST). Additional genetic tags have
now been designed and are being expressed:
the Arg tag, Cysteine tag, and streptavidin
tag.

Gold particle synthesis: 1.8 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
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proteins without the His tag, even though
there was more binding to those with the His
tag. Methods to eliminate this “non-
specific” binding are being 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. A gold
cluster with glutathione attached was
synthesized to bind to GST-tagged proteins.
We are still trying to overcome some
background binding with this approach.
Larger gold nanoparticles (3-5 nm) were
synthesized and functionalized since they
are more visible by electron microscopy.
Initial positive results of specific binding to
His-tagged proteins was obtained.

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 visualiza-
tion was successful and about 7,000
particles obtained and are being processed to
find the three-dimensional structure of this
important protein which has never been
solved. We will then label the various
subunits with gold to identify their position
and the architecture of the complex.



SPECIFIC ACCOMPLISHMENTS:

Follow-On Funding:

High Resolution Gold Labels for EM, J. F.
Hainfeld (PI), NIH, 9/30/03 - 8/31/08,
$2,400,000 for 5 years. The gold will play a
large part in this initiative.

Develop a Hybrid Electron Cryo-
Tomography Scheme for High Throughput
Protein Mapping in Whole Bacteria, H. Li
and J. Hainfeld (co-PIs), DOE, KP1102010,
BO-122, $1,700,000 for FY 2005-2007.

FY 2005 Publication:

5 nm gold-Ni-NTA binds His tags. Reddy,
V.; Lymar, E.; Hu, M.; and Hainfeld, J. F.
Microsc. Microanal. 11 (Suppl. 2), 1118-
1119 (2005).

LDRD FUNDING:

FY 2005 $114,424
FY 2006 (budgeted) $ 99,000
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The Use of Singular Point

Genome Sequence Tags to
Analyze Community Composi-
tion 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:

Figure 1: Schematic representation of the SP-GST
approach on a conserved gene domain. Only one

Recognition site for anchoring enzyme '
Gene X

o 2y,

Conserved domains
Primers

Gene Y

e —

1 2
- ->
« Digest with anchoring enzyme
+ Ligate Mmel linker cassette to ends
- Linear amplification with 5’ biotinylated domain specific primer ()

- Exponential amplification with Mmel cassette and domain specific primers

« Solid phase capture and release of tags ( p») adjacent to proximal sites for the
anchoring enzyme

conserved region per gene of interest is required to
generate genome signature tags. Tags (D) 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 are indicated in the figure. Numbers (1-3)
indicate three different conserved regions located in genes
Xand 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:

e 16S rRNA gene present in all prokaryotes.

e 16S rRNA copy number will define number

of distinct GSTs per species.
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e Database available with
rRNA gene entries.

e Tag frequencies will reflect community
composition.

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

>100,000 16S

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.

TECHNICAL PROGRESS AND RESULTS:

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.

16S rRNA based GST tags obtained from a
“simple” microbial community. A microbial
community containing 4 species was used to
validate the SP-GST concept and to compare it
with classical molecular ecological techniques.
The members of this community were
Deinococcus radiodurans R1, whose genome



has been sequenced, Bacillus licheniformis B-6-
4], whose close relative ATCC 14580 was
sequenced, Pseudomonas stutzeri strains Stanier
221 and BRWI, and Arthrobacter globiformis
DSM 20124. Csp6l was chosen as the
fragmenting enzyme.

Sequence analysis of the resulting library of
concatenated tags demonstrated that we were
successful in obtaining 16S-linked tags from all
species. We accurately found the two tags
adjacent to the Csp6l sites upstream of D.
radiodurans’ three 16S rRNA genes: GST-DR1,
which is present in both sections 8 and 213 of
the complete chromosome 1 sequence, and
GST-DR2 from section 198 of the chromosome
1 sequence. These two D. radiodurans tags
were present in a ratio of approximately 2:1,
demonstrating that tag frequency can provide
quantitative information concerning the relative
abundance of the target sequence from which
they were derived.

As was the case for the D. radiodurans R1 tags,
tag frequencies for B. licheniformis B-6-4]
reflected the relative abundances of the target
sequences from which they were derived. Q-
PCR showed that GST-BL3, GST-BL4 and
GST-BL5 were present once in the B.
licheniformis B-6-4] genome, while GST-BLI
and GST-BL2 were observed twice as
frequently. This indicates that the B.
licheniformis B-6-4] genome contains, like
strain ATCC14580, 7 copies of its 16S rDNA.
These tag frequencies were compared to that of
the fully sequenced genome of B. licheniformis
ATCC 14580 (Genbank Accession N°
AE017333) and proved that these two species
had four tags in common although their
frequencies differed between strains. Three
copies of GST-BL2, two copies of GST-BL3,
one copy of both GST-BL4 and GST-BLS5 were
identified in B. licheniformis ATCC 14580,
while GST-BL1 turned out to be a tag unique to
B. licheniformis B-6-4].
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Tag frequencies for P. stutzeri also reflected the
relative abundances of the target sequences from
which they were derived. Q-PCR showed that
GST-PS2, GST-PS3 and GST-PS4 were present
once in the P. stutzeri genome, whilst GST-PS1
was observed twice as frequently. These data
were consistent for both P. stutzeri Stanier 221
and BRW1 and indicate that both P. stutzeri
strains contain five copies of the 16S rDNAs,
one more than previously found for this species.
SP-GST tag distributions in A. globiformis
suggested that this species has 3 copies of a 16S
rRNA gene with 2 copies of GST-AGI1 and a
single copy of GST-AG2. Tags for A
globiformis DSM 20124 may possibly have
been harder to obtain due to this species high
genomic GC content. Due to the small number
of tags recovered from this species, SP-GST
was specifically carried out on 4. globiformis
DNA to determine if these results were accurate.
Two additional tags were discovered belonging
to this species which were linked to two
additional copies of the 16S rRNA gene. Q-PCR
on A. globiformis DSM 20124 confirmed that
GST-AG1 was present twice as frequently on
the genome as GST-AG2. Q-PCR further
suggested that A. globiformis DSM 20124 has a
total of 15 copies of its 16S rDNA, 8 of which
were linked to GST-AG1, 4 to GST-AG2, 2 to
GST-AG3 and 1 to GST-AG4.

SPECIFIC ACCOMPLISHMENTS:

The SP-GST concept on the 16S rRNA gene
was part of a patent application entitled
“Genome Signature Tags.”

The GST technology will also be applied in the
following DOE funded project: Composition of
Microbial Communities Used for In Situ
Radionuclide Immobilization: Natural Gene
Transfer to Develop Resistance to Metal
Toxicity. J. Fitts and D. van der Lelie (PIs),
NABIR - DOE/BER, $900,000, FY 2005-2007.



Publications:

The application and molecular tools to follow
up bioremediation. Geets, J.; Vangronsveld, J.;
Diels, L.; and van der Lelie, D. J. Soil
Sediments 3, 251 (2003).

Molecular monitoring of SRB community
structure and dynamics in batch experiments to
examine the applicability of in situ precipitation
of heavy metals for groundwater remediation.
Geets, J.; Borremans, B.; Vangronsveld, J.;
Diels, L.; and van der Lelie, D. J. Soil
Sediments 5, 149-163 (2005).

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
Gonzélez, B. J. Appl. Microbiol. (in press).

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, I.; Diels, L; and
van der Lelie, D. Environ. Sci. & Pollut. Res.
(in press).

Single point genome signature tagging
(SP-GST), a general simplified tagging method
for microbial genome surveys.
van der Lelie, D.; McCorkle, S.; Lesaulnier, C.;
Geets, J.; Taghavi, S.; and Dunn, J. Appl.
Environ. Microbiol. (under revision).

LDRD FUNDING:
FY 2005 $185,509
FY 2006 (budgeted) $ 63,000
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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 is 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 is 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 wusing scintillators and
photomultipliers to give quantum detection
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efficiency. Large-angle and small-angle
scattering detectors give dark-field images
proportional to the mass of atoms in the path
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
discarded. 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
manifestation fabricated in the
Instrumentation Division had a serious



defect. The second attempt was not perfect,
but appears adequate to demonstrate the
utility of the approach. Testing on STEM
revealed a problem with the electronics,
which is being corrected by the
Instrumentation Division. This prototype
will play a key role in future applications 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
RESULTS:

PROGRESS  AND

To aid in this project, we recruited a
postdoc, Xiadong Tao. His tasks were to
critique previous work in this area, work on
reconstruction algorithms, and aid in data
analysis.  Unfortunately, he left for a
permanent position elsewhere in July 2005.
Steve Volkov, a postdoc 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.

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.

Tao repeated work by Cowley, adapting and
revising a standard algorithm. However,
simulation shows this method doesn’t work
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for “unknown” crystals and amorphous
materials.

Tao found that the idea of oversampling
could be used to solve the reconstruction
problem for “in-line” holography for STEM.

John Rodenburg’s early research suggested
that the complex potential (projection) of
any object could be retrieved from collecting
and analyzing a series of CBED patterns.
This technique is called “Ptychography.”
Tao wrote a program to test this idea.

Tao also proposed to use the new
Complementary Metal Oxide Semiconductor
(CMOS) detector to characterize magnetic
materials. This method will be an extension
of the Differential Phase Contrast
Technique. Through measuring and
mapping the shift of the central beam (or
one reflection) through using the new
CMOS detector, we can map the magnetic
field in one magnetic structure. Quantitative
comparison can be made between this
method, other standard techniques and
holography.

In the remainder of the LDRD we expect to
test the version 2 STEM CBED detector in
STEM1 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:

Microscopy Society of America Meeting,
Honolulu, Hawaii, Aug. 2-5, 2005



“Coherent Scattering in the STEM,” J. S.
Wall (poster)

“Direct Detectors of Electrons for STEM
and TEM,” P. Rehak, J. S. Wall, Y. Zhu
(platform)

“An Altemnative Explanation for Diffractive
Imaging Technique,” X. Tao, J. S. Wall, Y.
Zhu (poster)
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“Using Iteration Algorithm to Solve the
Twin Image Problem for Shadow Imaging,”
X. Tao, J. S. Wall, Y. Zhu (poster)

LDRD FUNDING:

FY 2004 $ 98,945
FY 2005 $149,814
FY 2006 (budgeted) $ 51,000



Functional MRI Studies in

Rats Using Implanted Brain
Electrodes

Andrew 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 been using it to
address specific issues that remain
unresolved in the neurobiology field. For
example, a question we are -currently
investigating 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 a successful completion
of this project in terms of the BNL
institutional strategy will be the develop-
ment 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 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
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stimulation, such as pain signals or olfactory
signals, in the anesthetized animal.

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 been
using 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 to date have 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 have been using 8p_
fluorodeoxyglucose (FDG) and ex vivo
autoradiography to verify activation of the
brain tissue by electrical stimulation via the
implanted electrode.

Since this is a new approach to producing
brain activation for rodent MRI studies,
there are significant technical obstacles and
risks inherent in the project. Amongst these
are the potential susceptibility artifact
created by the electrode on the region of the
brain being imaged and the possibility of an
effect of the passage of current through the
electrode in degrading the MRI signal.

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

TECHNICAL PROGRESS:

Over the past year we made progress on a
primary goal of the project, which was the
development of an electrode suitable for
electrically stimulating the brain whilst the
animal is in the magnet. Our specific



progress (and difficulties encountered) is as
follows:

Required changes to the electrode design.
Development of an electrode that can both
pass sufficient current to activate the
surrounding brain tissue and have a
sufficiently low susceptibility artifact not to
affect the image quality in the MRI has been
the major part of our efforts to date on this
project. Our initial electrode design,
developed in FY 2004 as part of this LDRD,
consisted of a central carbon fiber
surrounded by a thin walled polyamide tube
for insulation. However, in studies on
phantoms conducted earlier this year, it
became apparent that this electrode would
not be suitable for the fMRI studies without
modification. Thus, although the electrode
showed a low susceptibility artifact and
good passage of current, a totally new and
unexpected problem encountered was that
the tip of the electrode appeared to be
moving in the magnetic field. This is
presumably a result of the force generated
by the current pulses passing though it
interacting with the strong static magnetic
field of the magnet. Although this
movement was small any movement of the
electrode in the brain is undesirable since it
may cause hemorrhaging and injury to the
surrounding tissue.

New electrode design: To solve the problem
of bending the electrode whilst in the MRI,
we have constructed and tested a wide
variety of new electrode designs. The
design we have found most suitable
continues to employ a central carbon fiber
surrounded by thin-walled polyamide
tubing. However, in order to provide
increased structural strength to the electrode
but without introducing an increased
susceptibility artifact, the carbon fiber is
coated with a viscous protein solution as it s
threaded though the polyamide tubing. The
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protein is then cross-linked using a chemical
fixative to make it rigid. Our tests so far
indicate that this electrode has the required

properties  for  conducting electrical
stimulation of the brain in the MRI.
Electrical stimulation parameters: In

parallel with the construction of new
electrode designs, we have conducted trials
on the ability of the electrodes to activate the
surrounding brain tissue. We have
conducted these trials using FDG to measure
brain activation due to the limited
availability of time on the MRI itself and
due to the fact that FDG is readily available
via the PET program at BNL. However,
although initially intended as a way to test
our electrodes and stimulation parameters,
these experiments have proved to be of
value in their own right by producing a map
of brain activation following stimulation
with the implanted electrodes that can be
compared to the fMRI signal.

Objectives for FY2006: Employ the new
electrode design to obtain electrical
stimulation in the brain without potential
tissue damage resulting from movement of
the electrode.

This project involves animal vertebrates
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.

LDRD FUNDING:

FY 2004 $ 78,466
FY 2005 $119,912
FY 2006 (budgeted) $ 41,000



Optimizing Functional
Neuroimaging Techniques to
Study Brain Function in Health
and Disease States

Rita Z. 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 (performed in fewer than
five centers around the world) to BNL for
development as a high-resolution
spatiotemporal functional neuroimaging for
the assessment of cognitive-beahvioral (e.g.,
sustained  attention, working memory,
inhibitory control) and emotional (e.g.,
salience/reward attribution) brain functions in
addiction and other medical science research.
Our goal is to further the central role of the
Brookhaven  Center  for  Translational
Neuroimaging as a  multidisciplinary
international center for neuroscience research
and education.

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
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short gradient and radio frequency bursts
during functional scanning.

Bonmassar et al. (NMR Center at
Massachusetts General Hospital) recorded
sensory ERPs using interleaved EEG and
fMRI techniques. Although ERP amplitudes
are much smaller than the raw EEG, 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 - which included
extended discussions, site visits to the fMRI
centers at Yale University and Massachussets
General Hospital and an invited presentation
by Giorgio Bonmasser here at BNL - a leading
commercial ERP system from NeuroScan was
ultimately selected. Modifications of the
existing research protocol (#328) to
incorporate ERP testing were completed and
have been approved by the BNL IRB.

Since the last progress report, the NeuroScan
system has been installed for independent use
outside the fMRI environment to begin
operator training and for the development of
cognitive tasks that will be used during
simultaneous fMRI/ERP recordings. Indeed,
novel task development has been initiated and
in a short time has produced 3 new tasks: the
drug Stroop, threat Stroop, and the
punishment Stroop. Further, ERP data was
collected for 16 cocaine-addicted subjects (of
the planned 20) and 5 healthy controls. We
have also participated in preparing an ROl
grant together with Giorgio Bonmassar, a
simultaneous ERP-fMRI expert at MGH, and
pending final system modifications, we are
about to purchase Dr. Bonmassar’s unique
system. Specifically, we are interested in
taking advantage of the open software source
written mostly in high-level language
(Labview) and the open hardware schematics
by customizing the system to our internal
needs.

We are further very excited about the fact that
the current development of the MRI-
compatible EEG system will enable us to use
the planned 128 Channel System for even
higher resolution EEG recordings. This future
system will include a 128 Channel InkCap
that will allow for safe EEG/MRI recordings
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at this highest spatio-temporal resolution. We
think these current and future systems will
become leaders in the cognitive neuroscience
market, as currently other available systems
have not proved sufficiently reliable for our
research purposes.

By using this advanced system, we anticipate
becoming one of the leading sites around the
world to apply simultaneous EEG-fMRI
recordings to clinical research. 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 learning 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:

Presented in a symposium on “Inhibitory Control in
fMRI Studies: Application of Basic Cognitive-
Behavioral Research to  the Study of
Psychopathology;” Organization for Human Brain
Mapping 2005, Toronto, Canada.

Invited talk for a NIDA/APA-sponsored symposium
for the APA Annual Meeting in Washington DC on
"Neurobiological Aspects of Drug Addiction:
Implications for Treatment" (8/05).

Other invited talks: 12/04 “Imaging the Addicted
Human Brain,” in the International Conference on
Counseling and Treating People of Color, Bermuda;
12/04  “Neuropsychoimaging: applying neuro-
psychological tools to imaging cocaine addiction and
aggression,” The Jospeh Sagol Neuroscience Center,




Sheba Health Center, Ramat Gan, Israel; 04/05 “The
emotional reward-related mechanisms that bias
behavioral control in cocaine addiction,” Department
of Psychology, New York University, Memory and
Brain series, Cognitive Neuroscience Journal Club;
05/05 “Functional Neuroimaging of Human Cocaine
Addiction,” the fifth Italian Society on Addiction
conference, on "Addiction in Medicine and Society,"
Bari, Italy; 12/05 “The prefrontal cortex in the I-
RISA syndrome of drug addiction,” Dept. of
Psychology, Beer Sheva University, Emotion
symposium.

09/05 As collaborator, PI is part of a funded RO1
from NIDA, D. Samaras of Stony Brook PI, for
applying novel machine learning techniques to
analyze multimodal data sets. An additional RO1 with
G. Bonmassar as PI, was recently submitted for
concurrent EEG and fMRI studies of human brain
activity.

Publications

e Goldstein, R.Z.; Leskovjan, A.C.; Hoff, A.L;
Hitzemann, R.; Bashan, F.; Khalsa, S.S.; Wang, G.-
J.; Fowler, 1.S.; Volkow, N.D. (2004). Severity of
neuro-psychological impairment in drug addiction:
association with metabolism in the brain reward
circuit. Neuropsychologia, 42, 1447-1458. The 5"
most heavily downloaded articles from the
Jjournal, 7/05.

e Goldstein, R.Z.; Alia-Klein, N.; Leskovjan, A.C,;
Fowler, J.S.; Wang, G.-J.; Gur, R.C.; Hitzemann,
R.; Volkow, N.D. (2005). Anger and depression in
cocaine  addiction:  association  with  the
orbitofrontal cortex. Psychiatry Res:
Neuroimaging, 138, 13-22.

e Alia-Klein, N.; O’Rourke, T.; Goldstein, R.Z ;
Malaspina, D. Insight into illness and adherence to
psychotropic medications predict violence severity
in a forensic sample. Aggressive Behavior,
accepted.

REFEREED FULL-LENGTH PROCEEDINGS

e Zhang, L.; Samaras, D.; Volkow, N.D.; Goldstein,
R.Z. Machine Learning for Clinical Diagnosis from
Functional Magnetic Resonance Imaging (#169). In
IEEE Proc. of_ Computer Vision and Pattern
Recognition, I:1211-1217, 2005.

e Zhang, L.; Samaras, D.; Tomasi, D.; Alia-Klein,
N.; Cottone, L.A.; Leskovjan, L.C.; Volkow, N.D;
Goldstein, R.Z. Exploiting Temporal Information
in Functional Magnetic Resonance Imaging Brain
Data. Medical Image Computing and Computer
Assisted Intervention, accepted.

e Zhang, L.; Samaras, D.; Alia-Klein, N.; Volkow,
N.D.; Goldstein, R.Z. Modeling Neuronal
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Interactivity using Dynamic Bayesian Networks.

Neural Information Processing Systems
Conference, accepted.

SUBMITTED MANUSCRIPTS

e Goldstein, R.Z.; Tomasi, D.; Cottone, L.A.; Zhang,
L.; Leskovjan, A.L.; Alia-Klein, N.; Telang, F;
Caparelli, E.C.; Chang, L.; Ernst, T.; Samaras, D.;
Squires, N.K.; and Volkow, N.D. Loss of
sensitivity to relative value of money in cocaine
abusers is associated with disrupted activity in
lateral orbitofrontal cortex. Neurolmage, under
review after revision.

e Goldstein, R.Z.; Alia-Klein, N.; Tomasi, D,
Cottone, L.A.; Zhang, L.; Maloney, T.; Telang, F.;
Caparelli, E.C.; and Volkow, N.D. Decreased
prefrontal cortical sensitivity to monetary reward in
cocaine addiction is associated with impaired
motivation and self-control. American Journal of
Psychiatry, final decision pending.

e Volkow, N.D.; Wang, G.-J.; Begleiter, H.; Porjesz,
B.; Fowler, J.S.; Telang, F.; Ma, Y.; Wong, C.;
Logan, J.; Goldstein, R.Z.; Thanos, P.K.; Alexoff,
D. High Dopamine D2 Receptors in Unaffected
Members of Alcoholic Families: Possible
Protective Factors. Archives of General Psychiatry,
under review.

e Alia-Klein, N.; Goldstein, R.Z.; Tomasi, D,
Zhang, L.; Telang, F.; Wang, G.-J.; Fowler, J.S ;
Volkow, N.D." Role of the orbitofrontal cortex in
valence attribution to “No!” and emotional control.
Neurolmage, submitted.

e Tomasi, D.; Goldstein, R.Z.; Telang, F.; Maloney,
T.; Caparelli, E.C.; Volkow, N.D. Cocaine abusers
have abnormal brain response during working
memory tasks. PNAS, submitted.

e Goldstein, R.Z.; Tomasi, D.; Rajaram, S.; Cottone,
L.A.; Zhang, L.; Maloney, T.; Telang, F.; Alia-
Klein, N.; and Volkow, N.D. Role of the anterior
cingulate in negative valence attribution and
accuracy on a drug Stroop in crack/cocaine
addiction. Journal of Neuroscience, submitted.

BOOK CHAPTERS

o Goldstein, R.Z.; Alia-Klein, N.; Cottone, L.A.;
Volkow, N.D. (2005). Addiction and the
Orbitofrontal Cortex. In D Zald & S Rauch (Eds.),
The Orbitofrontal Cortex. Oxford University Press,
in press.

e Volkow, N.D.; Wang, G.-J.; Fowler, J.S,;
Goldstein, R.Z. Imaging the Addicted Brain. In:
The Cellular Biology of Addiction. Cold Spring
Harbor Press. in press.



CONFERENCE ORAL PRESENTATIONS

e Goldstein, R.Z. “The Lateral Orbitofrontal Cortex
and Inhibitory Control in Cocaine Addiction.”
Human Brain Mapping 2005, Toronto, Canada,
June 2005.

e J. S. Fowler, N. Klein, A. Kriplani, J. Logan, I. W.
Craig, F. Telang, R. Goldstein, N. D. Volkow, G.-
J. Wang. Brain MAO A Activity and MAO A
Genotype in Healthy Male Subjects. Society of
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Technological Development
of a Fluorescence Probe for
Optical Detection of Brain
Functional Activation in vivo

Con Du 04-066
H. Benveniste

PURPOSE:

The objective of this project is to develop an
optical probe that concurrently tracks blood
volume, tissue oxygenation, and intracellular
calcium changes in the rodent brain in vivo.
The new optical probe will provide new
modalities for future brain functional studies
by measuring calcium transients from a
brain surface, and will compliment other
strategic and planned ‘Life and Physical
Science interface’ initiatives in drug
addiction and developmental research at
BNL.

APPROACH:

Based on our previous success with calcium
fluorescence studies in the whole perfused
heart using the calcium indicator Rhod2, we
further integrated multi-instrumentation
functions  including blood  volume;
oxygenation and intracellular calcium into a
single system. Besides the implementation
of the system design, we still need to
characterize its systematical sensitivity
because the signal gets distorted while the
photons propagate through the highly
scattering biological tissue. This is due to
the complexity of tissue absorption,
scattering and physiological interferences
caused by the variation in blood volume and
oxygenation of the tissue. Such interferences
impose obstacles to detection of calcium
transients at the cellular level (i.e., Ca2+i)
because they interfere with signal-to-noise
ratios and sensitivity of the calcium

indicator binding properties to calcium.
Therefore, one of the aims in this LDRD
project is to examine the detection
sensitivity threshold by means of phantoms
and animal studies. The animal studies are
most important in order to demonstrate
instrumental feasibility.

Milestones for FY2005 were 1) examining
the systematic sensitivity of detecting brain
activity by measuring the changes in blood
volume, oxygenation and intracellular
calcium in the living animal; 2)
characterizing the intracellular localization
of the calcium signal when labeling calcium
by the indicator Rhod2; 3) experimentally
analyzing the influence of drugs (e.g,
cocaine) on brain function using this new
ODF probe.

TECHNICAL PROGRESS AND
RESULTS:

In vivo animal studies to examine the system
sensitivity —and  validate  instrumental
feasibility of detecting the three parameters
simultaneously. The transient ischemia
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Fig. 1.: Experimental results of the changes in A) Blood volume;
B) Cerebral Oxygenation; and C) Ca**-dependent fluorescence of
Rhod,; obtained from the brain cortex of rat of during ischemia
and reperfusion. Values are mean = s.d. a).Left plots are from rat
Group 1( n=8), i.e., without Ca”" blocker pretreatment before
ischemia; and b).Right plots are Group 2 (n=4) with the Ca®*
blocker pretreatment before ischemia induction.
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animal model was suggested by Dr. H.
Benveniste to provide predictable and
simultaneous changes in cerebral blood
volume, oxygenation, as well as elevation of
intracellular calcium to validate the
techniques proposed. Fig. la (left graphs,
Group 1) summarizes the ischemia-induced
mean changes (n=8) in blood volume,
cerebral oxygenation and Rhod2-Ca®’
fluorescence as a function of time obtained
from Group 1. Our results are in agreement
with previous measurements of cerebral
ischemia-induced  extracellular  calcium
changes performed by calcium-sensitive
electrodes in rat brain. This demonstrates
the feasibility of the Optical Diffusion and
Fluorescence (ODF) system in performing
measurements of the three parameters in
Vivo.

Studies in vivo and in vitro to characterize
the localization of the calcium signal
obtained from the cortex of the rat brain.
Fig. 1b above (right plots, Group 2) shows
the mean time course of blood volume,
oxygenation, and Ca-fluorescence during
ischemia and reperfusion obtained from the
cortex of rats pre-treated with nimodipine (a
Ca channel blocker) prior to the ischemic
insult.  There were no significant Ca-
dependent fluorescence increases during the
ischemic insult (Fig. 1b.C) although both
blood volume (Fig.1b.A) and hemoglobin
oxygenation (Fig.1b.B) display the typical
ischemia changes. The nimodipine data
indicates that the elevation of Ca’-
fluorescence is predominately due to an
intracellular calcium increase and not to an
activated Rhod2 leaking into the
extracellular space. In addition, cryostatic
frozen sections of the brain were prepared
and examined wusing a fluorescence
microscope. The fluorescence micrographs
also indicate an intracellular localization of
Rhod2-Ca binding (data not shown)
although the exact cell type cannot be
determined as yet.
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Animal studies with cocaine administration
has also been initiated in parallel to
examine the ODF probes role in
pharmacological and pathophysiological
applications. The experiments are
performed to detect the brain responses to a
cocaine challenge in the living rat brain.
The experimental results will not only
validate the techniques but also be used as
primary results for further grant application
from other funding agents, e.g., NIH.

This project involves animal vertebrates
SPECIFIC ACCOMPLISHMENTS:

Publications:

1. Du, C.; Koretsky, A.P.; Igor, Izrailtyan;
Benveniste, H. “Simultaneous detection in
vivo of changes in cerebral blood volume,
oxygenation and intracellular calcium during
cerebral ischmia and reperfusion using
diffuse reflectance and fluorescence.” J. of
Cerebral Blood Flow & Metabolism, 25,
1078-1092, (2005).

2. Luo, Z.; Benveniste, H.; Yu, M.; and Du,
C. ““Activation-blood flow coupling during
direct somatosensory cortical stimulation in
living rat brain,” Proceedings of 2™
International IEEE EMBS Conference on
Neural Engineering, 664-666, (2005).

Abstracts and Presentations:

1. Du, C.; Thanos, P.K.; Yu, M.; Rivera, S.;
Koretsky, A.P.; Volkow, N.; Benveniste, H.;
“Cerebrovascular and intracellular calcium
effects of cocaine on brain function in the
living rat,” Accepted to present at Society
for  Neuroscience  annual  meeting,
Washington, Maryland, Nov. 12-16, 2005.
2. Du, C.; Thanos, P.K.; Yu, M_; Rivera, S.;
Benveniste, H.; “Optical brain monitoring of
cocaine-induced cerebrovascular and intra-
cellular calcium effects in the living rat,”
International Narcotics Research




Conference, Annapolis, Maryland, July 10-
15, 2005.

3. Wolf, A.; Du, C.; Pan, Y.; Benveniste, H.;
"Imaging rat brain function using calcium-
sensitive  fluorescent =~ dye  Rhod2,"
Biomedical Engineering Society Annual
Meeting, Oct 13-17, Philadelphia, 2004.

Grant Proposal Pending:

NIH-K25 “Optical and fMRI Studies of
Cocaine in the Rat Brain,” 04/01/06-
03/31/11, 743,000 (direct cost).
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NIH-RFA “New Optical Diffusion and
Fluorescence Probe for Measurement of
Neural Activity,” 09/01/2006-08/31/2011,
$1,274,724 (total direct cost)

LDRD FUNDING:

FY 2004 $ 27,032
FY 2005 $132,570
FY 2006 (budgeted) $104,000



Nuclear Control Room

Unfiltered Air In-Leakage by
Atmospheric Tracer Depletion
(ATD)

Russell N. Dietz

04-069

PURPOSE:

Nuclear plants with a licensing based, in part, on
low control room (CR) unfiltered air in-leakage
(UD) rates (<50 cfm), needed to use a tracer
approach that directly measured this value as the
standard tracer approach, which determines this
value by difference, often results in an
unacceptably large uncertainty. The goal was to
use the ATD approach at actual low in-leakage
nuclear plants as the method for generating
results mandated by the Nuclear Regulatory
Commission (NRC). New programs, supported
at BNL by specific nuclear plants for generating
these NRC-required results, were a measure of
the success of this project; results were reported
to the NRC. There is a further mandate that
such Ul determinations be repeated on a tri-
annual basis; once applied to a particular plant,
repeat testing could be conducted less
expensively by utility personnel employing
ATD with BNL only performing the state-of-
the-art analyses. Improved analyses would also
benefit new homeland security and CO,
sequestration tracer projects.

APPROACH:

Background. The mathematical hypothesis of
this project was that the efficient removal of
the ambient background concentration of
certain perfluorocarbon tracers (PFTs) by the
charcoal filters in a nuclear plant’s dual control
room emergency ventilation system (CREVS)
provides the means for the direct determination
of UL At steady state (SS), CR concentrations
equal to those out of the charcoal implies no
Ul a slight increase in the CR concentration
means a slight amount of UL  The CR
concentration relative to that in normal ambient
air times the rate of charcoal-filtered air
provides the Ul quantification. This ATD

approach had not been previously applied. The
exploratory issues pertained to an assessment
of the likely performance of installed charcoal
systems for the nearly 100% removal of certain
PFTs and the development of the sampling and
analysis  strategies for the successful
quantification of the expected few one
thousandths of the normal 5 to 10 parts per
quadrillion ambient concentrations - a
significant extension of the PFT technology.

Scope. 1) Testing of commercial-grade nuclear
charcoals for nearly 100% removal of PFT was
needed with ASTM-type test cells & sampling
apparatus. 2) Nuclear plant charcoal filtration
system tracer tent testing was to be compared to
ATD testing. 3) Accelerated depletion of PFT
backgrounds in a large-volume nuclear facility
required testing commercial portable charcoal-
filtration units. 4) The resulting low
concentrations (~10° of ambient) required
efficient high sampling rate systems. 5) Such
low-level analyses required enhancements to the
gas chromatograph (GC) system. 6) ATD needed

. testing at commercial nuclear plants.
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Methods. Standard laboratory procedures were
used to conduct this research — with the
exception of the state-of-the-art GC system and
the use of nuclear control room facilities for
conducting final demonstrations of ATD.

TECHNICAL PROGRESS AND RESULTS:

FY 2004 results included: 1) Charcoal testing
that showed PFT removal efficiencies adequate
for ATD — 99.90 to 99.94%. 2) Four installed
charcoal systems at an actual nuclear plant,
tested for Ul by ATD, and demonstrated that
they perfectly tracked the traditional results. 3)
As expected, that ATD testing in nuclear plants
was expedited with 1000-cfm portable charcoal
systems — rapidly depleting ambient PFT
concentrations. 4) Four types of low- to high-
rate (50- to 500-mL/min) adsorbent sampling
tube systems and that these showed good
efficiency 5) Analyses of actual nuclear plant
samples that showed quantification difficulties
with critical PFT peaks and that GC
enhancements improved results. 6) The first



ATD testing, where the utility relyed solely on
this technique. This was conducted at two
nuclear plants, one in August and the second in
Sept 2004.

FY 2005 results. The modeling and
interpretation of the ATD results demonstrated
the ability to determine Ul in the complex case
of a CR inside a control building (CB) — both
with their own charcoal-filtration systems;
conventional tracer testing was not applicable.
The replication of 2 different samplers used in
the 4 elevations of Plant-1 CB was excellent:

Coincident BATS vs PAS Conc. (cts/L)

Elevation Sampler 15-19h 19-21h"
2073' BATS(1) 280+6 219+9
(80,000 f’) PAS(3) 23911 200+5
2032 BATS(1) 31115 267+6
(95000 ") PAS(3) 278%14 278 +20
2016' BATS(1) 362+9 362+9
(95,000 f')  PAS (4) 445+59 44549
20000 BATS (1) 44620 44612
(95000 f) PAS (4) 40646 406 £25

Surrogate ambient PFT conc of 7700 cts/L = 10.2 ppq
(surrogate PFT is the average of 3 PFTs)
Train B:not at steady state (SS),attained after 30 to 36 h

Only 1 sampler per elevation collected sequential
samples to assure steady state was obtained;
personal air samplers checked the concentration
uniformity on the floor. The precision of these
low levels (375 cts/L = 0.5 ppq) was excellent.
At steady state, measured levels were
significantly lower — especially in the CR and out
of the charcoal systems (EVSs):

Surrogate PFT Conc (cts/L) at Two Plants

Plant 1 Plant 2

Train A| Train B| Train A| Train B
CR 21+1| 74+ 4| 36+ 3 17+ 4
EVS 2+1| 46+ 5 <1 <1
(net) | 19+1| 28+ 7| 36+3| 17+4
CB <500 160 £25 | 599 £20 | 1094 £22
EVS 1+£1 49+ 7 10+ 2 21+ 3
(net) | <500 | 111426| 589420 | 1073 +22

Plant 1 CB Train-A test did not achieve steady state

The net CR and CB concentrations were used in
the developed models to compute Ul rates as
shown in the next table. The plants, built as
identical units but located in two different
states, had the same CR rates but somewhat
different CB rates. For both, Ul met licensing
specifications in the CRs (~10 cfm or less) and
was much lower in the CBs than required (<300
cfm).

Unfiltered In-Leakage (UI) Rates (cfm)

Plant 1 Plant 2
Train A| Train B Train A | Train B
CR| 6904} 105+ 26] 101+ 09| 47+ 1.1
CB <63 142+ 30| 69.0+ 34| 109+ 4
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The goal of quantifying low UI rates was
achieved; rates of 5 to 10 cfm were quantified
with 10 to 20% uncertainty. The ATD approach
will likely replace conventional tracer testing
over the next year or two as the results become
more widely disseminated.

Other suppliers’ charcoals will be lab tested.
Further efficiency evaluation of samplers at high
flow rates in the presence of organic vapors
from charcoals will be extracted from field
measurements. Some evidence indicates that
installed systems could be leaking; field data
will be reviewed to see if ATD can quantify
this. Results from the first two nuclear plants
using ATD only were sent to the NRC this
summer.

SPECIFIC ACCOMPLISHMENTS:

The most significant accomplishment was the
acceptance of the ATD approach by the two
nuclear plants (with their concomitant funding
of $350K) to provide testing and results to be
submitted to the NRC.

LDRD FUNDING:

FY 2004 $59,463
FY 2005 $88,764
FY 2006 (budgeted) $31,000




Perﬂuorocarbon Tracer
Sampling, Tagging and
Monitoring Techniques for Use
at the Urban Atmospheric
Observatory

John Heiser

04-073
PURPOSE:

As part of the Department of Homeland
Security (DHS) initiatives, the Urban
Dispersion Program (UDP) was designed to
enhance emergency response capabilities in
the event of airborne releases of harmful
contaminants. An essential component of
UDP is conducting field studies in NYC to
provide data for improving and validating
atmospheric models to simulate contaminant
dispersal.

Perfluorocarbon tracers (PFTs) are uniquely
qualified to provide the data necessary for
model validation. PFTs can be used to safely
simulate behavior of contaminants under
actual conditions within urban environments
where it is particularly difficult to accurately
predict fate and transport. This project is
developing the crucial engineering hardware
and methodology required to fully exploit the
capabilities of PFTs to study transport of
airborne contaminants in the deep urban
canyons of NYC.

APPROACH:

The BNL Tracer Technology Group has done
pioneering work in the development and
practical use of PFTs. This expertise is being
used to develop the equipment, methods, and
protocols for PFT sampling and tagging in the
deep urban canyon. BNL was able to design,
develop, and deploy sampling and release
equipment and methodologies in conjunction
with the UDP NYC field studies.
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TECHNICAL
RESULTS:

PROGRESS AND

In the spring of 2005, the initial UDP field
study was conducted in Midtown Manhattan.
Six PFTs were released from five locations
(for QA/QC, two at one location). Two 30-
minute releases occurred each day, separated
by 1-% hours of no release to allow the tracer
to clear out prior to the next release.
Dispersion of the tracers was determined by
collecting air samples at various locations
within a 400m radius. Activities focused on
vertical sampling protocol and personal dose
monitoring.

The vertical extent and transport time of the
tracer plume was measured by placing air
samplers on surrounding buildings at various
heights. To achieve a better time resolution at
several of these sites two samplers were co-
located, with one sampler collecting 30-
minute samples and the second collecting 5-
minute samples.  Results proved tracer
transport occurred rapidly with significant
levels seen in as little as 12 minutes.

During the summer of 2005 a second, larger
UDP tracer study was conducted in NYC
between Times Square and Central Park and
bounded by 10" and 3™ Avenues. As in the
first study, the Brookhaven Atmospheric
Tracer Sampler (BATS) served as the primary
air sampling device. Current BATS are over
25 years old and prone to failure. While the
lids containing the collection tubes are still
“state-of-the-art,” the operational bases are
long past their prime and offer little versatility
or convenience.

During FY2004 we developed a prototype of a
new BATS base. This unit operated off a
personal digital assistant using Embedded
Visual C++ to have the functionality of the
BATS logic through a graphical user
interface. During FY2005 a final prototype
was designed and built and included a new
pumping system with variable, controlled air
flow, mass flow measurement and logging,



simplified programming using a web-based
interface, greater program versatility such as
variable sampling intervals, and variable flow
rates. The unit can be addressed via cable or
through wireless communication. The PDA
(personal digital assistant) was replaced with a
single rugged chip.

As part of the UDP Summer ’05 study, we
were able to build and deploy three of the new
BATS bases (Figure 1). The new BATS
prototype performed flawlessly and represents
a major improvement over the existing bases.
The mass flow measurement and logging
capability has fully addressed quality

assurance concerns of the older units.

Figﬁre 1. New Brookhaven Atmospheric Tracer
Sampler base.

The Summer ’05 study also required tracer
release quantities considerably higher than
those used in Spring ’05 which precluded
cylinder releases. A new release system was
developed (Figure 2). The system is battery
operated, low power and portable and is based
on a commercially available syringe pump.
The liquid PFT is dispensed onto a piece of
filter paper via a battery operated, fully
programmable syringe pump. The PFT wicks
into the filter paper and spreads out in a thin
layer. A high air flow, low power fan is used
to evaporate the liquid from the filter paper.
The syringe pump allows for programmed
on/off times as well as highly controlled flow
rates and dispense volumes. Additional
QA/QC is gained by being able to weigh the
syringe before and after each release. A
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prototype unit was built and tested. Release
rates up to 15 g/min were achieved, which
was much higher than required for the 4 sq km
study area used in the Summer ’05 tests.

igre . Syringe pump asédpo able Tracer
Release System ‘

For the UDP Summer 05 study six units were
built (using DHS funding) and deployed. The
units preformed flawlessly, gave accurate,
reproducible releases and were very well
received by the UDP program manager and
science community involved in the study.

SPECIFIC ACCOMPLISHMENTS:

Plans for the Madison Square Garden 2004
(MSGO04) Tracer Experiment in Manhattan, S.
Hanna, M. Reynolds, J. Heiser, and R.
Bornstein, Fifth Conference on Urban
Environment, = American = Meteorological
Society, Vancouver, BC, Canada, August
2004.

T. Watson, J. Heiser, P. Kalb, R. Dietz, R.
Wilke, and R. Wieser, The New York City
Urban Dispersion Program March 2005 Field

Study: Tracer Methods and Results,
Brookhaven National Laboratory, Formal
Report, July 2005.

LDRD FUNDING:

FY 2004 $65,530
FY 2005 $98,809
FY 2006 (budgeted) $34,000



Development of an Aerosol

Mobility Size Spectrometer and
an Aerosol Hygroscopicity
Spectrometer

Jian Wang 04-079

PURPOSE:

The technical objective of this project is to
develop two novel instruments. The first
instrument, referred to as the Aerosol
Mobility Size Spectrometer (AMSS), will be
capable of measuring aerosol size
distributions for the entire diameter range of
15 nm to 1000 nm within ~1 second. AMSS
offers a factor of 50 improvement in time
resolution over current state-of-the-art
research instruments. The second proposed
system, referred to as the Aerosol
Hygroscopicity and Volatility Spectrometer
(AHVS), will be capable of measuring size-
resolved aerosol  hygroscopicity and
volatility over the diameter range 15 nm to
600 nm within ~2 minutes. Both instruments
will significantly improve our ability to
characterize atmospheric aerosol properties
and to study the evolution of aerosols (e.g.
size  distribution, hygroscopicity, and
chemical compositions) as they are
transported downwind of their sources.

APPROACH:

The current incomplete understanding of
atmospheric aerosol properties and their
controlling processes necessitates further
intensive field projects involving aircraft-
based measurements. As a result of slow
measurement speed of current techniques,
accurate measurements of aerosols with high
spatial variation, such as aerosols in the
vicinity of clouds or inside a pollution
plume, are not possible onboard research
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Figure 1. Schematic of the Aerosol Mobility Size
Spectrometer (AMSS).

aircraft. The proposed AMSS addresses the
issue of measurement speed by measuring
charged particles of different sizes
simultaneously. Figure 1 shows the
schematic of the proposed AMSS, which
consists of four major sections. Aerosol
samples are first charged in a bipolar aerosol
charger. The charged aerosol particles then
enter a separator through a narrow slit.
Particle-free sheath flow saturated with n-
butanol is introduced into the separator from
its top as shown in Figure 1. A constant
electric field perpendicular to the flow
direction is established inside the separator
by applying a high voltage to one side of the
chamber and grounding the other side.



Under the influence of this electric field, the
charged particles are separated into different
flow streams/locations according to their
mobilities (sizes). The separated particles
then enter a subsequent condenser. As no
electrical field is applied in the condenser,
the positions of the particles in the direction
of electric field remain unchanged after
particles exit the separator. Inside the
condenser, the cooling of the flow generates
a high supersaturation of butanol that
activates particles as small as 5 nm in
diameter. After aerosol particles grow into
supermicron droplets, they are detected by
an imaging system. A laser beam is
collimated into a sheet of light, which
illuminates the particles as they cross. The
images of particles are recorded by a high-
speed CCD camera. Recorded particle
images provide both the size dependent
position and the concentration of particles,
which are then used to derive aerosol size
distributions.

Dr. Pramod Kulkarni and Dr. Peter Takacs
participated in this project.

TECHNICAL AND
RESULTS:

PROGRESS

During FYO05, we constructed a prototype
AMSS basing it on the theoretical analyses
and simulations. The performance of the
prototype AMSS, including the sizing
accuracy, counting efficiency, and mobility
resolution have been characterized in detail.
In our characterization experiments we used
a differential mobility analyzer (DMA) to
generate monodisperse aerosols of desired
sizes, which were then simultaneously
measured by the prototype AMSS and a
commercial Condensation Particle Counter
(CPC, TSI Inc., model 3760). Figure 2(a)
shows that the particle sizes measured by the
AMSS agree well with the DMA classified
sizes over a wide size range, which indicates
the AMSS is capable of measuring particle
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size with high accuracy. Figure 2(b)
compares the simultaneous measurements of
the particle concentrations by the AMSS and
the CPC. When particle diameter was
greater than 15 nm, close agreements were
found Dbetween the two measured
concentrations, which suggest the AMSS
has a counting efficiency of nearly 100% for
particles larger than 15 nm. For particles
smaller than 15 nm, the particle
concentrations measured by the AMSS were
higher than those measured by the CPC,
indicating even higher counting efficiencies
of the AMSS for small particles.
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Figure 2. (a) Comparison of the particle diameters
measured by AMSS to the DMA classified diameters.
(b) Comparison of the particle concentrations
measured by the AMSS to those measured by a CPC.



The characterization results showed that the
prototype AMSS is capable of measuring
aerosol size distributions with high speed,
sizing accuracy, and counting statistics.
Based on the prototype, the construction of
an AMSS suitable for aircraft deployment
has started. The body of the airborne AMSS
has been fabricated based on an improved
design, which further minimizes the flow
disturbance within the AMSS and provides
better seal against leaks. A more compact
optics design is completed and the
fabrication of the optics is underway.

The focus in FY06 will be finishing the

construction of the AMSS that is suitable for
aircraft deployment. Significant efforts will
be made to ensure that the airborne AMSS
meets the constraints of space, weight, and
power for deployment onboard the DOE G-1
aircraft.  Automation software will be
completed for unattended airborne AMSS
operations. The software will also include a
first order data inversion routine that
analyzes and displays real-time aerosol size
distributions. Once the airborne AMSS is
built, it will be tested rigorously on the
ground before its first aircraft-based
deployment.

SPECIFIC ACCOMPLISHMENTS:

Meetings:

J. Wang. “Fast Measurements of Aerosol
Size Distribution, Hygroscopicity, and
Volatility  for  Aircraft Deployment,”
Atmospheric Science Program science team
meeting, January (2005).

P. Kulkarni and J. Wang. “A New Aerosol
Mobility  Size  Spectrometer:  Design,
Calibration, and Performance Evaluation,”
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Gordon Research Conference-Atmospheric
Chemistry, Big Sky, (2005)

P. Kulkarni and J. Wang. “A New Aerosol
Mobility Size Spectrometer: Design,
Calibration, and Performance Evaluation,”

Annual Conference of American Association
of Aerosol Research, Austin, (2005)

Publications:

P. Kulkarni and J. Wang, 2005. “A New
Fast Mobility Spectrometer for Real-Time
Measurement of Aerosol Size Distribution:
I. Concept and Theory,” Submitted to
Journal of Aerosol Science.

P. Kulkarni and J. Wang, 2005. “A New
Fast Mobility Spectrometer for Real-Time
Measurement of Aerosol Size Distribution:
II. Design, Calibration, and Performance
Characterization,” Submitted to Journal of
Aerosol Science.

Funding for deployment of the AMSS
during future field projects was obtained
from the Department of Energy Office of
Science through the Atmospheric Science
Program and from the National Oceanic and
Atmospheric Administration through the

Office of Global Programs.

LDRD FUNDING:

FY 2004 $65,589
FY 2005 $99,415
FY 2006 (budgeted) $34,000



Exploration of Thermal

Diffusion Processes in CdZnTe
for Improved Nuclear
Radiation Detectors

Aleksey Bolotnikov

04-086
PURPOSE:

The goal of the project is to achieve the high
detection efficiency and high spectral
resolution of virtual Frisch-grid CdZnTe
(CZT) detectors by extending the high
uniformity response over the entire volume
of the bar-shaped CZT crystals.

APPROACH:

We propose to employ a PIN junction
structure for CZT devices (similar structures
were developed for Ge and Si detectors) to
achieve full depletion of the active volume
of the semiconductor detectors (virtual
Frisch-ring detectors in this case) with
minimum leakage current. This provides
uniform response of CZT detectors and
ensures their high performance.

Two approaches to produce PIN junction are
to be investigated: (1) by making the
Schottky barrier contacts, and (2) by thermal
diffusion of p-type dopants at high
temperatures >500 C. The later approach
leads to the formation of PN junctions near
the contacts, which is equivalent to the first
approach, but it provides a more reliable and
controllable way of fabrication of blocking
contacts on CZT surface.

TECHNICAL
RESULTS:

PROGRESS AND

During FY 2004-2005, we investigated the
first approach by showing improvement in
spectroscopic properties of PIN junction
CZT detectors. = We fabricated several
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devices with virtual Frisch-grid.  Such
contact  configuration gives us an
opportunity to study improvements in both
the uniformity of the electric field and
spectral resolution. We developed the pulse
shape analyses and x-ray scan system to
study the lateral and depth uniformity of the
charge collection efficiency inside the
Frisch-ring detectors. We developed the
process of making high-quality Schottky
contacts and surface passivation for the
Frisch-ring detectors. With long (> 10 mm)
CZT devices achieved the energy resolution
of less than 1.2% at 662 keV.

We investigated the possibility to thermally
diffuse p-type dopants at > 500 C. It is
known, that unlike Si and Ge, detector-grade
CZT could not withstand high temperatures.
We found experimentally that CZT material
irreversibly loses its  semi-insulating
property already above ~140 C (HPB
material) and above ~200 C (MB material).
Thus, we consider the first approach to be
more reliable and practically usable for CZT
detectors.

In addition, during FY 2005 we started the
investigation of the role of Te-precipitates
on the CZT device performance, and the
possibility of using high-temperature post-
growth annealing process to minimize the
concentration of the precipitates (together
with Yinnel Tech, Inc.).

In FY 2006 we will continue to pursue our
goal to fabricate high-efficiency and high-
energy resolution CZT detectors.

SPECIFIC ACCOMPLISHMENTS:

A.E. Bolotnikov, G.S. Camarda, G.A.
Carini, G.W. Wright, R.B. James, D.S.
McGregor, W. McNeil, “New Results from
Performance Studies of Frisch-Grid CdZnTe
Detectors,” SPIE, 5540, pp. 33-45, 2004.



A.E. Bolotnikov, G.C. Camarda, G.A.
Carini, M. Fiederle, L. Li, D.S. McGregor,
W. McNeil, G.W. Wright, and R.B. James,
Fellow, IEEE, “Performance Characteristics
of Frisch-Grid CdZnTe Detectors,” to be
published in IEEE, 2004.

G.A. Carini, A.E. Bolotnikov, G.S.
Camarda, G.W. Wright, R.B. James, “Effect
of Te-precipitates on performance of
CdZnTe detectors,” to be published in APL,
2005.
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Received a 2005 100R&D Award together
with KSU and Yinnel Tech., Inc.

LDRD FUNDING:

FY 2004 $ 86,077
FY 2005 $131,041
FY 2006 (budgeted) $ 44,000



An Integrated Approach of

High Power Target Concept
Validation for Accelerator
Driven Systems

Nicholas Simos 04-088

PURPOSE:

The success of a number of proposed high-
power accelerators is strongly linked to the
ability of a few, non-conventional materials
and composites to withstand high levels of
irradiation damage combined with severe
shock from intercepting energetic protons.
The objective of this project is to explore,
through a systematic and detailed
experimental effort, the feasibility of a
number of innovative new materials as
accelerator production targets. Specifically,
assessment of the irradiation effects on key
physical and mechanical properties, which
make these materials attractive in the first
place, is sought through controlled
irradiation exposure and post-irradiation
tests.

Proof of irradiation and shock resilience of
these novel materials will form the basis for
a BNL program development related to,

e Accelerator initiatives such as the Muon
Collider, the Neutrino Superbeam, the
Next Linear Collider, etc.

e NASA’s search for multifunctional
materials performing shielding and
structural functions while maintaining
properties under irradiation exposure.

e Special industrial applications of these
materials, including material surface
treatment (irradiation effects on nano-
film deposition, and plating).
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APPROACH:

The challenge, common to all high-power
accelerator initiatives, is the feasibility and
availability of materials that can meet the
ever-increasing demand of power and energy
deposition on targets. Recent irradiation
damage studies showed that special
materials exhibiting superb behavior in the
non-irradiated state lose their distinct
properties very rapidly with radiation.
Results of these studies, combined with the
requirements of recent accelerator initiatives
(i.e. BNL Neutrino Superbeam), prompted
the idea of focusing attention on a narrow
material matrix and answering questions
regarding the serious implications a material
choice might have when used as an
accelerator target as it experiences
irradiation damage and severe shock.

To reach the goal materials need be selected
based on a figure of merit which combines
the material Z value with properties like
conductivity, coefficient of thermal
expansion, fracture  toughness, etc.
Specimens appropriate for the experiment,
the available apparatus and the facility
constraints are to be designed and fabricated
then irradiated with 200 MeV protons in
order to reach irradiation damage of
approximately 0.25 displacements-per-atom
(dpa). Specimens are to be allowed to
“cool-down” and then transferred to the
BNL Hot Cell facility for activation
measurements and post irradiation testing.
Through a series of tests the irradiation
effects on (a) mechanical properties such as
loss of ductility, failure load and stress-strain
relationship, (b) coefficient of thermal
expansion and conductivity, and (c)
degradation of the special surface treatment
of aluminum will be assessed. A material
shock experiment using a high-power laser
is to be performed alongside the irradiation
and post-irradiation studies.



Collaborators contributing in this effort are,
Dr. Harold Kirk, Dr. Hans Ludewig, Dr.
Peter Thieberger, and Dr. Leonard Mausner
(all of BNL), Prof. Kirk McDonald
(Princeton U.), Dr. John Sheppard (SLAC)
and Dr. Kojii Yoshimura (KEK, Japan).

TECHNICAL PROGRESS:

e The irradiated specimens that comprise
the test matrix (3-D weaved carbon-
carbon composite, graphite 1G-43,
“GUM METAL” alloy, AlBeMet,
Berrylium, Vascomax, Ti-6Al-4V) was
tested for changes of thermal expansion
coefficient due to irradiation and
changes in the mechanical properties
(stress-strain relation, ductility)

e Post-analysis of some of the data has
been performed. Rigorous data analysis
is currently under way.

e [Irradiation damage assessment in dpa of
the specimens, based on the protons
received during irradiation and their
distribution, was completed

e Irradiation of a special 2-D carbon-
carbon composite used in the Large
Hadron Collider (LHC) proton beam
collimators at CERN has been performed
at the BNL BLIP facility, including
activation measurements.

e The Class IV Nd:YAG laser has been
conditioned and has been interfaced with
an ultrasonic system for shock
generation on target materials and
measurements. Actual laser-induced
shock tests are planned for this year.

The following are planned tasks for FY06:

e Completion of the irradiation damage

assessment for the entire test matrix

based on the calculated damage and
observed property changes.
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Upgrade of the dilatometer set-up in the
hot cell to enable measurements of
thermal conductivity and diffusivity
Assessment  of surface  bonding
degradation for nickel-plated aluminum
Completion of laser-induced shock tests
on targets and applicability of laser
interferometry for surface effects
Completion of the planned irradiation
test at the anti-proton facility at Fermi
Lab where the 120 GeV protons will be
used to assess the possible effects of the
proton energy on the material damage.

SPECIFIC ACCOMPLISHMENTS:

Refereed Journals/Refereed Proceedings:

1.

Material Studies for Pulsed, High
Intensity Proton Beam Targets, N.
Simos, H. Kirk, P. Thieberger, et. al.,
Nuclear ~ Physics B Proceedings
Supplements, Volume 149, p. 259-261
Solid Target Studies for Muon Colliders
and Neutrino Beams, N. Simos, H. Kirk,
H. Ludewig, et al., Nuclear Physics
(submitted September 2005)

A Free Jet Hg Target Operating in a
High Magnetic Field Intersecting a High
Power Proton Beam, V.B. Graves, P.T.
Spampinato, N. Simos, et al., Elsevier
Science (submitted August 2005)
Post-Irradiation Properties of Candidate
Materials for High Power Targets, H.
Kirk, H. Ludewig, N. Simos, et. al.,
Proceedings of PACOS5, Paper ID: 1703-
ROADO003, May 2005

A High Power Target Experiment, H.
Kirk, S. Kahn, N. Simos, et. al,
Proceedings of PACOS, Paper ID: 1698-
RPPT067, May 2005

Eight (8) LDRD-relevant presentations at
international meetings and have been made.

Target Material Studies — Status, Muon
Collider Collaboration Meeting, LBNL,
February 2005



Material Irradiation Studies for LHC
Collimators — Phase I & II, LHC Accelerator
Research Program Collaboration Meeting,
Port Jefferson, NY, April 2005

POST-IRRADIATION PROPERTIES OF
CANDIDATE MATERIALS FOR HIGH
POWER TARGETS, Poster Presentation,
PAC 2005, ORNL, TN, May 2005

BNL Target Studies for 2-4 MW Proton
Driver, Neutrino Beam Instrumentation
2005 Conference, Fermi National
Laboratory, June 2005

Irradiation Studies for High-Intensity Proton
Beam Targets, Neutrino Beam
Instrumentation 2005 Conference, Fermi
National Laboratory, June 2005

US Solid Target Program. Neutrino Factory/
Neutrino Super Beam. NuFact 2005
Conference, Frascati, Italy, July 2005
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The LARP Collimation Program — Task 4
Summary, US LHC Accelerator Research
Program Review, N. Simos and N. Mokhov,
Fermi National Laboratory, September 2005.

A funding commitment through the US-
LHC (LARP) of $50K per year has been
made (FY04- FY07). Also, proposals to (a)
NuSAG for R&D on Targets/Materials for
Future  Neutrino  Physics  Program
($900K/yr-3yrs) and (b) Neutrino T2K
Beam Collaboration ($240 K/yr-3yrs) have
been generated and are pending.

LDRD FUNDING:

FY 2004 $ 82,747
FY 2005 $121,361
FY 2006 (budgeted) $ 46,000



Hydrogen Storage Using

Complex Metal Hydrides for
Fuel Cell Vehicles

James Wegrzyn 04-104

PURPOSE:

The purpose of the study is to build upon the
expertise and unique capabilities at BNL in
the development of a practical hydrogen
storage system for fuel cell vehicles. The
goal is to enhance our fundamental
understanding of the kinetics and
thermodynamic properties of both metal and
complex metal hydrides. This knowledge
serves as the foundation in responding to the
President’s and Brookhaven’s Hydrogen
Initiatives.

APPROACH:

The renewed interest in the “concept of a
hydrogen economy” provides the motivation
for this study. The approach is to synthesize
and test novel hydrogen storage materials.
Materials of interest have been aluminum
hydride, alkali hydrides, and alanates. The
role titanium plays as a catalyst has also
been investigated.

TECHNICAL
RESULTS:

PROGRESS AND

Technical progress was realized for this past
year in three areas: 1) the kinetic properties
of aluminum hydride, 2) the thermodynamic
properties of various complex metal
hydrides, and 3) the functionality of the
titanium catalyst.

The potential of using aluminum hydride as
a hydrogen storage medium has been
explored, in which accelerated desorption
rates have been measured by the addition of
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small levels of alkali metal hydrides. DOE’s
2010 gravimetric and volumetric system
targets can be met, but off board
regeneration of spent Al back to AlH; still
needs to be addressed.

The thermodynamic properties of various
complex metal hydrides have been
investigated. = The alanates (NayLiAlHs,
KAIH,;, K3;AlHs, K);NaAlHg, etc.) were
synthesized by mechanical alloying, and the
enthalpy and entropy of decomposition was
determined by measuring  pressure-
composition isotherms. Results have
demonstrated that the equilibrium pressures
can be changed substantially by partial
substitution of the alkali metal. A better
understanding of the thermodynamic effects
of alkali-metal substitutions may lead to the
development of new classes of high-capacity
alanates with thermodynamic properties that
are more favorable for PEM fuel cell
applications.

At the NSLS, Ti K-edge x-ray absorption
near-edge spectroscopy was used to
determine the Ti valence and coordination in
Ti-activated sodium alanate. These results
demonstrated that the formal titanium
valence is zero in doped sodium alanate and
nearly invariant during H, cycling. A
qualitative comparison of the edge fine
structure suggests that the Ti is present on
the surface in the form of amorphous TiAls.

SPECIFIC ACCOMPLISHMENTS:

Publications:

Accelerated thermal decomposition of AlHj;
for hydrogen-fueled vehicles. Sandrock, G.;
Reilly, J.; Graetz, J.; Zhou, W.-M.; Johnson,
J.; and Wegrzyn, J., Appl. Phys. A, 80 687
(2005).

Nanoscale energy  storage  materials
produced by hydrogen-driven metallurgical



reactions. Graetz, J. and Reilly, J.J., Adv.
Eng. Mat., 7 597 (2005).

Structure and thermodynamics of the mixed
alkali alanates. Graetz, J.; Lee, Y.; Reilly,
JJ.; Park, S.; and Vogt, T., Phys. Rev. B, 71
184115 (2005).

Decomposition kinetics of the AlH3
polymorphs. Graetz, J. and Reilly, J.J., J
Phys. Chem. B, accepted (2005).

Alkali metal hydride doping of a-AlHj3 for
enhanced H, desorption kinetics. Sandrock,
G.; Reilly, J.; Graetz, J.; Zhou, W.-M,;
Johnson, J.; and Wegrzyn J., J. Alloys
Comp., accepted (2005).

Thermodynamics of the a, f and 7y
polymorphs of AlHj;. Graetz, J. and Reilly,
JJ., J. Alloys Compd., submitted (2005).

Presentations:

X-ray absorption study of Ti-doped sodium
aluminum hydride. Graetz, J.; A. Y. Ignatov;
T. A. Tyson; J. Reilly; and J. Johnson,
Materials Research Society Fall Meeting,
Boston, MA, Nov. 29-Dec.3, 2004.

Hydrogen driven metallurgical reactions
(HDMR) to produce reactive, nano-scale
and nano-composite materials. Reilly, J.; J.
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Johnson; J. Graetz; R. Klie; G. Sandrock;
and J. Wegrzyn; Materials Research Society
Fall Meeting, Boston, MA, Nov. 29-Dec. 3,
2004.

Metal Hydrides, Materials R&D, Heat
Transfer & Engineering. Reilly, J. (invited
panelist) IPHE International Conference on
Hydrogen Storage; Lucca, Italy, June 20-22,
2005.

New Reversible Complex Metal Hydrides,
March Meeting of American Physical

Society, Los Angeles, CA, 2005.

Doping of AlH3 with alkali metal hydrides
for enhanced decomposition kinetics, March
Meeting of the American Physical Society,
Los Angeles, CA, 2005.

Synthesis and Characterization of the AlH;
Polymorphs, Gordon Research Conference:
Hydrogen-Metal Systems, July 10-July 15,
2005.

LDRD FUNDING

FY 2004 $ 70,265
FY 2005 $108,592
FY 2006 (budgeted) $ 37,000



Full Power Test of the

Amplifier for the Optical
Stochastic Cooling using JLAB
FEL :

Vitaly Yakimenko

05-003
PURPOSE:

We intend to develop and test an optical
amplifier that would be suitable for the optical
stochastic cooling (OSC) at RHIC. Our
calculations demonstrate that OSC operated at
a  12-micron wavelength can effectively
improve RHIC performance. OSC can
successfully replace microwave stochastic
cooling (SC) that is currently proposed for
RHIC and experiments planned for the near
future. OSC has the potential to affect the
whole beam contrary to SC, which only deals
with a small portion of the beam. OSC is
complimentary to electron cooling (EC),
which is another RHIC cooling project. EC is
more effective for the particles with small
amplitudes, while OSC works faster at large
amplitudes. Thus addition of the OSC to the
EC would dramatically reduce the
requirements of the electron current in the EC
project.

APPROACH:

Using an optical parametric amplifier (OPA)
pumped by the second harmonic of the
Accelerator Test Facility high power pulsed
CO2 laser, we characterized the amplification
of a CW CO2 laser at 9.6 microns.
Demonstration of successful amplification
using this OPA allowed us to extrapolate the
performance expected under the conditions
required for optical stochastic cooling of
RHIC. Experiments aimed at characterization
of the amplification under thermal load would
allow developing of the full power optical
amplifier.
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TECHNICAL PROGRESS AND
RESULTS:
Extensive calculations and initial

measurements of the amplification of the OPA
for OSC were previously performed. We use
an OPA based GaGeAs?2 crystal as an optical
amplifier for the OSC. A test stand was
designed and assembled to verify performance
of the OPA in the low repetition (low thermal
load) mode of operation. Amplification was
observed and characterized including gain
length, angular acceptance, and bandwidth
measurements  for  different  pumping
intensities. An understanding of the very
challenging alignment procedure led to a
significant modification of the test stand.
Experimental verification of the phase
preservation during OPA with relaxed
alignment requirements, due to enlarged laser
sizes, is in their final stages of development.

We started the design of the CO, based pump
source. It consists of a mode locked CO,
based oscillator at 10 MHz and a
commercially available CW CO, welding
laser. Experimental tests of the mode locked
CO, based oscillator is the last item in the
optical amplifier part of OSC project that
needs verification.

SPECIFIC ACCOMPLISHMENTS:

Phys. Rev. ST Accel. Beams volume 7, issue
1, 012801 (2004).

1. M. Babzien, 1. Ben-Zvi, 1. Pavlishin, I. V.
Pogorelsky, V. E. Yakimenko, A. A. Zholents,
and M. S. Zolotorev, Optical Stochastic
Cooling for RHIC, Workshop on Beam
Cooling and Related Topics, Mt. Fuji, Japan,
2003.

2. 1 Ben-Zvi, R&D on Cooling of RHIC
Workshop on Beam Cooling and Related
Topics, Mt. Fuji, Japan, 2003.

LDRD FUNDING:
FY 2005 $112,488
FY 2006 (budgeted) $120,000



Study of Photon Coupling to

an Electromagnetic Field
Gradient

Carol Y. Scarlett

05-005
PURPOSE:

This experiment is designed to search for
anomalous coupling between a photon and
an electromagnetic field. For the field
strengths achievable with a RHIC dipole,
QED predicts a coupling which induces an
ellipticity change of order 10" rads.
However, a previous experiment conducted
at BNL has observed an effect of order 10
rads. In this experiment, we use a RHIC
Quad. in two configurations, with and
without a mirror cavity, designed to both
reproduce E949’s results and to determine if
the interaction was due to the strength of the
field or its gradient. If such a large effect
were due to an electro magnetic gradient, it
may explain excess ‘gravitational lensing’ of
galaxies believed to contain Dark Matter
(DM). This would shed new light on the
phenomena of DM in the universe. Follow
up experiments could then introduce
stronger field gradients to measure the
coupling as a function of V-B.
Alternatively, if the effect is due to the
presence of axions, scaling with the field
strength, we would be in a unique position
to see their effects on propagating photons.

APPROACH:

We have expanded on the approach taken in
E949’s search for axions. Our goal is two
fold: search for a deeper connection
between photon interactions in a
gravitational and magnetic field gradient and
confirmation/ruling out of the previous
observations of E949. This experiment was
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inspired by both DM research and the signal
observed in E949.

Our experimental scope covers a field
gradien<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>