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1.  Overview 
 

 This past year the PPPL Off-site University Research Support 
program supported over 20 US University groups  in the areas of plasma 
diagnostics, engineering, theory and simulation, and education.  The main 
institutions receiving this support and are listed in Table 1.   
 
 This structure of this program continues to be the same as in previous 
years.  Support was offered to a relatively large number of University groups 
and provided by ~25-30 PPPL personnel, with 5-15% FTE per PPPL person 
per University group.  The program remains flexible and can respond to new 
or small requests for support quickly and efficiently.  Priority is given to 
requests from small colleges or University groups which could most benefit 
from help from PPPL.  Brief highlights of the main activities are described 
below, and summaries of the individual projects are in Sec. 2. 
 
 There were at least 11 refereed publications this year from this 
program covering a wide variety of topics in plasma physics and fusion 
science, as listed in Sec. 3.    
 
 Some highlights from this year were: 
 
¥    D. Mueller and L. Roquemore visited the University of Washington and 
brought a high-speed camera to make measurements of the HIT-SI plasmas.  
Views of the injector openings showed the expected time varying behavior 
and seemed consistent with the expected spatial behavior.     
 
¥   J. Johnson initiated a collaboration with Prof Yu Lin of Auburn to 
provide theoretical support for interpreting hybrid simulations of the 
magnetopause boundary, and have already helped to provide an 
interpretation of structures in the simulation as kinetic Alfven waves. 
 
¥   A collaboration between T.S. Hahm and Prof. A. Brizard at St. MichaelÕs 



College resulted in a review paper "Foundations of Nonlinear Gyrokinetic 
Theory", which was accepted for publication in Rev. Modern Physics [2]. 
 
¥   G.S. Choe worked with Profs. Lee and Gary at New Jersey Institute of 
Technology (NJIT) to develop a novel method of estimating magnetic 
reconnection rates in solar flares from the velocity and the area of the 
moving H alpha emission features [11]. 
 
¥   W. Lee and W. Wang have been collaborating with Prof. L. Chen and Dr. 
Y. Nishimura from UC I rvine on a paper about the theory of velocity space 
nonlinearity on zonal flows in tokamak plasmas.    
 
 
Table 1:  PPPL University Support Projects for FY 2006: 
 
University  Contact PPPL Contact(s) Support Topic                       
Alaska  Otto  Johnson  plasma at Magnetopause 
Augsburg  Engebretson Johnson  MHD in magnetosphere 
Auburn  Lin  Hahm   gyrokinetic theory 
Columbia  Boozer Mynick  stellarator transport  
Columbia  Navratil Paul   rotation diagnostic 
Goshen  Helrich Zweben  undergraduate plasma lab 
Illinois  Ruzic  Majeski  liquid metals as first wall 
Irvine   Lin  Lee, Wang  GTC code development  
Lehigh  Bateman Budny  modeling comparisons 
Maryland  Drake  Yamada,Ji  non-local MHD physics 
Michigan  Keidar Raitses  nanotube creation in arcs 
MIT     Egedal Ji, Yamada  VTF reconnection  
NJIT   Wang/Gary Choe   solar magnetism  
Prairie View  Huang Roquemore  Rotamak experiment 
Rochester  Blackman Ji   magnetic helicity 
St. Michael's  Brizard Hahm   gyrokinetic theory 
Texas Austin Shvets Kaganovich  relativistic electron beam 
Toledo  Theodosiou Kaganovich  RF wave penetration 
UC Berkeley Mozer Ji, Yamada  reconnection physics 
UC Davis  Luhmann Park   microwave diagnostics 
Washington  Jarboe Mueller  fast camera diagnostic 
West Virginia Scime  Cohen  LIF and helicon plasma 
 
 



2.  Br ief Summaries: 
 

University of Alaska, Fairbanks 
Contact: Prof. Antonius Otto 
PPPL personnel:  Jay R. Johnson, Gwangson Choe 
Topic:  Kinetic Effects on Fluid Models and Multi-Fluid Models 
 
We are working with Antonius Otto to include Kinetic Effects in his fluid 
codes and to provide theoretical support for his simulations.  We have 
performed basic eigenmode calculations demonstrating coupling between the 
Alfven resonance and velocity shear instabilities along the magnetopause 
flanks which can be compared with AntoniusÕ simulations.  We have derived 
kinetic-MHD equations suitable for including kinetic effects in these 
calculations including velocity shear.  Calculations related to this work were 
presented in a talk at the IAGA 2005 joint assembly in Toulouse, France. We 
are also collaborating with Antonius Otto to develop three-fluid simulations 
suitable to study magnetosphere-ionosphere coupling and photosphere-
chromosphere-Corona coupling.  
 

Auburn University 
Contact: Yu Lin   
PPPL personnel:  J.R. Johnson    
Topic:  hybrid simulations of magnetopause boundary 
 
We have also initiated a collaboration with Prof Yu Lin the provide 
theoretical support for interpreting hybrid simulations of the magnetopause 
boundary.  We have already helped to provide an interpretation of structures 
in the simulation as kinetic Alfven waves. We plan to analyze a similar 
problem as with the University of Alaska considering transport in velocity 
shear instabilities and Alfven velocity gradients using the hybrid approach 
rather than a kinetic fluid approach and to compare the two numerical 
approaches with our analytical theory.  Prof Lin plans to perform self-
consistent hybrid simulations to investigate heating and transport in 
nonlinear Alfven waves, and we will interpret the results using techniques of 
nonlinear analysis developed for nonlinear test particle calculations at 
PPPL.   

 



Augsburg College 

Contact: Prof. Mark Engebretson 

PPPL personnel:  Jay R. Johnson 

Topic:  Interpreting Satellite Observations of Ion Cyclotron Waves 
 
We provided theoretical support for Mark Engebretson to interpret data from 
the POLAR and CLUSTER spacecraft.  Specifically, we have provided 
wave stability analysis and wave propagation calculations to understand 
unusual observations of compressional Pc 1-2 wave activity.  A paper has 
been submitted to Planetary and Space Science September 2005 entitled 
ÒCluster observations of Pc 1-2 waves and associated ion signatures during 
the October and November 2003 magnetic stormsÓ.  Work on POLAR and 
CLUSTER were presented at the Chapman Conference on ULF waves in 
March 2005 and at the IAGA joint assembly in Toulouse, France in July 
2005 and new results will be presented at the fall AGU meeting. 

 

Columbia University 
Contacts:  Profs. A. Boozer, T. Pedersen 
PPPL contact:  H. Mynick   
Topic:  stellarator transport theory 
 
In collaboration with Allen Boozer at Columbia, we have compared the 
confinement characteristics of some related quasi-axisymmetric (QA) 
stellarator designs, including LI383,  the basis for the NCSX stellarator now 
being constructed, and from this, distilled  some simple rules for features of 
the  QA magnetic geometry which are deleterious or beneficial for 
confinement. It was found that both thermal and energetic confinement in 
LI383 can be appreciably improved, by small perturbations which largely 
eliminate a class of bad drift trajectories not previously recognized. The coil 
set planned for NCSX should be able to reduce this class of bad trajectories. 
We also published a study [1] of the neoclassical  transport in the new CNT 
non-neutral stellarator, in collaboration with A. Boozer and T. Pedersen  at 
Columbia. From simulations & theory it has been shown that, 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 considerably diminish the radial neoclassical fluxes compared with the 
flux when the potential is assumed constant over a flux surface. 
 
 

Columbia University 
Contacts:  Profs. Navratil 
PPPL contact:  S. Paul   
Topic:  rotation diagnostic 
 
Improved wider and more linear optical filters were delivered by Barr 
Associates in September 2006.  They are being calibrated and readied for 
installation.  A new graduate student has just begun working with the system 
following the graduation of the former student working on the project. I 
built an improved low-noise electronic amplifier for the system.  The results 
were summarized in a paper presented at the High Temperature Plasma 
Diagnostics meeting, which will be published in Rev. Sci. Instrum.  

 

Goshen College 
Contact:  Prof. C. Helrich  
PPPL contact:  S.  Zweben   
Topic:  undergraduate plasma lab 

The main vacuum pump in the plasma lab supplied to Goshen in 2005 failed 
this year and a technician was sent to Goshen to assess the cause.  The pump 
was returned to PPPL, repaired at the vacuum prep lab, and sent back to 
Goshen in time for the fall semester.  The lab is now working fine. 
 
 
I llinois 
Contact:  Prof. D. Ruzic 
PPPL contact:  R. Majeski   
Topic: liquid metal as walls 
This past year I have primarily been serving on a committee advising David 
Ruzic at University of Illinois on his lithium PFC program on the topics of 
experimental design and analysis of experiments in lithium flows and 
thermal transport in free-surface lithium. 
 



 
Lehigh 
Contact:  G. Bateman 
PPPL contact: R. Budny 
 
Part of my collaborations with Lehigh resulted in! APS posters related to 
pTRANSP. I helped Lehigh !get transp going and starting to do ITER 
predictions. 
 

Maryland 
Contact:  Prof. J. Drake   
PPPL contacts:  M. Yamada, H. Ji   
Topic:  local MHD physics 
 
We interacted intensively with Jim Drake during FY06 to compare our new 
results on Hall MHD physics with their numerical simulation results. Their 
work has been very useful for our recent paper in Phys. Plasmas, May 2006]. 
We continue to coordinate our 2-fluid MHD reconnection study with Drake, 
Shay and Swisduck to support their numerical research. Also they are 
comparing their new calculation of reconnection in the collisional regime 
with our MRX data.  

 

Michigan 
Contact:  M. Keidar   
PPPL personnel:  Y. Raitses    
Topic:  Anodic Arc Discharge for Nanotube Growth 
  
In the past year, our collaboration study focused on the effects of the 
magnetic field on nanotube growth in atmospheric pressure arc discharges. 
A benchmark plasma arc setup was built at PPPL to provide experimental 
and diagnostic support for Michigan research on ablation of carbon 
electrodes in 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 abstract was submitted. 
 

 



MIT 
Contact:  Prof. J. Egedal, Prof. M. Prokolab   
PPPL personnel:  H. Ji, M. Yamada   
Topic: Local reconnection experiments 
 
We hosted a summer visiting graduate student from MIT, and our joint work 
with MIT has culminated to the a proposal with the MIT VTF team to 
coordinate MRX research with space physics. 
 
 

New Jersey Institute 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 magnetism and plasmas 
 
We collaborated with Profs. J. Lee and D. Gary at New Jersey Institute of 
Technology (NJIT) to develop a novel method of estimating magnetic 
reconnection rates in solar flares from the velocity and the area of the 
moving H alpha emission features. The time variation of the magnetic 
reconnection rate thus derived turns out to match well the time profiles of 
the observed hard X-ray and microwave fluxes in a solar flare. A paper was 
published in Astrophysical Journal [11].  Gwang-Son Choe and the NJIT 
research team led by Prof. H. Wang also examined the magnetic helicity 
injection into solar active regions before major flares and found that 
the time-integrated helicity injection has a strong correlation with the flare 
X-ray flux. An NJIT graduate student, S. H. Park, took part in this research 
by performing data analysis. A paper is in preparation. 
 
 
Prairie View A&M 
Contact:  Prof. Huang   
PPPL personnel:  L. Roquemore, C. Brunkhorst   
Topic:  Rotamak experiment 
 
A PPPL technician performed necessary maintenance on the Prairie View 
500 l/s Balzers turbo pump. This included a complete cleaning, changing the 
bearings, oil and wick and 24 hour operation of the pump. The pump was 
returned in one week. This pump is required for the new rotomak they are 
assembling and hope to operate before the end of the month. We are 



presently refurbishing a TFTR pump controller that we will ship to them in 
the near future.  We also consulted with them on various diagnostic issues. 
 

Rochester  
Contact:  Prof. E. Blackman  
PPPL personnel:  H. Ji    
Topic:  theory of magnetic helicity 
 
Our joint paper was published in Monthly Notices of Royal Astronomical 
Society on the commonalities and differences between laboratory plasma 
dynamos and astrophysical dynamos [10].  
 
 
St. Michael's College (Vermont) 
Contact:  Prof. A. Brizard  
PPPL personnel:  T.S. Hahm    
Topic:  gyrokinetic theory 
 
The review paper on nonlinear gyrokinetic theory, on which we have been 
collaborating this past year, has been accepted for publication in Review of 
Modern Physics [2]. 
 

Texas, Austin 
Contact:  G. Shvets, O. Polomarov 
PPPL personnel:  I. Kaganovich 
Topic:  relativistic electron beam transport 
 
A reduced hybrid fluid/kinetic approach to modeling relativistic electron 
beam transport in dense plasma is developed. The approach is motivated by 
the cases when the beam density is likely to be much smaller than the 
plasma density and the beam energy is relativistic. Under these conditions, 
the growth rate of the Weibel instability is small, making its modeling by 
conventional PICs exceedingly time consuming. To overcome this difficulty 
we have developed a 2-D hybrid model that does not require resolving the 
plasma period and only resolves a collisionless skin depth for background 
plasma. Conservation of generalized vorticity and beam/plasma quasi-
neutrality are used to reduce governing equations.  A computationally 
efficient code based on this reduced description is developed and 



benchmarked against the LSP PIC code [9]. 
 
 
University of Toledo 
University contact:  C.E. Theodosiou 
PPPL personnel:  I. Kaganovich 
Topic:  RF discharge physics 
 
In low-pressure radio-frequency (RF) discharges, the electron-energy 
distribution function (EEDF) is typically non-Maxwellian for low plasma 
density. The nonlocal plasma conductivity, plasma density profiles, and 
EEDF are all nonlinear and nonlocally coupled. For accurate calculation of 
the discharge characteristics, the EEDF needs to be computed self-
consistently. The method of fast self-consistent one-dimensional of planar 
inductively coupled discharges driven by a RF electromagnetic field is 
presented. The effects of a non-Maxwellian EEDF, plasma nonuniformity, 
and finite size, as well as the influence of the external magnetic field on the 
plasma properties are considered and discussed [7,8]. 
 
 
UC Berkeley 
Contact:  Prof. Mozer, S. Bale 
PPPL personnel:  H. Ji, M. Yamada   
Topic:  reconnection physics 
 
Our collaborative study of magnetic reconnection layer has been intensified 
and recognized in the space physics meetings.  A new MMS-IDS 
interdisciplinary collaboration proposal was submitted to NASA with Prof. 
Mozer's group, U. Wisconsin and MIT VTF team to coordinate MRX research 
with space physics.  This large joint proposal of exceeding $5 M will span 12 
years starting FY 2007, if approved. In this proposal, we proposed to document 
basic patterns of data during a simulated encounter of the MRX reconnection 
layer with the four-probe mock-up system and compare them with data 
acquired from past satellites. Relative position of the MMS satellites (to be 
launched in 2012) in the magnetosphere can then be determined. Optimum 
cluster configuration or distance between the four satellites can be determined 
for various diagnostics or research missions. Recently a preliminary 
experiment was carried out in MRX. These experiments utilizes effectively the 
unique MRX ability to accurately know the location of diagnostics with respect 
to the moving reconnection layer. AGU 06 paper attached.  



 
 
 
UC Davis  
Contact:  Prof. N. Luhmann  
PPPL personnel:  H. Park    
Topic:  microwave fluctuation diagnostics 
 
There are several tasks that I 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 
and test.  All subjects are critical technology development for the turbulence 
study in toroidal plasmas. A stable high power source at ~100-200 micron 
wavelength is know to be ideal for the collective scattering system and the 
system can be realistic, since the detector technology has been greatly 
improved recently.  The lowest noise figure obtained at these wavelengths is 
reaching to the sensitivity 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 expertise to implement on real 
experiment. I have also 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 toroidal plasma devices. 
 

UC I rvine   
Contacts:  Prof. Z. Lin   
PPPL contacts:  W. Lee, W. Wang   
Topic:  GTC code development  
 
We have been working with Prof. Liu Chen and Dr. Y. Nishimura from  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 paper on the effect of velocity space nonlinearity on zonal 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 personel:  D. Mueller, L. Roquemore 
 
We visited the University of Washington to perform high-speed camera 
observations of the HIT-SI plasmas using a high-speed camera borrowed 
from PPPL.   The camera was used to view the HIT-SI plasmas from several 
ports.  Views of the injector openings showed the expected time varying 
behavior and also seemed consistent with the expected spatial behavior.   
Views of the probes that extend into the center of HIT-SIÕs  plasma showed 
plasma-probe interactions that seemed benign, but did indicate some surface 
heating.  The midplane view of the plasma was tantalizing, it seems to 
indicate that the injected plasma does follow a path that modeling had 
suggested it would for cases in which net toroidal current is driven.    

 

West Virginia University 
Contact:  Prof. E. Scime   
PPPL personnel:  S. Cohen    
Topic: plasma spectroscopy and LIF  
 
I visited WVY and assisted Dr. Costel Biloiu perform LIF tomography of 
argon plasma velocity distributions in the Leia and Helix plasma devices at 
WVU. For the first time, strong LIF signals were  obtained from 
superthermal (10-15 eV) ion beams deep in Leia,  more than 20 cm beyond 
the field expansion region. The tomography showed a low energy tail  to the 
superthermal ions. Estimates indicate this is due to the birth location of the 
ions rather than to classical slowing down or pitch angle scattering, and 
potentially offer a method to measure the double layer  and pre-sheath 
thicknesses.  Two papers were published on this collaboration [5,6]. 
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