
Magnetic Confinement Theory 

Summary 

TH Contributions = 191 

 

Transport & Confinement > 40% Gyro kinetics, turbulence, heat, 
particle and momentum transport 

 

Edge Pedestal ~ 20% -- ELMs, 3D effects 

 

SOL & Divertor – heat flux on targets, 3D, coupling to core, plasma-
wall interaction  

 

MHD stability & Disruptions – emphasize on Runaway Electrons 

 

Energetic Particle physics – AEs, EPMs, associated transport 

 

Integrated Modeling  

 

 

 

 



Transport and Confinement 



TH/P3-2: Characteristics of turbulent transport in flux-driven toroidal plasmas 

We have presented an overall picture of ITG driven  turbulent transport, a long-standing problem 
over 30 years, by achieving global flux-driven gyro-kinetic toroidal system sustained by heat source 
and sink incorporated with generation of global mean radial electric field.  

Temporal evolution of heat flux,  
radial electric, and scale-length 

 time

4 types of transport event ( 3 non-diffusive) 

Radially extended global ballooning type 
modes with meso- to macro scale causing 
instantaneous and intermittent bursts 

Radially Localized avalanches with fast time 
scale toward both core and edge 

Radially localized avalanches with slow time 
scale coupled with the evolution of ExB shear 
layer and  pressure corrugation 

Neo-classical transport and diffusive part of 
turbulent transport 
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Instantaneous phase alignment of small 
eddies leading to extended structure 

• Resilience and stiffness in profile 
weakly depending on heating 

• Self-similarity in relaxation  
keeping specific function form 
and SOC type intermittent bursts. 

c T i~ L  TL

Characteristics of transport 

Size scaling of heat flux eddies 

Y. Kishimoto, K. Imadera, H. Liu, W. Wang, K. Obrejan, J.Q. Li., Kyoto University 



1. In addition to bifurcation in Improved
      Confinement, transport hysteresis
      in core plasmas is widely observed.

(LHD, DIII-D, and is highly plausible
 in TJ-II, KSTAR,….)

2. The core hysteresis involves two elements:
1. Direct influence of heating on transport/fluctuations
2. Interaction at long distance

3. A theory is developed to explain that
‘The heating heats turbulence’.
It is attributed to a possible origin of
hydrogen isotope effect on confinement time.

S. I. Itoh, et al. Nucl. Fus. 57 (2017) 022003

4.  This hysteresis has the impact on the ‘time scale’ (at transition
and back-transition) in the control system of fusion devices.

Hysteresis and Fast Timescale in Transport
Relation of Toroidal Plasmas

OV/P-8
by K. Itoh, et al.

LHD, Inagaki et al.

Enhancement
by heating

Driven by 
gradients



TH/P2-‐27:	  A	  New	  Understanding	  of	  the	  Bootstrap	  Current	  in	  
Steep	  Edge	  Pedestal	  
R.	  Hager,	  C.	  S.	  Chang	  

•  The	  bootstrap	  current	  in	  the	  H-‐mode	  
pedestal	  has	  been	  studied	  with	  the	  
global,	  gyrokineIc-‐neoclassical	  code	  
XGCa.	  

•  Contrary	  to	  convenIonal	  neoclassical	  
theory,	  the	  trapped	  parIcle	  contribuIon	  
to	  the	  bootstrap	  current	  can	  be	  
significant	  in	  realisIc	  tokamak	  geometry,	  
especially	  in	  spherical	  tokamaks.	  

•  A	  new	  bootstrap	  current	  formula	  valid	  for	  
the	  H-‐mode	  pedestal	  has	  been	  developed	  
based	  on	  numerous	  XGCa	  simulaIons	  in	  
different	  realisIc,	  diverted	  tokamak	  
equilibria.	  It	  includes	  correcIons	  for	  large	  
trapped	  parIcle	  fracIon	  and	  finite	  orbit-‐
width	  effects.	  
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TH/P3-21: Nonlocal Plasma Response to Edge Perturbation in Tokamak

by M. Yagi et al

Contour Plot of Fluctuating Electron Temperature at t =10900.

Time evolution of mean electron temperature 
(in poloidal Alfven time unit).

Nonlocal response of electron temperature 
fluctuation is investigated using 5-field RMHD 
model. 

Density source and cooling sink are introduced 
into density and electron temperature 
evolution equations, respectively.

After density source and cooling sink are 
turned on near the edge (t = 9500)     ,  
the mean electron temperature increases 
at the central region     .
The profile relaxation occurs after density 
source and cooling sink are turned off
(t = 10500). Meso-scale mode (streamer) plays 
a role for profile relaxation (t = 10900)        .

t =		9500
t =10500
t =10900
t =11500
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• Simulations with GTS gyro-kinetic 
code reproduces reversal of 
core intrinsic rotation

• Experimental scaling determined 
in joint study with JET
– Favorable scaling still leads to 

relatively low level of rotation

r* Scaling of Intrinsic Drive Projects to a Torque Comparable to 
that from Neutral Beams on ITER

Although intrinsic rotation projected to 
be low, profile effects may still lead to 

improved performance
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TH/P3-1	Full-f	gyrokine5c	simula5on	including	kine5c	electrons		
Y.	Idomura	(JAEA),	Y.	Asahi	(JAEA),	N.	Hayashi	(QST),	H.	Urano(QST)		

ECRH	modula5on	tokamak	experiments	
observe	rota5on	changes	without	torque	input	
•  Important	for	rota5on	control	in	ITER	
•  Fast	profile	changes	in	~10ms	
•  Momentum	transport	is	largely	unknown	
	

Electron	hea5ng	modula5on	numerical	
experiments	using	full-f	gyrokine5c	code	GT5D	
•  New	kine5c	electron	model	[Idomura,JCP16]	

•  Full-f	ITG-TEM	simula5on	over	~20msec	
•  Ion	hea5ng	is	switched	to	electron	hea5ng	

Valida5on	against	ASDEX-U	[McDermo_,PPCF11]	

•  Transi5on	from	ITG	(ω<0)	to	TEM	(ω>0)	
•  Density	peaking	in	TEM	phase	
•  Rota5on	change	in	ctr-current	direc5on	
→Toroidal	angular	momentum	balance	shows	
rota5on	drive	induced	by	par5cle	transport		



Physics behind role of electron heating in avoiding W 

accumulation is further clarified 

 Electron heating increases W turbulent diffusion to offset neoclassical convection 

 Nonlinear GK simulations find W diffusion is maximum when Qe ≈ 1.5 Qi  

 In AUG, W peaking factor decreases with increasing electron heating fraction 
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 At high ECH power, hollow core W densities in the presence of MHD (1,1) modes 

GKW  ( Nonlinear ) 

Angioni et al TH / P2-6 

 Combined JET and AUG analysis leads to the expectation that neoclassical transport 

is reduced in a reactor plasma 



Synergetic effects of neoclassical and 

turbulent processes on impurity transport 

X. Garbet, 26th IAEA FEC, 21 Oct. 2016 |  PAGE 1 

• Turbulent Reynolds stress drives flow poloidal convective cells 

 →  poloidal asymmetries of the impurity density → change 

neoclassical impurity flux 

R 

Z 

R 

Z n=0 impurity density 

Esteve 15 

n0 impurity 

density 

X. Garbet TH/3-1 




