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Calculate numerically

the mono-energetic
transport

coefficients, (for
example using DKES).
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For given n and T profiles, calculate the particle fluxes as a
function of the unknown E,

n ZekE, 3T T
M= —nL11 ( - ? - 27_) — nng?, (1)
2 [ 3 K

with i = 1,2, 610 = L1p/L11. E, is then found by satisfying the
ambipolarity condition on each flux surface.

e =Zl;. (3)
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» In the transition region, multiple solutions exist.
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> Maxwell construction results in an infinitely steep transition.

» Diffusion model includes a free parameter.
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Comparison between local and global theories
Drift kinetic equation solved in EUTERPE:

2 >0 i -Oi N _ | p1 0 .1 0

oR " oy
Transport E, calculation R! RO
Local Ambipolarity v + VB + VE, «B v + VE, xB
Global Quasi-neutrality eq. V| + VB +VExB | V| + VB + VExB
\-,”17 ‘-,‘(‘J ‘ » vg drift acts on f.
aB + 3£ B ‘ » Includes poloidal and tor<?|da|
E T EnB ‘ components of the electric

potential.
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Self-consistent global simulations
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Vertical lines denote the inflection point of
E,, r;, and its zero, ry correspondingly.
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Neoclassical fluxes

= E
£ . g w0
B ——lon root, neotransp = ——-lon root, neotransp
ey - Electron root, neotransp § 30 -~--Electron root, neotransp
g 10 —— EUTERPE 5 2 —— EUTERPE
2 a
H £ \\_/
g5 2
bil g o
] - 8
20 § -10
< £
s 0.0 01 02 03 04 05 g 0.0 01 02 03 04 05
rim] @ riml
= =~ Bl =
B > 2 N
So06 AN < .
x Z
El S
<04 3
& g0
202 <
5 0. c
< £-1
s g
0.0 °
o
X . 0.0 01 02 03 0.4 05
5 120 rim] 1e20 riml
- 4 AN
=
35 2
c
§
50
°
i
0 -2
3 0.0 01 02 03 04 05
r[m] r[m]

Orange lines represent 1-¢ fluctuations in the time series.
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Study: scaling of the plasma parameters

The system depends on three dimensionless plasma parameters.

vth,i Te (4)

* thh,i *

vi = pi = T=—=
1 ) ] ) )
Vih,i Q;a T;

Explore the solution space by changing one parameter, while
keeping others fixed. Example, 7 scaling:

T, = Texp,ia N = Nexp, Te= ar (TEXP@ - TeXPJ) + TeXP”" (5)
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Local theory expectations

Necessary (but not sufficient!) requirement for electron roots
existence:

Ll/y
1}6 >1 (6)
Ll].l

It follows that:

« \3/7 4/7
yr ([ r v b1o
T2 T Hije (a eeffp?> <€t> ' ()

The unique radial location that satisfies 7 = c¢7y, ¢ € R is denoted

as ry
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7 scaling of transition position
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T = Texp,ia N = Nexp, Te= 0o, (Texp,e - 7—exp,i) + Texp,i- (8)
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7 scaling of transition region length
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T = Texp,ia N = Nexp, Te= 0o, (Texp,e - 7—exp,i) + Texp,i- (9)
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7 scaling of maximum value of the electric field derivative
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Te = 0r (Texp,e - TeXp,i) + exp,i- (10)
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Phenomena unexplained by the local theory
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(a) Transition does not appear (b) Transition outside of the overlap
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Summary

1. EUTERPE is now capable of calculating the global, radial
electric field self-consistently.

2. Scaling behaviour of the transition location is understood
qualitatively via the derived criterion (ry).

3. The code is a viable tool in understanding phenomena outside
of the scope of the local neoclassical transport theory.
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Outlook

1. Global, non-linear turbulence simulations with the
self-consistent, global, neoclassical electric field.

Combining neoclassical and turbulent simulations in one.

Simulations of the 3D structure of the electric field with
magnetic islands.
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ITG simulations without E,
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Figure: 1.2 gyro-Bohm units
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ITG simulations with E,
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Figure: 1.09 gyro-Bohm units
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