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TTT =		Toshi Tajima	the	Transformer
TT	is	the	“primary	current”	of	a	new	circuit	that	brought	in	wide	
variety	of	topics	from		accelerators,	magnetosphere	and	solar	
physics.

New	Tools	of	big	simulations	…PIC	simulations	and	Global	View	-
Beat	Wave	Accelerator,	Magnetosphere,	Tokamaks	and	many	
New	confinement	geometries!

Magnetic	Reconnection	- both	traditional		Rosenbluth-Furth-
Killeen	problem	and	Rostoker’s	- and	then	Dawson’s	-
collisionless	magnetic	Reconnection.		20	years	at	UT	Austinà

Talked	to	all	and	every	team:		made	us	talk	[	and	argue]	with	
each	other	…Dan	Barnes,		Pat	Diamond,	Herb	Berk,	many	more1/23/18 Toshi	Tajima	-the	Transformer						IFS	_Horton	2018 2



Geomagnetic	Plasma	- hot,	collisionless and	generally	stable	
with		p		≈B2/2𝜇o
TT	asks	“How	Stable?”		 &			“Dynamics	of	these	high	β	plasmas?”

Magnetospheric Multi-Scale	(MMS)	and	THEMIS	spacecraft		give	
unperturbed	and	perturbed	3D	data	of	B,	V and	n,	Te Ti
along	the	four	tetrahedral	space	crafts	trajectories.	

Measured	steady	Magnetic	Reconnection	on	scale	of	𝛿i=c/𝜔pi ~	200km	<<	
Ln,	LT	~	≃ 2000km		in	the	dynamics	of	the	plasma.	

Learned	Substorms are	from	collision	magnetic	reconnection	driven	by	
plasma	flows.	Drivers	K-H	or	Flux	Ropes	from	CME	-- external	events	/	
drivers.
Horton,	Tajima,	Ricardo	Galvao,		Evolution	of	Tearing	modes	during	magnetic	reconnection,	
Magnetic	Reconnection	in	Space	and	Laboratory	Plasmas,	(1984).	1/23/18 3



Relaxed	Confinement:	magnetic	pressure	~	plasma	pressure	
and	FLR+	Alfven	Wave	Stability

• Long-time	plasma	confinement	occurs	in	nature	with	
• Plasma	Pressure	≃ Magnetic	Pressure	…as	in	magnetospheres	and	
geomagnetic	tails	of	Earth	and	Jupiter...
• Achieved	by	magnetic	reconnection	and	which	suggests	Field	Reversed	
Confinment	[FRC]	plasmas.
• Confined	plasmas	trapped	by	Magnetic	Compression	and	Magnetic	
Reconnection	may	be	more	relaxed	and	natural.
• Dominant	Dynamics	is	Interchange	+	Alfven	Waves	with	plasma	maintained	
by	Magentic	Reconnection	and	Compressional	heating	with	energetic	ions.
• Same	Principles	employed	in	the	laboratory	lead	to	the	FRC	confinement.
Kishimoto,	Tajima,	Horton,	LeBrun,	Kim,	Phys.	Plasmas	3,	1289	
(1996).	Self	organized	critical	transport	in	tokamak	plasmas
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Binderbauer et	al.		Norman	C-2W	long	pulses
of beam power and with an upgraded pulse length of 30 ms.  Perhaps the most critical 
improvement will be with regards to edge control and insulation of the SOL plasma from the 
walls and ends of the machine.  Driven by the findings in C-2U, the divertor capabilities will 
be dramatically upgraded and a new set of inner divertors will be deployed.  This will 
improve the connection between the edge plasma in the central part of the machine and the 
divertors.  The overall layout and key system elements are depicted in Fig. 9.  First scientific 
operation of this new facility is slated for the summer of 2017. 

 
 

 
 

Figure 9.  Schematic and component layout of the C-2W machine. 
 
 

SUMMARY 
 

Over the past year C-2U has substantially added to the capabilities inherited from C-2.  
As such, the combined C-2/C-2U program has demonstrated an impressive list of 
breakthrough achievements:  (1) successful operation and study of advanced beam driven 
FRCs characterized by (a) dynamic formation, (b) fast ion pressure dominated equilibria, and 
(c) successful engineering integration of major system components; (2) discovery of the high 
performance FRC regime identified by (a) synergetic combination of neutral beam injection 
with edge biasing and gettering to feature excellent shot-to-shot reproducibility, (b) FRC 
macro stability and improved confinement, (c) record >11 ms FRC lifetimes limited only by 
transport, and (d) emerging beneficial confinement scaling and coupled core-SOL transport 
barriers; and (3) advanced beam driven FRC sustainment with (a) current drive and plasma 
sustainment in excess of characteristic system and plasma time scales for ~ 5+ ms, and (b) 
such performance limited only by hardware and stored energy constraints.   

These successes provide a strong validation of Norman Rostoker’s conjecture that large 
orbit energetic particles are relatively immune to perturbations of wavelength smaller than the 
orbit size due to phase averaging.  Emerging throughout his career, his vision was to design a 
reactor based on this paradigm.  Specifically, he proposed that a reactor plasma composed 
predominantly of a large orbit energetic particle population will bring about improved 
stability and also a reduction in observable transport [17].  In this sense, the C-2/C-2U 
advances are directly derivative of Norman’s guiding philosophy and form a compelling 
foundation for the ascent towards aneutronic fusion reactors. 
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Lamy Ridge equilibrium code.40 The FRC has a separatrix
radius Rs ! 0:4 m and a length Ls ! 4 m. The closed field
region is surrounded by a thick scrape off layer (SOL), which
is confined axially by two magnetic mirrors. The initial con-
dition for the mirror trap is obtained from fast resistive dissi-
pation (with high numerical resistivity) of the same
equilibrium, until the closed magnetic configuration is lost.
After about 10l s, no closed field lines exist, and the result is
used as the initial condition for the mirror trap simulation.
The density contours and magnetic field lines of the initial
conditions are shown in Fig. 4 for the two cases.

For both simulations, we used a spatial resolution of 150
grid points in the radial direction and 401 grid points in the
axial direction. Both simulations are done using classical

transport coefficients and no neutral beams and no neutrals.
The evolution of the density profile is considerably different
in the two cases. In the FRC, the plasma in the SOL is
quickly lost, while the closed field lines confine the plasma
in the core, resulting in a steepening of the density profile.
On the other hand, in the mirror trap, the lack of closed field
lines does not allow the formation of steep density gradients
and the density decreases much faster. Because of this, the
density evolutions of the FRC and the mirror are markedly
different, particularly the high density in the closed flux
region in later times for the FRC.

The parallel flow becomes sonic at the magnetic mirrors
and supersonic beyond the mirrors in both simulations.
However, the confinement properties of the two configura-
tions are very different due to the presence of closed mag-
netic field lines in the FRC, which provide much better
confinement in the core region and allow the formation of
very sharp density gradients. On the other hand, the mirror
machine simulation shows poor confinement properties, and
it cannot sustain steep density profiles. The closed magnetic
field lines in the FRC also improve the temperature confine-
ment in the core, resulting in higher temperatures and higher
outflow speed. The total temperature is shown for the two
cases in Fig. 5 at t¼ 0.2 ms: In the mirror trap, the tempera-
ture decreases very quickly due to parallel conduction on
open field lines, and at t¼ 0.1 ms, the temperature is less
than 200 eV, while in the FRC, the temperature is higher
than 900 eV in the core. Figure 6 shows the axial velocity at
the axis for the FRC and the mirror trap at t ¼ 100 ls.

We saw in Sec. III that in a plasma column confined
radially by a uniform magnetic field, the parallel velocity at
the ends is equal to the sound speed. When we add two mag-
netic mirrors at the ends of the plasma column, the plasma

FIG. 2. Density contours and magnetic field lines for a simulation with b ¼
0:8 at t ¼ 6 ls.

FIG. 3. Confinement time ŝ vs. b. Dots represent simulation by Brunel and
Tajima;22,23 circles represent simulations by Brackbill;17 solid curves repre-
sent the theory by Brunel and Tajima;22,23 broken lines labeled TW, WM,
and FW represent theories from Refs. 18–21; square dots between error bars
represent SCYLLA experiments in Refs. 15 and 16; and red asterisks repre-
sent our simulations. Most of the data are shown and taken from Refs.
15–17 and 22 and 21 except for the present work in red asterisks. This figure
is built upon the one in Ref. 23.

FIG. 4. Initial equilibrium conditions for the FRC (top) and mirror (bottom)
simulations before outflow occurs. Density contours and magnetic field lines
are shown. Note that in these contour plots, the scales of radial and axial dis-
tances are different to emphasize the visual clarity for the radial structure.
Similar scale differences in Fig. 5 are shown.

092518-4 Onofri et al. Phys. Plasmas 24, 092518 (2017)
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Magnetic	Reconnection	--in	high	pressure	plasma– is	
a	relaxation	from	external	forcing

Horton,	“Turbulent	Transport	in	Magnetized	Plasmas”	[2012,2018]	
3D	works	show	=	nonlinear	interchange	dynamics	->
->	evolves	to	magnetic	islands	and	fast	reconnection	
TT	introduce	this	Research	at	UT	in	1990ies	– with	NSF	grants
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The magnetospheric environment:
Northward “quiet” periods

I Quiet but not dead:
unexpected e�cient
transport between the solar

wind and the magnetosphere

I
Di↵erent mechanisms have been proposed and

observed in order to explain this transport:

I “Lobe magnetic reconnection”a

I Kinetic Alfvén Wavesb

I Kelvin-Helmholtz instability can
e�ciently grow along the magnetospheric
flanksc

1) Velocity shear
2) Northward advected magnetic field

) Unstable equatorial region

a

Gosling JGR 1991
b

Johnson GRL 2001
c

Hasegawa Nat. 2004

K-H instability and Double mid-latitude reconnection

I 3D Hall-MHD simulations of K-H
instability retaining high-latitude
stabilization

I Di↵erential advection (field lines):
- at V

phase

at low latitude
- at 0/V

solar wind

at high latitudes

) Favorable conditions for reconnection
at mid latitudes

I Creates flux tubes closed on the Earth
but partially populated by solar wind
particles: direct entrya

I Can explain the e�cient mixing:
D

e↵

⇠ 109m2/s

I Double reconnection is not simply
related to the N-S symmetry, but to the
braiding and necessary unbraiding of
magnetic field lines

a

Faganello EPL 2012

Kelvin-Helmholtz	along	the	Flanks	of	Magnetopause	produces	North-
South	twisted	magnetic	fields	from	nonlinear	boundary	vortex	flows

W. Horton, M. Faganello, F. Califano, and F. Pegoraro, Substorm Conference, Proceedings Oct 2017
D. Borgogno, F. Califano,  M. Faganello, and F. Pegoraro, Phys. of Plasmas 22,032301(2015) 
A. Otto and D. H. Fairfield, J. Geophys. Res. 105, 21175, doi:10.1029/ 1999JA000312 (2000) 1/23/18
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Northward	IMF	->	Kelvin-Helmholtz	twisted	magnetic	
field	from	THEMIS	data		shows	3D	reconnection

Kelvin-Helmholtz vortices and double mid-latitude reconnection

Fig. 1: (Colour on-line) Left column: ion density, temperature, bulk velocity and magnetic field as detected by THEMIS C.
Right column: ion density, temperature and x, y components of the ion velocity and magnetic field obtained from a cut of the
simulation box at y = −5, z = −15 and t = 396, corresponding to what would be seen by a stationary synthetic spacecraft
surveying the tailward propagating vortices (yellow line in the third frame).

lying in the (y, z)-plane and a velocity gradient stronger in
the equatorial region than at high latitudes. In this way
the K-H instability grows much faster in the equatorial
plane than at high latitudes [22,33] which can thus be con-
sidered as stable during the development of the instability
at low latitude. In our simulations the fast growing mode
at the equator [34,35] corresponds to mx = 2 with mx the
wave number along the periodic x-direction. The reference
values of the sound and Alfvén Mach numbers are set equal
to Ms = U0/Cs = 1.3, MA = U0/UA ≃ 1.0, with U0 = 1.0
and UA the +y asymptotic (magnetosheath) value of the
equilibrium Alfvén velocity in the equatorial plane. The
density jump between the two different regions (y ≷ 0)
is set equal to ∆n = 0.8, reproducing the typical factor
∼ 5 between the magnetosheath and the magnetospheric
density and temperature (we assume a homogeneous ther-
mal pressure for the equilibrium configuration). Note that
the physical values considered here are not strictly equal
to the observed values in the two different regions, indeed
our 3D system represents only a modeling of the magneto-
spheric flank. Nevertheless the 3D model evolution is able
to provide clear qualitative signatures of the K-H vortices
that cannot be predicted by 2D models.

We describe the system evolution by adopting a Hall-
MHD model that includes an adiabatic closure for the ion
and electron temperatures, a small but finite resistivity
(η = 10−3 in normalized units) in the generalized Ohm’s
law [22] together with the diamagnetic term.

In fig. 1 we zoom in on three oscillations between 09:12
and 09:24 UT as a representative case. We show (left
column) the observed values of the ion density, ion tem-
perature, ion bulk velocity and of the magnetic field in
GSM coordinates. The density and temperature exhibit
the typical step-like structures associated with the cold-
dense and hot-tenuous arms of the travelling vortices. The
XGSM -component of the ion velocity is tailward inside
the high-density arms and nearly zero inside the low-
density arms. The YGSM -component, roughly perpen-
dicular to the magnetopause unperturbed surface, shows
bipolar signatures inside the low-density arms. These
“fluid” profiles can be recognized in the numerical data
(right column, upper frame) in a cut of the simulation
box at y = −5, z = −15 and t = 396, correspond-
ing to what would be seen by a synthetic spacecraft sur-
veying the tailward propagating vortices. Furthermore
the observed strong magnetic perturbations (left column,
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Fig. 1: (Colour on-line) Left column: ion density, temperature, bulk velocity and magnetic field as detected by THEMIS C.
Right column: ion density, temperature and x, y components of the ion velocity and magnetic field obtained from a cut of the
simulation box at y = −5, z = −15 and t = 396, corresponding to what would be seen by a stationary synthetic spacecraft
surveying the tailward propagating vortices (yellow line in the third frame).

lying in the (y, z)-plane and a velocity gradient stronger in
the equatorial region than at high latitudes. In this way
the K-H instability grows much faster in the equatorial
plane than at high latitudes [22,33] which can thus be con-
sidered as stable during the development of the instability
at low latitude. In our simulations the fast growing mode
at the equator [34,35] corresponds to mx = 2 with mx the
wave number along the periodic x-direction. The reference
values of the sound and Alfvén Mach numbers are set equal
to Ms = U0/Cs = 1.3, MA = U0/UA ≃ 1.0, with U0 = 1.0
and UA the +y asymptotic (magnetosheath) value of the
equilibrium Alfvén velocity in the equatorial plane. The
density jump between the two different regions (y ≷ 0)
is set equal to ∆n = 0.8, reproducing the typical factor
∼ 5 between the magnetosheath and the magnetospheric
density and temperature (we assume a homogeneous ther-
mal pressure for the equilibrium configuration). Note that
the physical values considered here are not strictly equal
to the observed values in the two different regions, indeed
our 3D system represents only a modeling of the magneto-
spheric flank. Nevertheless the 3D model evolution is able
to provide clear qualitative signatures of the K-H vortices
that cannot be predicted by 2D models.

We describe the system evolution by adopting a Hall-
MHD model that includes an adiabatic closure for the ion
and electron temperatures, a small but finite resistivity
(η = 10−3 in normalized units) in the generalized Ohm’s
law [22] together with the diamagnetic term.

In fig. 1 we zoom in on three oscillations between 09:12
and 09:24 UT as a representative case. We show (left
column) the observed values of the ion density, ion tem-
perature, ion bulk velocity and of the magnetic field in
GSM coordinates. The density and temperature exhibit
the typical step-like structures associated with the cold-
dense and hot-tenuous arms of the travelling vortices. The
XGSM -component of the ion velocity is tailward inside
the high-density arms and nearly zero inside the low-
density arms. The YGSM -component, roughly perpen-
dicular to the magnetopause unperturbed surface, shows
bipolar signatures inside the low-density arms. These
“fluid” profiles can be recognized in the numerical data
(right column, upper frame) in a cut of the simulation
box at y = −5, z = −15 and t = 396, correspond-
ing to what would be seen by a synthetic spacecraft sur-
veying the tailward propagating vortices. Furthermore
the observed strong magnetic perturbations (left column,
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data	compared	with	
Nonlinear	Simulations
3D	K-H	drives	MRC	at
mid-latitudes	from	twisted	
magnetic	field	lines.

Horton_Faganello_Pegararo
…2017	Substorm	Conference

Early	suggestions	from	Toshi	
Tajima	while	at	IFS Austin
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Right column: ion density, temperature and x, y components of the ion velocity and magnetic field obtained from a cut of the
simulation box at y = −5, z = −15 and t = 396, corresponding to what would be seen by a stationary synthetic spacecraft
surveying the tailward propagating vortices (yellow line in the third frame).

lying in the (y, z)-plane and a velocity gradient stronger in
the equatorial region than at high latitudes. In this way
the K-H instability grows much faster in the equatorial
plane than at high latitudes [22,33] which can thus be con-
sidered as stable during the development of the instability
at low latitude. In our simulations the fast growing mode
at the equator [34,35] corresponds to mx = 2 with mx the
wave number along the periodic x-direction. The reference
values of the sound and Alfvén Mach numbers are set equal
to Ms = U0/Cs = 1.3, MA = U0/UA ≃ 1.0, with U0 = 1.0
and UA the +y asymptotic (magnetosheath) value of the
equilibrium Alfvén velocity in the equatorial plane. The
density jump between the two different regions (y ≷ 0)
is set equal to ∆n = 0.8, reproducing the typical factor
∼ 5 between the magnetosheath and the magnetospheric
density and temperature (we assume a homogeneous ther-
mal pressure for the equilibrium configuration). Note that
the physical values considered here are not strictly equal
to the observed values in the two different regions, indeed
our 3D system represents only a modeling of the magneto-
spheric flank. Nevertheless the 3D model evolution is able
to provide clear qualitative signatures of the K-H vortices
that cannot be predicted by 2D models.

We describe the system evolution by adopting a Hall-
MHD model that includes an adiabatic closure for the ion
and electron temperatures, a small but finite resistivity
(η = 10−3 in normalized units) in the generalized Ohm’s
law [22] together with the diamagnetic term.

In fig. 1 we zoom in on three oscillations between 09:12
and 09:24 UT as a representative case. We show (left
column) the observed values of the ion density, ion tem-
perature, ion bulk velocity and of the magnetic field in
GSM coordinates. The density and temperature exhibit
the typical step-like structures associated with the cold-
dense and hot-tenuous arms of the travelling vortices. The
XGSM -component of the ion velocity is tailward inside
the high-density arms and nearly zero inside the low-
density arms. The YGSM -component, roughly perpen-
dicular to the magnetopause unperturbed surface, shows
bipolar signatures inside the low-density arms. These
“fluid” profiles can be recognized in the numerical data
(right column, upper frame) in a cut of the simulation
box at y = −5, z = −15 and t = 396, correspond-
ing to what would be seen by a synthetic spacecraft sur-
veying the tailward propagating vortices. Furthermore
the observed strong magnetic perturbations (left column,
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peak may be shifted with respect to the linearly most unstable
modes; however, the spectrum clearly indicates that longer
wavelength modes are subdominant or stable. This wavenumber
spectral shape profoundly affects both ion and electron
thermal transport, which is also predominantly carried by low-k
(ion-scale) fluctuations. The measured spectral shape sharply
differs from wavenumber spectra measured in the core of
tokamak low confinement mode (L-mode) plasmas and
linear confinement devices, where the fluctuation amplitude
typically decreases monotonically with increasing normalized
wavenumber32,33. We can conjecture that the large ion Larmor
radius in the FRC core region stabilizes ion-scale modes9–11. This
conjecture will be examined further below.

The SOL spectrum, on the other hand, peaks at low kyre and
decays exponentially with increasing wavenumber, with a decay
constant of akB0.16 (the corresponding exponent for the decay

of the fluctuation energy density, proportional to (ñ/n)2, is
B0.33). Here, the local electron- to ion temperature ratio is
Ti/TeB3.7. The observed fluctuation power density at the lowest
measured wavenumbers is more than two orders of magnitude
higher than in the FRC core. Exponential spectra have been
observed in linear and toroidal confinement devices, for example
in the core of tokamak low confinement mode (L-mode)
plasmas32,33. These spectra are however dominated by much
lower normalized (poloidal) wavenumbers (kyrsr2), consistent
with dominant ion-temperature-gradient and/or trapped electron
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Figure 3 | Radial profiles of the normalized density fluctuation level and
plasma density. (a) Radial profile of the normalized density fluctuation
level ñ/n at different times after compact toroid (CT) merging (t¼0).
The fluctuation levels measured via Doppler Backscattering28–30 have been
calibrated via comparison to Far Infrared Scattering (FIR) data54. The
error bars represent the standard variation (s.d.) of the measurements.
(b) Plasma density profile measured via carbon dioxide (CO2) laser
interferometry53 at three different times t. Typical Doppler Backscattering
(DBS) probing radii (cutoff layer locations) are indicated by orange circles.
The size of the thermal ion gyroradius, averaged along the field line length,
is indicated at different locations in the closed fieldline region and in the
scrape-off layer (SOL).
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Figure 4 | The toroidal wavenumber spectrum of density fluctuations
measured via Doppler Backscattering. (a) Normalized density fluctuation
ñ/n level versus toroidal wavenumber normalized to the electron gyroradius
kyre in the field reversed configuration (FRC) core inside the separatrix and
in the scrape-off layer (SOL) (shots #29587–29610; #29750–29802). re is
the electron Larmor radius. The Doppler Backscattering28–30 sensitivity
limit is indicated in the figure (grey bar). (b) measured toroidal
wavenumber spectra in the core plasma and in the scrape-off layer, plotted
versus toroidal wavenumber normalized to the ion sound gyroradius kyrs.
An inverted core wavenumber spectrum is observed for kyreo0.05
(kyrso7) indicating that long wavelength (ion) modes are not present. The
SOL spectrum shows the highest fluctuation levels at low wavenumber, and
the fluctuation level decays exponentially with increasing wavenumber. The
error bars represent the typical standard deviation (s.d.) of the
measurements. The fluctuations observed in the C-2 FRC core are
qualitatively consistent with low frequency (oooci, where oci is the ion
cyclotron frequency) electron drift/interchange modes (with a toroidal
wavenumber range 0.05rkyrer0.45).

ARTICLE NATURE COMMUNICATIONS | DOI: 10.1038/ncomms13860

4 NATURE COMMUNICATIONS | 7:13860 | DOI: 10.1038/ncomms13860 | www.nature.com/naturecommunications
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Norman	C-2W	Density	fluctuations	from	the	Doppler	shifts	Back	Scattered	RF		X- and	O-mode	Beams



Density	Waves
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Magnetic	Fluctuations		\phi2
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Electric	Potential	Fluctuations		\phi1
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Ion	Temperature	Fluctuations		\phi4	
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Mathematical	Methods	required	for	
Relaxation	Dynamics
• System	of	nonlinear	PDEs	for	4	to	6	plasma	fields	in	3D.	
• Examples	here	for	\ phi	1,2,3,4	(x,y,z,t)	with	a	specified	machine	flux	
function		we	call	\psi5	(x,y)		

most significant hallmark has been the relative absence of density fluctuations in the FRC 
core next to edge turbulence localized outbound of the separatrix.  This has been widely 
credited to the large orbit particle conjecture of Norman Rostoker.  As conjectured in the 
1990s by Rostoker and Binderbauer [17] a dominant population of large-orbit ions in beam 
driven FRCs, such as in C-2U, can average out short-wavelength fluctuations and as such 
substantially stabilize both macroscopic and microscopic modes.  The latter effect also 
suppresses transport driven by microscale modes.  On the other hand, modes on the 
pronounced sub-ion gyroradius scale are not strongly influenced by large-orbit ions as 
evidenced by the presence of anomalous electron losses in C-2U.  Nonetheless, the observed 
core plasma quiescence and small-scale structure of the observed micro-turbulence, together 
with the reported shear based fluctuation suppression, leads to dramatically reduced transport 
losses and the favorable strong positive correlation between Te and the electron energy 
confinement time, τEe, as τEe ∝ Te

1.6 and reported in [10].  Further details on the 
measurements and characteristics of the turbulence can be found in the paper by Schmitz et al., 
also included in this set of proceedings [18]. 

From previously reported results, there is a rich interdependence between the FRC core 
and the edge plasma or so-called scrape off layer (SOL).  In fact, particle and energy transport 
times across these regions are sequential, meaning that particles and energy experience 
sequential core and SOL transport processes on their migration to the outside.  At the same 
time, the processes and underlying time scales are also coupled. 

 

 
 

Figure 5.  Temporal evolution of core electron temperature under flared and regular magnetic fields in the end 
divertors. 

 
 

 
 

Figure 6.  Magnetic topology of (a) flared and (b) regular magnetic fields in C-2U end divertors. 
 
A new example that emerged out of the C-2U data, is the fact that topological changes in 

the magnetic field in the far downstream divertors can have a profound impact on the core 
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Each	time	step	in	kx,ky,kz and	x,y,z space	=	pseudo-spectral	code	
Boundary	conditions	applied	with	absorbing	Mask	shaped	like	the	walls	
of	the	machine	PDEs	and	a	core	energy-plasma	sources.	

radial	coordinate	=	x		
length	coordinate	=	y	and
z	=	angle	around	y	axis	
[aka		”tokamak	–like”	coordinates]	
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Plasma	Flux	Tube	with	test	particles	[dust]	-Goes	
unstable	from	3D	dynamics	of	R-T	and	K-H	
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• There	is	wide	similarity	in	the	plasma	dynamics	from	the	laboratory,	to	
magnetospheres	and	into	solar/astrophysics	Plasmas.	This	is	inspiring	to	
all…scienitists,engineers	and	the	public!
• TT	teaches	us	Examples	from		accelerators,	magnetospheres,	
solar/astrophysics	[mother	nature!]	- helping	us	see	that	we	can	build	
and	produce	fusion	power!	
• New	Tools	-- Bigger	Simulations	…GK-PIC	tools	and	Global	View	- Beat	
Wave	Accelerator,	Magnetosphere,	Tokamaks	and	many	New	
Confinement	geometries!
• Enjoys	leading	and	inspiring	his	colleagues	with	NEW	IDEAS --
Gives	us	a	genuine	message:	we	are	NEEDED	!

Conclusions	&	Lessons	from	TT	the	Transformer
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