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1. Overview

This past year the PPPL Off-site University Research Suppott
program suppated over 20 US University groups in the areas of plasma
diagnogics, engineering, theory and simulation, and education. The main
Ingitutionsreceiving this suppot and are listed in Table 1.

This structure of this program continues to be the same as in previous
years. Suppot was offered to arelatively large number of University groups
and provided by ~25-30 PPPL personnd, with 5-15% FTE per PPPL person
per University group. The program remains flexible and can respondto new
or small requests for suppat quickly and efficiently. Priority is given to
requests from small colleges or University groupswhich could mog benefit
from hdp from PPPL. Brief highlights of the main activities are described
be ow, and summaries of theindividud projects arein Sec. 2.

There were at least 11 refereed publications this year from this
program covering a wide variety of topics in plasma physcs and fuson
science, as listed in Sec. 3.

Some highlights from this year were:

¥ D. Mudler and L. Roquamore visited the Univer sity of Washington and
broughta high-speed camera to make measurements of the HIT-SI plasmas.
Views of the injector openings showed the expected time varying behavior
and seemed congstent with the expected spatial behavior.

¥ J. Johnon initiated a collaboration with Prof Yu Lin of Auburn to
provide theoretical suppat for interpreting hybrid simulations of the
magneopause bounday, and have aready hdped to provide an
Interpretation of structures in the simulation as kinegtic Alfven waves.

¥ A collaboration between T.S. Hahm and Prof. A. Brizard at St. Michad @



College resulted in a review pgoer "Foundaions of Nonlinear Gyrokinetic
Theory", which was accepted for publication in Rev. Moden Physcs [2].

¥ G.S. Choeworked with Profs. Lee and Gary at New Jersey Institute of
Technology (NJIT) to develop a novel method of estimating magndic
reconnection rates in solar flares from the velodty and the area of the
moving H alphaemission features [11].

¥ W. Lee and W. Wang have been collaborating with Prof. L. Chen and Dr.

Y. Nishimura from UC Irvine on a pgpe aboutthe theory of velodty space
nonlinearity on zond flows in tokamak plasmas.

Table 1. PPPL University Support Projectsfor FY 2006:

University Contact PPPL Contact(s) Suppat Topic

Alaska Otto Johnn plasmaat Magndopause
Augdurg EngebretsonJohnon MHD in magngosphee
Aubum Lin Hahm gyrokinetic theory
Columbia Boozer Mynick stellarator transport
Columbia Navratil Paul rotation diagnogic
Goshen Helrich Zweben undegraduae plasmalab
[llinois Ruzc Mg eski liquid metals as first wall
Irvine Lin Lee, Wang GTC codedevelopment
Lehigh Bateman  Budny modding comparisons
Maryland Drake Y amada,Ji nonlocal MHD physcs
Michigan Keidar Raitses nanotubecreationin arcs
MIT Egedd Ji, Yamada VTF reconnection

NJT Wang/Gary Choe solar magndism

Prairie View Huang Roquemore Rotamak experiment
Rochester Blackman Ji magnéetic hdicity

St. Micheel's Brizard Hahm gyrokinetic theory
Texas Audin Shvets Kaganovich relativistic electron beam
Toledo Theodosou Kaganovich RF wave penetration

UC Berkeley Mozer Ji, Yamada reconnection physcs
UC Davis Luhmann  Park microwave diagnogics
Washington Jarboe Musdler fast camera diagnogic
West Virginia Scime Cohen LIF and hdicon plasma



2. Brief Summaries:

University of Alaska, Fairbanks

Contact: Prof. Antonius Otto
PPPL personnel: Jay R. Johnn, Gwangon Choe
Topic: Kinetic Effects on Fluid Modds and Multi-Fluid Modds

We are working with Antonius Otto to indude Kinetic Effects in his fluid
codes and to provide theoretical suppat for his simulations We have
performed basic eigenmode calculations demondrating coupling between the
Alfven resonance and velocity shear indabilities along the magneopause
flanks which can be compared with AntoniusOsimulations. We have derived
kingic-tMHD equaions suitable for including kinetic effects in these
calculations induding velocdity shear. Calculations related to this work were
presented in a talk at the IAGA 2005joint assembly in Toulouse, France. We
are also collaborating with Antonius Otto to develop three-fluid simulations
suitable to study magneospheae-ionophere coupling and phobgpheae-
chromospheae-Coronacoupling.

Auburn University

Contact: Yu Lin
PPPL pesonnd: J.R. Johnn
Topic: hybnd simulations of magneopause bounday

We have also initiated a collaboration with Prof Yu Lin the provide
theoretical suppot for interpreting hybrid simulations of the magndopause
bounday. We have already heped to provide an interpretation of structures
in the simulation as kingtic Alfven waves. We plan to andyze a similar
problem as with the University of Alaska consdering trangport in velodty
shear indabilities and Alfven velodty gradients usng the hybnd approach
rather than a kinetic fluid approach and to compare the two numerical
approaches with our andytical theory. Prof Lin plans to perform self-
congstent hybrid simulations to investigae heating and transport in
nonlinear Alfven waves, and we will interpret the results usng techniques of
noninear andysis developed for nonlinear test particle calculations at
PPPL.



Augsburg College

Contact: Prof. Mark Engéoretson

PPPL personnel: Jay R. Johnsn

Topic: Interpreting Satellite Observationsof lon Cyclotron Waves

We provided theoretical suppot for Mark Engebretson to interpret datafrom
the POLAR and CLUSTER spacecraft. Specifically, we have provided
wave stability andysis and wave propagation calculations to undestand
unusud observations of compressiond Pc 1-2 wave activity. A pape has
been submitted to Planetary and Space Science September 2005 entitled
CCluster obervations of Pc 1-2 waves and assodiated ion signaures during
the Octobe and November 2003 magnetic stormsQ Work on POLAR and
CLUSTER were presented at the Chgoman Conference on ULF waves in
March 2005 and at the IAGA joint assembly in Toulouse, France in July
2005and new results will be presented at thefall AGU meeting.

Columbia University

Contacts: Profs. A. Boozer, T. Pedersen
PPPL contact: H. Mynick
Topic: stellarator trangport theory

In collaboration with Allen Boozer at Columbia, we have compaed the
confinement characteristics of some related quasi-axisymmetric (QA)
stellarator designs induding L1383, the basis for the NCSX stellarator now
being condructed, and from this, distilled some simple rules for features of
the QA magndic geometry which are ddeterious or bendficial for
confinement. It was found tha both thermal and energetic confinement in
L1383 can be appreciably improved, by small perturbaions which largdy
eliminate a class of bad drift trgectories not previoudy recognized. The coll
set planned for NCSX should be able to reduce this class of bad trgjectories.

We also published a study [1] of theneodassical trangport in thenew CNT
nonneutral stellarator, in collaboration with A. Boozer and T. Pedersen at
Columbia. From simulations& theory it has been shown tha, depending on
the phase of the variation over a flux surface of the electrostatic potential,
something over which one has some experimental control, one can enhance



or congderably diminish the radial neodassical fluxes compared with the
flux when the potential is assumed congant over aflux surface.

Columbia University

Contacts: Profs. Navratil
PPPL contact: S. Paul
Topic: rotation diagnogic

Improved wider and more linear optical filters were ddivered by Barr
Assodates in September 2006. They are beng calibrated and readied for
ingallation. A new graduae student has just begunworking with the system
following the gradudion of the former student working on the project. |
built an improved low-noise electronic amplifier for the system. The results
were summarized in a pgoer presented at the High Temperature Plasma
Diagnogics meeting, which will be published in Rev. Sa. Indrum

Goshen College

Contact: Prof. C. Helrich
PPPL contact: S. Zweben
Topic: undegradude plasmalab

Themain vacuum punp in the plasma lab supplied to Goshen in 2005 failed
this year and a technician was sent to Goshen to assess thecause. The punmp
was retumed to PPPL, repared at the vacuum prep lab, and sent back to
Goshen intime for thefall semester. Thelab is now working fine

[linois

Contact: Prof. D. Ruzc

PPPL contact: R. Majeski

Topic: liquid metal aswalls

This past year | have primarily been serving on a committee advising David
Ruzc at University of Illinois on his lithium PFC program on the topics of
experimental design and andysis of expeiments in lithium flows and
thermal trangport in free-surface lithium.



L ehigh
Contact: G. Bateman
PPPL contact: R. Budny

Part of my collaborations with Lehigh resulted inl APS poders related to
PTRANSP. | hdped Lehigh !gé trangp going and starting to do ITER
predictions

Maryland

Contact: Prof. J. Drake
PPPL contacts: M. Yamada H. Ji
Topic: local MHD physcs

We interacted intensvely with Jim Drake dunng FY 06 to compare our new
results on Hall MHD physcs with ther numerical simulation results. Thear
work has been very useful for our recent paper in Phys Plasmas, May 2006]
We continueto coordinate our 2-fluid MHD reconnection study with Drake,
Shay and Swisdudk to support ther numerical research. Also they are
compaing ther new calculation of reconnection in the collisiond regime
with our MRX daa.

Michigan
Contact: M. Keidar

PPPL personnd: Y. Raitses
Topic: Anodic Arc Dischargefor Nanotube Growth

In the past year, our collaboration study focused on the effects of the
magnéeic field on nanotube growth in atmospheic pressure arc discharges.
A benchmark plasma arc setup was built at PPPL to provide experimental
and diagnogic support for Michigan research on ablation of carbon
electrodesin arc discharges. A PPPL graduate student (Abraham Fetterman)
was actively involved in building of this experimental setup. Two papers
were published [3,4] and the APS-DPP abdract was submitted.



MIT

Contact: Prof. J. Egedd, Prof. M. Prokolab
PPPL personnd: H. Ji, M. Yamada
Topic: Local reconnection experiments

We hoged a summer visiting gradude student from MIT, and our joint work
with MIT has culminaed to the a proposal with the MIT VTF team to
coordinae MRX research with space physcs.

New Jersey | nstitute of Technology

Contacts: Prof. H. Wang, Prof. D. Gary, and Prof. J. Lee
PPPL personnel: Gwang-Son Choe& Chio Z. Frank Cheng (till May 2005)
Topic: Solar magndism and plasmas

We collaborated with Profs. J. Lee and D. Gary at New Jersey Inditute of
Technology (NJIT) to develop a novel method of estimating magndic
reconnection rates in solar flares from the velodty and the area of the
moving H alpha emission features. The time variation of the magndic
reconnection rate thus derived turns out to match well the time profiles of
the observed hard X-ray and microwave fluxesin a solar flare. A paoer was
published in Astrophysca Journd [11]. Gwang-Son Choe and the NJIT
research team led by Prof. H. Wang also examined the magndic hdicity
Injection into solar active regions before maor flares and found tha
thetime-integrated hdicity injection has a strong correlation with the flare
X-ray flux. An NJIT graduae student, S. H. Park, took pat in this research
by peforming daa andysis. A pgoer isin preparation.

Prairie View A&M

Contact: Prof. Huang

PPPL personnd: L. Roquemore, C. Brunkhost
Topic: Rotamak experiment

A PPPL technician peformed necessary maintenance on the Prairie View
5001/s Balzers turbo punp. This induded a complete cleaning, changing the
bearings oil and wick and 24 hou opeation of the punp. The pump was
retured in oneweek. This punmp is required for the new rotomak they are
assembling and hope to opeaate before the end of the month. We are



presently refurbishing a TFTR punp controller tha we will ship to them in
the near future. We also conaulted with them on variousdiagnogic issues.

Rochester

Contact: Prof. E. Blackman
PPPL personnd: H. Ji
Topic: theory of magndic hdicity

Our joint pgoer was published in Monthly Notices of Royd Astronomical
Sodety on the commondities and differences beween laboratory plasma
dynamos and astrophyscal dynamos|[10].

St. Michad's College (Vermont)
Contact: Prof. A. Brizard

PPPL pesonnd: T.S. Hahm
Topic: gyrokinetic theory

The review pgper on nonlinear gyrokinetic theory, on which we have been
collaborating this past year, has been accepted for publication in Review of
Moden Physcs|[2].

Texas, Austin

Contact: G. Shves, O. Polomarov
PPPL personnd: |. Kaganovich
Topic: relativistic electron beam trangport

A reduced hybrid fluid/kinetic approach to modding relativistic electron
beam transport in dense plasma is developed. The approach is motivated by
the cases when the beam densty is likely to be much smaller than the
plasma dendty and the beam energy is relativistic. Undea these conditions
the growth rate of the Weibd ingability is small, making its modding by
conventiond PICs exceedingly time consuming. To overcome this difficulty
we have developed a 2-D hybrid modd that does not require resolving the
plasma period and only resolves a collisionless skin depth for background
plasma. Conservation of geneaized vorticity and beam/plasma quasi-
neutrality are used to reduce govening equaions A computationdly
efficient code based on this reduced description is developad and



benchmarked againg the LSP PIC code[9].

University of Toledo

University contact: C.E. Theodosou
PPPL personnd: |. Kaganovich
Topic: RF discharge physcs

In low-pressure radio-frequency (RF) discharges, the electron-energy
distribution fundion (EEDF) is typically nonMaxwellian for low plasma
dendty. The nonlocal plasma condudivity, plasma densty profiles, and
EEDF are al nonlinear and nonlocally coupled. For accurate calculation of
the discharge chaacteristics, the EEDF needs to be computed self-
congstently. The method of fast self-congstent onedimensond of planar
indudively couped discharges driven by a RF electromagndic field is
presented. The effects of a non-Maxwellian EEDF, plasma nonunformity,
and finite size, as well as theinfluence of the externd magndic field on the
plasma propaties are consdered and discussed [7,8].

UC Berkeley

Contact: Prof. Mozer, S. Bale
PPPL pesonnd: H. Ji, M. Yamada
Topic: reconnection physcs

Our collaborative study of magnetic reconnection layer has been intensfied
and recognized in the space phydcs meetings A new MMSIDS
interdisciplinary collaboration proposl was submitted to NASA with Prof.
Mozer's group, U. Wiscongn and MIT VTF team to coordinate MRX research
with space physcs. This large joint propasal of exceeding $5 M will span 12
years starting FY 2007,if approved. In this proposal, we proposd to doaument
basic paterns of daa dunng a simulated encounter of the MRX reconnection
layer with the four-probe mock-up system and compae them with daa
acquired from past satellites. Relative pogtion of the MMS satellites (to be
laundhed in 2012) in the magndosphae can then be determined. Optimum
cluger configuration or distance between the four satellites can be determined
for various diagnogics or research missions Recently a preliminay
experiment was carried out in MRX. These experiments utilizes effectively the
uniqueMRX ability to accurately know thelocation of diagnogics with respect
to themoving reconnection layer. AGU 06 paper attached.



UC Davis

Contact: Prof. N. Luhmann

PPPL personnd: H. Park

Topic: microwave fluctuation diagnogics

Thee are severa tasks tha | have been engaged in UCD program: 1)
development of stable high power laser sources at 185 and/or 119 micron,
essential for the scattering system for the future devices. 2) Ultra low noise
detection system test. 3) Optimization of the 2-D imaging antenna system
andtest. All subjects are critical techndogy development for the turbulence
study in toroidd plasmas. A stable high power source at ~100-200 micron
wavelength is know to beideal for the collective scattering system and the
system can be redlistic, since the detector technology has been greatly
improved recently. Thelowest noise figure obtained at these wavelengthsis
reaching to the sengtivity of ~1 mm waveguide mixers (~3000 degree k).
However, stable high power sources at these wavelength are still limited and
The UCD group needs my expertise to design both the ordinary and Stark
effect laser which will provide a high IF frequency. Also corresponding
detection system design requires my expetise to implement on real
experiment. | have aso been assisting the UCD group to design a high
frequency 1-D array antenna at ~200 -300 GHz for the application in the
high field toroidd plasma devices.

UC Irvine

Contacts: Prof. Z. Lin
PPPL contacts: W. Lee, W. Wang
Topic: GTC codedevelopment

We have been working with Prof. Liu Chen and Dr. Y. Nishimurafrom UC-
Irvine for the past few months. During this period, Prof. Chen visited PPPL
twice and Dr. Nishimura has temporarily relocated to PPPL. We are writing
a pgpe on the effect of velodity space nonlinearity on zond flows and Prof.
Chen will be a co-author. The work with Dr. Nishimura is aimed at the re-
competition of our SciDAC project next year.



University of Washington
Contact: T. Jarboe
PPPL pesond: D. Mudler, L. Roquamore

We visited the University of Washington to peform high-speed camera
observations of the HIT-SI plasmas usng a high-speed camera borrowed
from PPPL. The camerawas used to view the HIT-SI plasmas from several
poits. Views of the injector openings showed the expected time varying
behavior and also seemed congstent with the expected spaia behavior.
Views of the probes that extend into the center of HIT-SIG plasma showed
plasma-probe interactionstha seemed benign, but did indicate some surface
heating. The midplane view of the plasma was tantalizing, it seems to
Iindicate tha the injected plasma does follow a pah tha modding had
suggested it would for cases in which net toroidd currentis driven.

West Virginia University
Contact: Prof. E. Scime

PPPL pesonnd: S. Cohen
Topic: plasma spectroscopy and LIF

| visited WVY and assisted Dr. Cogel Biloiu perform LIF tomography of
argon plasma velodty distributionsin the Leia and Helix plasma devices at
WVU. For the first time, strong LIF signds were obtained from
supeathermal (10-15 eV) ion beams deep in Leia, more than 20 cm beyond
thefield expandon region. The tomography showed alow energy tail to the
supeathermal ions Estimates indicate this is dueto the birth location of the
lons rather than to classical slowing down or pitch angle scattering, and
potentially offer a method to measure the doubk layer and pre-sheath
thicknesses. Two papers were published on this collaboration [5,6].
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