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David Anderson (U. of Wisconsin-Madison) kicked off the Sherwood meeting with his

review talk, “The Role of Theory and Computation in Advancement of the Stellarator 

Concept”.  The other review talk was given by Eddy Carmack  (Institute of Ocean 
Sciences, Canada) on “The Big New Arctic: The Non-Linear Future Has Arrived”.

Altogether, there were 117 presentations including 14 invited talks that span the field of 

fusion theory on topics such as plasmoid-mediated reconnection, error field penetration, 

broadband-MHD and gyrokinetic turbulence, field-reversed configurations, sparse grid 

techniques, chirping instabilities and runaway electron modes.  Author-provided 

summaries of ten of the invited talks are included on pages 5 to 14 of this document. 

There was a very strong showing by graduate students, postdocs, and young scientists at 

the meeting. More than 32 students attended the conference with a overwhelming 

majority presenting papers. A list of all participating students can be found on page 4.

Images from the poster sessions (top) and Sherwood banquet (bottom).
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Six “Student Poster Awards” were given to the following students for their exceptional

presentations:

 

Nicholas Roberds (Auburn University) “Simulations of Sawtoothing in CTH Using 

NIMROD”

Silvia Espinosa-Gutiez (MIT) “Efficient magnetic fields for supporting toroidal 

plasmas”

Garth Whelan (University of Wisconsin-Madison) ”Wavenumber-resolved energy 

transfer involving zonal flows in ITG turbulence”

Ben Zhu (Dartmouth College) “Global study of turbulent transport in the tokamak 

edge region”

Florian Effenberg (University of Wisconsin-Madison) “3-D Modeling of Edge 

Transport and Plasma Surface Interaction for Wendelstein 7-X Startup Plasmas”

Jeff Lestz (PPPL) “Hybrid MHD/particle simulation of sub-cyclotron Alfvén 

Eigenmodes in NSTX”

Student poster award winners. From left to right: Nicholas Roberds, Silvia Espinosa-

Gutiez, Diego del Castillo-Negrete (Oak Ridge National Laboratory - Chair of the 

Sherwood Executive committee), Garth Whelan, Ben Zhu, Jeff Lestz (Not pictured: 

Florian Effenburg).
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List of student attendees:

Eissa Al-Nasrallan (Univeristy of Wisconsin-Madison)

John Boguski (Univeristy of Wisconsin-Madison)

Tyler Cote (Univeristy of Wisconsin-Madison)

Jeffery Kollasch (Univeristy of Wisconsin-Madison)

Lucas Morton (Univeristy of Wisconsin-Madison)

Tonatiuh Sanchez-Vizuet (University of Delaware)

Jason Smoniewski (Univeristy of Wisconsin-Madison)

Andrea Becerra (Univeristy of Wisconsin-Madison)

Nicholas Roberds (Auburn University)

Kyle Bunkers (University of Wisconsin-Madison)

Meng Li (University of Texas-Austin)

Silvia Espinosa-Gutiez (MIT)

Garth Whelan (University of Wisconsin-Madison)

Torrin Bechtel (University of Wisconsin-Madison)

Zachary Wiliams (University of Wisconsin-Madison)

Adrian Fraser (University of Wisconsin-Madison)

Zz Riford (University of Wisconsin-Madison)

Benjamin Faber (University of Wisconsin-Madison) [invited speaker]

Jae Hoen Ahn (CEA – IRFM, France)

Ben Zhu (Dartmouth College)

Michael Halfmoon (University of Tulsa)

Calvin Lau (University of California, Irvine)

Sam Taimourzadeh (University of California, Irvine)

Christopher Flint (William & Mary)

Armen Oganesov (William & Mary)

Yao Zhou (PPPL)

Florian Effenberg (University of Wisconsin-Madison)

Vinicius Duarte (PPPL) [invited speaker]

Chang Liu (PPPL) [invited speaker]

Sean Miller (University of Washington)

Brian Cornille (University of Wisconsin-Madison)

Jeff Lestz (PPPL)

4 - 2016 International Sherwood Fusion Theory Conference Highlights



Physics of plasmoid-mediated reconnection and flux closure in simulations of Coaxial
Helicity Injection

Fatima Ebrahimi1 and R. Raman2

1 Department of astrophysical sciences, Princeton University, and PPPL,2 University of Washington

To produce plasmas that undergo fusion reactions indefinitely, non-inductive current drive techniques are essential.

In a low-aspect-ratio Spherical Torus (ST), and in particular in an ST based fusion reactor, due to the restricted

space for a central solenoid, elimination of the central solenoid, and thus non-inductive current-drive techniques,

is necessary. Transient Coaxial Helicity Injection (CHI) is a leading candidate for plasma start-up and current

formation in NSTX-U. Magnetic reconnection is essential for formation of closed flux surfaces and start-up plasma

current in CHI. Here, we explore fundamental reconnection physics, in particular reconnecting plasmoids physics, in

resistive MHD simulations of transient CHI. We report two major findings: 1) formation of an elongated Sweet-Parker

(S-P) current sheet and a transition to plasmoid instability has for the first time been demonstrated by simulations

of CHI experiments in a large-scale toroidal fusion plasma in the absence of any pre-existing instability1 and 2) a

large-volume flux closure, and large fraction conversion of injected open flux to closed flux, in the NSTX-U geometry

has also now been demonstrated for the first time2. Simulations have been performed using the extended MHD

NIMROD code in a realistic geometry with a toroidal guide field and using experimental NSTX poloidal coil currents.

Figure 1: Top: Elongated current sheet formation during forced

S-P reconnection. Bottom: Current sheet breaks up due to spon-

taneous reconnection at high S.

It is found that as the helicity and plasma are in-

jected into the device, the oppositely directed field

lines in the injector region are (a) forced to re-

connect through a local S-P type reconnection3,4

or (b) spontaneously reconnect when the elon-

gated current sheet becomes MHD unstable (see

Fig.1). Consistent with the theory, fundamental

characteristics of the plasmoid instability, includ-

ing fast reconnection rate, have been observed in

these realistic simulations. Motivated by the sim-

ulations, experimental camera images have been re-

visited and suggest the existence of reconnecting

plasmoids in NSTX (see Fig.2). As a result of

the improved location of injector flux and shap-

ing coils in NSTX-U, the simulations also show

that the volume of flux closure is large and nearly

all of the CHI-generated current is closed-flux cur-

rent. It is found that the closed flux is over

70% of the initial injector flux used to initiate

the discharge. Work supported by DOE DE-

SC0010565.

Plasmoids	  

	  	  	  	  Simula,on	   	  	  	  	  Experiment	  

Figure 2: Left: Plasmoid formation in simulation of NSTX

plasma during CHI/Right:Fast–camera image of NSTX plasma

shows two discrete plasmoid–like bubble structures. First doc-

umentation of plasmoid formation in a laboratory (NSTX) pre-

dicted by realistic MHD simulations. [1]
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Penetration and amplification of resonant perturbations in 3D ideal-MHD equilibria 

S. R. Hudson, J.Loizu, S.Lazerson, A.Bhattacharjee and P.Helander.
Princeton Plasma Physics Laboratory

Understanding 3D ideal-MHD equilibria, as described by the ideal force-balance 
equation, p = j × B, is fundamentally important for understanding both tokamaks & ∇
stellarators. Edge-localized modes are believed to be ideal, peeling-ballooning modes; 
and a ‘hot-topic’ of current research is to suppress these modes using resonant magnetic 
perturbations (RMPs). However, the nature of ideal-MHD equilibria in 3D geometry is 
profoundly affected by resonant surfaces, which beget a non-analytic dependence on the 
boundary. And, in order to preserve quasi-neutrality, non-physical infinite currents arise 
in equilibria with continuously-nested magnetic surfaces and smooth pressure & 
transform profiles. These difficulties are not fundamental flaws in ideal-MHD, which 
remains perhaps the most successful, relevant yet simplest model of plasma dynamics. It
is just that, until recently, self-consistent tractable solutions to the ideal-MHD 
equilibrium equation for arbitrary 3D geometry had not been discovered.

Recently, for the first time, we computed the 1/x and delta-function current-densities, 
and we realized that self-consistent solutions demand locally-infinite shear at the 
resonant surfaces. We introduced a new class of solutions that admit additional delta-
function current-densities that produce a discontinuity in the rotational-transform that 
removes the singularities. Our equilibrium solutions can be computed both 
perturbatively and using fully-nonlinear equilibrium calculations (with the SPEC code), 
and we present precise verification calculations. Most importantly, our solutions yield 
predictions that are in sharp contrast to previous predictions, with direct implications for 
understanding the penetration of RMPs: in ideal-MHD, a resonant perturbation 
penetrates past the rational surface and into the core of the plasma; and the perturbation 
is magnified by pressure inside the resonant surface, increasingly so as stability limits 
are approached.[Phys. Plasmas, 23, 055703 (2016)]

http://dx.doi.org/10.1063/1.4944818


Nonlinear NIMROD modeling of DIII-D QH-mode discharges with 
broadband-MHD turbulence §

J.R. KING1, K. BARADA2, K.H. BURRELL3, X. CHEN3, A.M. GAROFALO3, R.J. 
GROEBNER3, S.E. KRUGER1, G.R. MCKEE4, M. ONO5, A.Y. PANKIN1, T.L. RHODES2, 
P.B. SNYDER3

1Tech-X Corporation, Boulder, CO, USA;  2University of California, Los Angeles, CA, USA
3General Atomics, San Diego, CA, USA; 4University of Wisconsin, Madison, WI, USA
5Graduate University for Advanced Studies, Toki, Gifu, Japan
E-mail:  jking@      txcorp.com

It is desirable to have an ITER H-mode regime that is quiescent to edge-localized modes (ELMs).
ELMs deposit large, localized and impulsive heat loads that can damage the divertor. A quiescent
regime with edge harmonic oscillations (EHO) or broadband MHD activity is observed in some
DIII-D, JET, JT-60U, and ASDEX-U discharge scenarios [Garofalo et al, PoP (2015); Burrell et
al., PoP (2012); Garofalo et al, NF (2011) and refs. within]. These ELM-free discharges have the
pedestal-plasma  confinement  necessary  for  burning-plasma  operation  on  ITER.  The  mode
activity associated with the EHO or broadband MHD is characterized by small toroidal-mode
numbers  (n≈1-5)  and  is  thus  suitable  for  simulation  with  global  MHD  codes.  The  particle
transport is enhanced during QH-mode, leading to essentially steady-state profiles in the pedestal
region. Relative to QH-mode operation with EHO, operation with broadband MHD tends to occur
at  higher  densities  and  lower  rotation  and  thus  may  be  more  relevant  to  ITER. Nonlinear
NIMROD simulations initialized from a reconstruction of a DIII-D QH-mode discharge with
broadband MHD saturate into a turbulent state.

Results  from a  nonlinear  NIMROD simulation of  DIII-D
QH-mode shot 145098 at 4250ms with broadband MHD are
presented.  The  measured  toroidal  and  poloidal  rotation
profiles  are  included  in  the  simulation  as  experimental
observations indicate that the QH-mode operational regime
is  dependent  on  the  rotation  profile.  The  simulation
develops into a saturated turbulent state and the n=1 and 2
modes become dominant through an inverse cascade. Each
toroidal  mode  in  the  range  of  n=1-5  is  dominant  at  a
different time. The perturbations are advected and sheared
apart in the counter-clockwise direction consistent with the
direction  of  the  poloidal  flow  inside  the  LCFS.  Work
towards validation through comparison to ECE, BES and
Doppler  reflectometry  measurements  is  presented.
Consistent with experimental observations during QH-mode,
the simulated state leads to large particle transport relative to
the  thermal  transport.  A  discussion  of  the  transport
assumptions  built  into  our  MHD modeling  concludes  that
future QH-mode simulation studying the induced transport
should  run  as  a  turbulence  calculation  where  profiles  are
fixed and needs to include first-order FLR drift effects that
stabilize high-n modes.

mailto:jking@txcorp.com
mailto:jking@txcorp.com
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