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Rob Goldston (PPPL) kicked off the Sherwood meeting with his review talk, “Understanding
and innovation in magnetic fusion”. He covered a history of results from tokamak experiments
in the areas of core confinement, stability, sustainment — tying the paradigms for
understanding all three to the plasma edge, where outstanding questions remain. Two other
review talks were given by Russel Caflisch (UCLA) on “Accelerated simulation of coulomb
collisions in plasmas”, and Dan Barnes (Tri Alpha) on “Plasma theory as private enterprise”.
Altogether, there were 15 invited talks spanning the field of fusion theory on topics such as
nonlinear gyrokinetic simulations of the tokamak edge, plasma-wall modelling, toroidal
rotation, zonal flows, magnetic field-line reconnection, coulomb collisions, and intrinsic
momentum transport. Author-provided summaries of several of the invited talks are included
on pages 7 to 14 of this document.

There was a very strong showing by graduate students, postdocs, and young scientists at the
meeting. More than 25 students from around the world presented papers. A list of all
participating students can be found on page 5 of this document

From left to right:

Plenary speakers Prof. Jeff Freidberg (MIT) and Prof. Rob Goldston (PPPL), with
Prof. Sergei Krashenninikov (UCSD), Chair of the Sherwood Local Arrangements Committee.



STUDENT POSTER
AWARDS

Six students were honored
with the Sherwood Poster

Award, for their outstanding

presentations. Thirty-three
graduate students attended
Sherwood 2014; the full list
is provided on page 5.

Student Poster Award Winners (from left to right): Spencer James, Josh Burby, Christopher Hansen, Jingfei
Ma, Chenhao Ma, Joshua Sauppe with Prof. Chris Hegna, Chair of the Sherwood Executive Committee.
Many Congratulations!

Top right photos: Weixing Wang, PPPL and Justin Ball, Oxford University graduate student, discussing a
poster; John O’Bryan, Wisconsin graduate student, presenting his talk.



Images from the Sherwood Poster Sessions (top to bottom, left to right): Weixing Wang, PPPL; Brendan Lyons,
PPPL; Gaimin Lu, SIP, and Alan Turnbull, GA; Samual Lazerson, PPPL, and Jonathan Hebert, Auburn; Jacob King,
Tech-X, and Maxim Umansky, LLNL; Abhay Ram, MIT, and Lisa Marie Imbert-Gerard NYU Courant Institute; Carl
Sovinec, Wisconsin; George Hagstrom NYU Courant Institute; Alex Wurm, Western New England Univ.; Michael
Halfmoon, University of Tulsa; Caroline Martins, UT Austin; Gary Staebler, GA; Phil Morrison, UT Austin; Deng
Zhao, Peking University; Andrea Bercerra, Wisconsin; Alan Boozer, Columbia.



Six “Student Poster Awards” were given to the following students for their
exceptional presentations:

Joshua Burby (Princeton Plasma Physics Laboratory)
“Variational integrators for perturbed non-canonical Hamiltonian systems”
Christopher Hansen (University of Washington)
“The PSI-TET framework for 3D MHD: application to injector coupling and
current drive in HIT-SI”
Spencer James (University of Tulsa)
“Self-consistent calculations of the interaction between drift wave turbulence and the
tearing mode”
Chenhao Ma (LLNL, Peking University)
“Global gyro-Landau-fluid simulations in BOUT++ framework”
Jingfei Ma (University of Texas)
“Global Two-Fluid and Gyro-Landau-Fluid simulations of the pedestal turbulence in
DIII-D divertor geometry”
Joshua Sauppe (University of Wisconsin-Madison)
“Helicity Conservation and Two-Fluid Relaxation Modeling for Reversed-
Field Pinches”

Students presenting papers at Sherwood:

1. Justin Ball, Oxford University (UK) 16. Wonjae Lee, UC San Diego
2. lJian Bao, UC Irvine 17. Dongjian Liu, UC Irvine
3. Andrea Becerra, U. of Wisconsin 18. Brendan Lyons, PPPL
4. Joshua Burby, PPPL 19. Chenhao Ma, LLNL, Peking U.
5. Brent Covele, U. of Texas 20. Jingfei Ma, U. of Texas
6. Leland Ellison, PPPL 21. Joseph McClenaghan, UC Irvine
7. William Farmer, LLNL 22. John O’Bryan, U. of Wisconsin
8. Christopher Flint, William & Mary 23. Armen Oganesov, William & Mary
9. Daniel Fulton, UC Irvine 24. Joshua Sauppe, U. of Wisconsin
10. Jerome Guterl, UC San Diego 25. Wrick Sengupta, U. of Maryland
11. Michael Halfmoon, U. of Tulsa 26. Benjamin Sturdevant, U. of Colorado
12. Christopher Hansen, U. of at Boulder
Washington 27. Choongki Sung, MIT
13. Jonathan Hebert, Auburn U. 28. Zhixuan Wang, UC Irvine
14. Eric Howell, U. of Wisconsin 29. Deng Zhao, Peking U., General
15. Spencer James, U. of Tulsa Atomics
























Trapped particle precession and e ective mass in
Rosenbluth-Hinton residual zonal ows

W. Sengupta, A.B. Hassam
IREAP, University of Maryland, College Park, MD 20742

In tokamak turbulence, stresses acting perpendicular to the B eld can impart ExB ows. An
initial radial Electric eld E results in GAM oscillations, which Landau damp, leaving a residual
E,! smaller by a large factor (the Rosenbluth-Hinton factor). Consistent with conservation of
toroidal angular momentum, a residual zonal parallel ow is generated. As is well-known, trapped
particles (TPs) will precess toroidally in a steady E. We observe that the toroidal momentum in
the precessing TPs is much larger than the residual Rosenbluth-Hinton (RH) toroidal momentum.
This raises the question of the missing TP momentum in the zonal ow. Further, upon calculating
the average TP toroidal ow from the RH solution, using conventional methods, we nd this ow
speed to be much smaller than the expected precession speed. Also, the calculation yields a
nonzero poloidal ow for TPs. Finally, the RH "e ective inertia" is smaller than one might expect
from a simple toy model of a constrained bead on a massless rod, given the rapid TP precession.

We show that these apparent discrepancies can be resolved by transforming to energy coordi-
nates shifted with respect to the v coordinate, with the shift proportional to ug. Even in the
limit of small E, this small Jacobian shift must be retained in taking velocity moments as it acts
on the lowest order distribution function. With this shift, the correct precession is recovered as
well as a zero poloidal ow of the TPs. The RH nal parallel ow as well as the e ective mass
are, however, unchanged. To understand the origin of the lower than expected ow/inertia we
upgrade our toy model to include barely circulating particles (CP). We nd that the barely CPs
move counter to and almost cancel the fast TP precession. The reason for this counter ow is
conservation of angular momentum together with adiabatic invariance of phase space.

Figures:

1. Total distribution: CP ux balance
TP ux

2. Barely CPs preferentially owing to
the top

The calculations are done in the sub-bounce-frequency limit, an assumption that fails near the
separatrix. A more general calculation based on action-angle coordinates has been commenced
which allows both GAMs and residual zonal ows. Results con rm the validity of the original RH
factor.

In conclusion, we demonstrate that the shifted coordinates are the natural coordinates to
work with in the presence of a radial electric eld. The physics of TPs and barely CPs becomes
transparent in these coordinates.
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