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A foreword on the tool: GYSELA

Guiding-centre
8t? +vg - VJ_I_C +vp - VJ_F + V||V||1?—|— V.|| a‘,”l_c = C(f)

Particles

SV [V00] + 2 (60— (0)) = 22 [ vy (F — Fue)

® electrostatic, adiabatic electrons
© global & full-f

GYSELA 5D

Include NC physics to GK ™ discussion on C(f)
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Neoclassical theory with GYSELA

Neoclassical = ion—ion collisions (adiab. electrons)

_ __ collision freq.
I’ 2 Uy = Vs =

_ gRy v . with v — 4\/mn;Z%e* log A
transit freq. vy, €3/2 ! e 3m? vy,

Small causes. ..

Xne <K Xturb ™~ Xexp ) TNC 2> Tturb

... with strong possible effects
collisions ™ linear damping {MF+ZF} m transport level

Ultimately: /%" w impact on transport ?
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Small causes. .
Physics: friction force
Chosen operateur

Friction force between trapped and passing

trapped (vp) = 0 (sym.) # passing
w preferred interaction: loss cone
 regularisation in v

modelisation : friction force

Distribution function (a.u.)

— w/o collisions
— with collisions|

-V, Ve

Vi ! Vi

vV, Ve

Complex general framework: Mini. model ™ max. physics ?
O relax. f — fypaxwen ™ full-f (bulk+fluct.)
® model the boundary layer m diffusion

® analytically ™ exact neoclassical regimes
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Adopted operator: on v| only

GYSELA : efficient parallelisation on p (MPI + OpenMP)

d

" operator on v a

f =0, (Do, f-vr)

Il 2 M — _ﬂ

D(r,v)) Vi

m exact neoclassical regimes

D & V operators (a.u.)

exact V - I=INC

Diffusion

|

Convectior\ /
| |

-5

0 5
Vii ! Vin i

mnd.V = en(E + V x B) —Vp—V-ﬁ —mnvie(Ve — Vi)

drawback: parallel dissipation ;.

11y Vii

selects (v;) =0
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© Neoclassical transport: results
w without turbulence (VT; < VT;.)

@ Interplay: neoclassical effects & turbulence
w above ITG threshold
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Euratom-Cea  |yicrpoy ool ot =0
Neoclassical transport: verifications
A T/ T.]-1
® Operator C only: 0;f = C(f) - [u(i))/vf]
05—
e Relaxation towards Maxwellian 3 chH=0
Y V|| s L
w gyaranteed by — = ——- 00—
& d D Vt2h F
L4 Tcaract. OK 05 -_'-.l- 1 I | 1 I | I
0 200 400

® Equilibrium: dfe,/dt = C(f)

vo=0=vg+Vv* = E xVp
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Subtle neoclassical results (1/3)

® NC thermal transport: xyc = —Q /nVT

10°
o E Theory
S0
SO
z 107 g
= 2
g L
= 10 §—
10_4 III| IIIIILL|J IIIIIL|,|J IIIIILL|J IIIIILL|J LIl

10* 10° 10% 107 10° 10" 10°
Collisionality v"

theoretical prediction: [Chang, Hinton '86]
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Subtle neoclassical results (1/3)

® NC thermal transport: xyc = —Q /nVT

10°
2 E Theory [
i: 10"
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Z210°F
= E
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£ 10° B GYSELA
a F m
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10* 10° 10% 107 10° 10" 10°
Collisionality v"

theoretical prediction: [Chang, Hinton '86]
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Subtle neoclassical results (2/3)

@ lon poloidal rotation vy, ; reverses sign with v,

1
> r
z2 F
s [
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T o0
=
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Q
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2 -1 Th
[0 eo
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10° 10 10’ 10° 10

Collisionality v*
theoretical prediction: [Kim, et al. '91]
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Subtle neoclassical results (2/3)

® lon poloidal rotation vy, ; reverses sign with v,
mndeV =en(E+V x B)—Vp—V -0 —mnvje(Ve — Vi)
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Collisionality v*
theoretical prediction: [Kim, et al. '91]
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Subtle neoclassical results (2/3)

® lon poloidal rotation vy, ; reverses sign with v,
mndeV =en(E+V x B)—Vp—V -0 —mnvje(Ve — Vi)
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Collisionality v*
theoretical prediction: [Kim, et al. '91]
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Subtle neoclassical results (2/3)

® lon poloidal rotation vy, ; reverses sign with v,

mndeV =en(E+V x B)—Vp—V -0 —mnvje(Ve — Vi)
1

>
3
S
(0]
Vie(Ve — V) m v;V; = 0
°
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— a
exact V - Myc m v)'¢ 2
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1S I | Simulations GYSELA
o B | | ] X X
z L
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10° 10" 10’ 10° 10°

Collisionality v*
m  New result
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Association
Euratom-Cea

Subtle neoclassical results (3/3)

@® Collisional damping of {zonal + mean} flows

0.2
—-= Theory (w/o GAMSs)
2 N
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time / T,

theoretical prediction: [Hinton, Rosenbluth '99]
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Subtle neoclassical results (3/3)

@® Collisional damping of {zonal + mean} flows

0.2

— GYSELA

= —-= Theory (w/o GAMSs)
Z 0.1
E=3
E
0.0
00 0.1 02 03
time/rii

m Crucial for synergy (?) with turbulence
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@ Neoclassical transport: results
w without turbulence (VT; < VT;.)

® Interplay: neoclassical effects & turbulence
m above ITG threshold
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Coll. & turbulence: crucial players for transport

Naively : collisions " m dissipation " m turbulence ™\

0.8 T T T
~ 06}
k=
but ... < v
=7 04
LAVt
< | ‘
i , xR 02} E
GTC result: [Lin, et al. '99] g
0.08. t ' :
0.0 0.1 02 03 0.4
U*

More efficient: collisions ,* m {ZF 4+ MF} \, m turbulence

® accurately describe collisional damping {ZF + MF} — OK
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Interplay with the turbulence

P : VvV = 0.5
2 -
] L
o T
= 20F v =0.1
o B
: —
Ne) -
S -
l_ —
: AVE 0
oL | 1 | |
0 10 20 30 40x10°
time x O

w preliminary work: interpretation in progress
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Opposite effects involved

Neo. transport: results Effect on transport Ce:]

20 T
—o— v, =0.003 3x10° - R
Q v, =007 o [ -
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¢} < i
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Heuristic model:

Xo ve /" xo=%/(kI) —kixne \
1+av2,p ve /' AMF+ZF} . vexe "\

Xturb =
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Perspectives, open questions

GYSELA is addressing gyrokinetics + neoclassical theory

> will turbulence significantly affect 1 (v # vye) ?
D NC(turb) 7 Xt (v,) ?
2 if synergy ...due to ZF 7 (distance to lin. threshold ?)
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Euratom-Cea

Numerical strategy in GYSELA

Eulerian Particle-in-Cell (PIC)
Dissipation Noise
t
o o high order scheme &f + optimized loading

nv

GYrokinetic SEmi-LAgrangian code

. . O
Semi-Lagrangian t
follow trajectories backwards ;
on fixed grid (weak noise, moderate dissip.) 4 -
Full-f of
Flux-tube Global, Full-Torus
small scale structures large scale events

GYSELA 5D
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Conservation properties

mnd,V =en(E+V x B) —Vp—V-N—mnve(Ve — V)

e Momentum conservation: transfert over electrons
e Adiabatic electrons: V. =
e A priori, oo% of solutions ; GYSELA = (V|;;) =0
® ji,e = Jj,i "® solution with vanishing parallel flow

e Turbulent friction: vy > Ve
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Friction force in the v
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Zonal flows and collisions
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