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Summary of Physics Studies with FACETS
• Investigate the plasma transport in plasma core including the H-mode pedestal 

region
– Paleoclassical transport in the plasma edge region near the separatrix

• Particle transport including the effect of neutral fueling

– ETG thermal transport at the top of separatrix

– Study of model stiffness
• Dependence on the boundary conditions 

• Effect of plasma current evolution on the model stiffness

• Verification studies
– Anomalous transport GLF23 and TGLF models using XPTOR and TGYRO codes

– Neoclassical models for bootstrap current in FACETS and TRANSP

• Study of ELM crashes using 
– Reduced model for ELMs

– BOUT++/FACETS interface

– ELM mitigation

• Evolution of toroidal (and poloidal) momentum
• ITER studies
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Paleoclassical model is implemented in FACETS

� J.D. Callen et al. Proc. of 21st Fusion Energy 

Conference (16-21 October 2006, Chengdu, China) 

IAEA-CN-149/EX/P3-2)

� Currently, the paleoclassical model in FACETS uses simplified 

expression for the parallel neoclassical resistivity that should be 

replaced with the neoclassical resistivity computed by NCLASS
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Paleoclassical model has been previously 

verified in the ASTRA code
�DIII-D discharges

� 98889

� 77557

� 77559

� 99411

� 118897

�JET discharge 

� 38285

� 38407

� 32745
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ASTRA simulations for DIII-D discharge 98889
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Paleoclassical model in FACETS 

for DIII-D discharge 98889

• Both Dηηηη and particle flux looks ΓΓΓΓe
very reasonable

• However, the effective electron 
thermal paleoclassical diffusivity 
unexpectedly increase near the 
magnetic axis

• Definition of magnetic multiplier M 
need to be revisited
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ETG models in FACETS code
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ETG Horton Model for Electron Thermal Transport

• Developed as generalization of hydrodynamic theory for short wavelength 
ETG turbulence with electromagnetic effects†

• Calibrated using fast wave electron heated Tore Supra discharges with hot 
electrons (Te > 2Ti)

• The electron thermal diffusivity is given by:

( )

3/ 2

2
,

(0)

2

,1/ 22

1 ,

,

ees ese e
e e L c e e

Te T i

e

em ese
e c e e

pe Te

s Tc TR
C q T C l

L eB qR T

c
C q l

L R

ν

       ρ ∇ − + ≥ δ       
       χ = 
 < δ ω

v

where q is the safety factor, δe is the collisionless skin depth,
and          are semi-empirical parameters0ν ≈

†W. Horton, Phys. Fluids 31, 2971 (1988); W. Horton et al, Phys. Plasmas 7, 1494 (2000)
W. Horton et al., Comments Plasma Phys. Control. Fusion 13, 207 (1990).
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Modified Horton Model for χχee

Jenko formula introduced for (R/LTe)
cr in the Horton model forχχee

(0)(0)::

• Cth is a parameter that characterizes the width of the transition region as a 
function of the electron temperature gradient
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cr is

50Th Annual Meeting of the DPP -Dallas TX Nov. 
2008
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Effect of the boundary conditions –

DAKOTA study
(http://dakota.sandia.gov/)

• Illustration of model stiffness
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FACETS/XPTOR Verification
• Input profiles are exactly the same

• Gyro-Bohm factor is direct result of input 

parameters and profiles and is computed in 

the GLF23 interface
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FACETS/XPTOR Verification
• There is still significant difference in results

• GLF23 wrapper in XPTOR is more extended 

comparing to the NTCC version that is being used in 

other codes (ASTRA, TRANSP, JETTO and others)
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Suppression of anomalous transport
� Total ion and electron thermal transport includes 

several major contributors
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ExB flow shear rate and radial electric field
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Baseline time-dependent modeling scenario

• Total neutral beam heating 

deposited to electrons and ions is 

6 MW

• Power deposition and particle 

density profiles based on 

experimental data

• With realistic auxiliary heating, new 

model predicts 

– Reasonable central electron and ion 

temperatures

– Spontaneous pedestal formation and 

triggering of ELMs



Pankin FACETS 2011

ELM crash in details

Magnetic shear 
evolution with time

ELM crash occurs 
when αMHD hits αcr

αcr

ELM crash

One ELM cycle on 
s-α diagram

Magnetic shear
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