- N

Entropy cascade in gyrokinetic
phase space

Tomo Tatsuno
Center for Multiscale Plasma Dynamics
Center for Scientific Computation and Mathematical Modeling

The University of Maryland

Collaborators:

W. Dorland, M. A. Barnes, R. Numata University of Maryland
A. A. Schekochihin Imperial College
G. Plunk University of California at Los Angeles
S. C. Cowley UKAEA Fusion Association
G. G. Howes University of lowa

o |

Entropy cascade in gyrokinetic phase space —p.1/21



outline

- N

1. background

2. theoretical argument
3. simulation

4. summary

o |

Entropy cascade in gyrokinetic phase space — p.2/21



outline

- N

1. background

2. theoretical argument
3. simulation

4. summary

o |

Entropy cascade in gyrokinetic phase space — p.2/21
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phase mixing
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ES gyrokinetic equations

fEIectrostatic dynamics of kinetic plasmas homogeneous along the field. T
® GKions (0, =0)

oh z qFo 8<¢>R.

E_v<¢>RXB—O Vh={C(N))r =",

® Quasi-neutrality with no-response electrons (Q4 = ¢%no/Tp)

Qoo =a [ (1), dv.

® C(Conserved quantity (w/o collisions)
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no response?
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electron GK egn (k| p. < 1) Boltzmann resp.
B
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h. is Maxwellian and the first order equation yields ///
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dimensional analysis

fEntropy flux
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L A. A. Schekochihinetal., arXivs: 0704.0044
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collisional cutoff

-

collisional dissipation real and velocity space
vtzh 1 v 14
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collisional cutoff (Dorland number)
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fd

eveloped and maintained by G. Howes, M. Barnes,

AstroGK
=

R. Numata, W. Dorland and T. Tatsuno based on Gs2.

9

© o o o ©

Fourier spectral in z-y (perp to field line)

2nd order centered FD in z (along field line)

Legendre spectral integral in velocity space

2nd order implicit trapezoidal scheme (linear convection)
3rd order Adams-Bashforth scheme (nonlinear term)

implicit Euler scheme
(p-a scatt. 4+ energy diff. w/ mom. cons. collision)

open source code: http://www.physics.uiowa.edu/ ghowes/astrogk/
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AstroGK strong scaling

Recent upgrade improved parallel scaling
Good scaling up to 16, 384 processors

AstroGK Strong Scaling Performance
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collision operator

-

pitch-angle + energy diffusion + moments conserve

C(hg) = L(hg) + D(hg) + UL(hg) + Up(hg) + E(hyg)

where
vp O Oh k2v?
L) =25 [ - FE - Lovni+ €m
0
1 (9 4 3 hk k2’U2 2
Dhe) = 535 (VW FO%F() T V(1 —&)hy

See Michael Barnes’ poster.

|. Abel et al.: theory, submitted.
M. A. Barnes et al.: numerical implementation, submitted.
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geometry & initial condition

straight homogeneous slab: L, = L, = 2.

initial condition (decaying turbulence)

g = C(cosx +cosy)e ¥,

where C' is an amplitude corresponding to 7, ~ 1 and

g — h — qFQ<gb>R/T.
run table

case Ui Do—3/5 | resolution
(a) 0.01 15.85 | 642 x 322
(b) | 2x 1073 | 41.63 | 1282 x 482
(C) | 8x107% | 72.13 | 2562 x 727
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time evolution

fResuIts from case (c): 2562 x 727 T
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averaged spectra
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ave number spectra averaged over 10 < t < 14.
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# potential spectra agrees perfect with theory

# dist func has steepening in high £, regime
— probably from dissipation through velocity space?
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velocity space structure

Snap shots @ ¢ = 10
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velocity space spectra — preliminary —

fHankel transform T
gk (p) = /Jo(pm)gk(’v) dv

Energy spectra

Ex(p) = plor(p)|?
Data taken from case (b):

40 log E(k @t 10
35 Og(lp) ,,,,,,,,,,,,,,,

30
25
=
> 20 r
o
15 r
10 |
5 -
0

L o & A M O N A

O 5 10 15 20 25 30 35 40 45 -1 2 5 10 20 50

LSee Gabe Plunks presentation. J
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summary

fWe have made 4D simulations of decaying entropy cascadeT
o first step to the understanding of turbulent dissipation
# energy spectra agree with theoretical prediction

—4/3 ~10/3.

W, ~ k] Wy~ k|

# observed nonlinear phase mixing
s perpendicular phase mixing

Future plan

# velocity space spectra

o effect of ITG/ETG — inverse cascade
® driven & 5D simulations

|
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two-species runs

fParameters & time evolution T
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solar wind observations

b

ISsipation range spectra varies on observations.
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Bale et al.® Leamon et al.” Smith et al.°
# with or without KAW cascade?
“Bale et al., Phys. Rev. Lett. 94, 215002 (2005).
°| eamon et al., J. Geophys. Res. 103, 4775 (1998).
“Smith et al., Astrophys. J. 645, L85 (2006).
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