N

HAL

open science

On the road to Kubo > 1:

Alejandro Guillevic, Maxime Lesur, Xavier Garbet, A. Ghizzo, Etienne

Gravier, Guillaume Lo-Cascio, Thierry Réveillé, Debraj Mandal

» To cite this version:

Alejandro Guillevic, Maxime Lesur, Xavier Garbet, A. Ghizzo, Etienne Gravier, et al.. On the road
to Kubo > 1:: Quasi-linear theory in 1D plasma. Festival de Théorie 2022, Jul 2022, Aix-en-Provence,

France. hal-04595326

HAL Id: hal-04595326
https://hal.univ-lorraine.fr /hal-04595326

Submitted on 31 May 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.univ-lorraine.fr/hal-04595326
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

LINSTITUT UNIVERSITE
J»U E JEAN LAMOUR @ @DELORRAINE

www.ijl.univ-lorraine.fr

On the road to Kubo > 1: Quasi-linear
theory in 1D plasma

Alejandro Guillevic

M. Lesur, X. Garbet, A. Ghizzo,
E. Gravier, G. Lo-Cascio,

T. Réveillé, D. Mandal, —
and open to contributions —

July 7, 2022 e —
=




In a nutshell:

Diffusion scales as E3/% at high amplitude

turbulence
e Charged particles in an turbulent E field
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> Diffusioninv: v =E
At small E: D < E?

For larger Kubo and longer time scales —

v
D < E3/2 .-
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Context
Turbulence in nature

e Rapid fluctuation of physical parameters

[Lecture, Yale univ., 2014]
» In plasmas:

[Guillaume Lo-Cascio,

[F. Califano, Frontiers, 2020]
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Context
Collision-less 1D Plasma turbulence

e Geometry:
> Dynamics happen in 1D /‘/r—ﬁ,—L;er\

> Periodic limits

e Ina 1D plasma
» Diffusion in velocity v
— Plasma heating
— Instability triggering

e Types of 1D turbulence:
» lon-acoustic
» Langmuir

> w = C°™t (Artificial)
[F. Doveil & D. Gresillon, PoF, 1982]
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Analytical model

1D random motion of charged particles

Electric field: E

Particle motion

(%

L} X Diffusion

(velocity)

e Describe diffusion, in 3 regimes of increasing E':

> D « E?: Quasi-linear theory
» D « f(E) : Resonance broadening
> D o E3/27

c oo INGTITUT @ @ uuuuuuuuuu
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Analytical model
1D Turbulent electric field

T «+— Correlation time
Kubo number : K =—

Tp <1 Trapped particle time

Particle experience
> t+ Ty °> dom E
e, N TN W K«
@

L.
Particle experience

® > t+Tp o—/\ :
potential wells
W _tTh, W el

[P. H. Diamond, Modern Plasma Physics, 2010]

QL==d K < 1




Analytical model
Quasi-linear diffusion: Particles dynamics

[A. Vedenov et al., 1962]

o . . dv q
Statistic on particle d’ygér_r_"cs —=—F(x,t) )
= dt m
. T T T —} (AU2> = 2Dt
X \\\\

D = 2 th f dt'dt" (E(x(t"), t")E(x(t'"),t"))

T 1

QL hypotheéses: x(t) = vt



Analytical model
Quasi-linear diffusion K < 1

2 +00 ~+00
D, (v) = % fo f_ dt dx 8(x — vt)(E(0,0)E (x, £))

* Prescribe homogeneous steady

AINCSESKR
SSER %%,

state turbulence

— Sin waves with random initial

phases

qz + 00 E2 Uy
Dy(v) = Wf dtz7cos[(kv — w)t]
0 K

For a prescribed turbulent E field

ceoep o INGTITUT @ @ uuuuuuuuuu
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Numerical simulations

Statistics: Quasi-linear regime

e Quasi-linear regime: First diffusion
- Th. & simulation agreement

- K <0.01
le—-5
2.5
—— N=12000 particles 121 K — 0007

2.0 10-
kY S 8-
A LS o-
3 D 6]
v 1.0 - Q
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0 100 200 300 400 500 v/ivr
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Analytical model
Limits on Quasi-linear theory: Resonance
broadening

> | t+T o—/\
As E 7: /\/\\/\ _b>
K

=~ ().2

\/A" W/ ® Considers:
w" | /’\/“/l‘"‘\ ;nl\illulﬁfnode resonances
AN
},,@ ,‘&V//’/s [\\“)' “"/ \\J"\ﬁ > Distribution of modes
v /vw‘l“”"'\" J > Underlying plasma wave
x —} Resonance broadening
L** 1 LIINSTITUT @ O

Mg Ut'JEAN LAMOUR 10



Analytical model
Resonance broadening [ wemswoo, ror, 1968)
e D : Iterative method
» Distribution of particles around v

g2 [+ [t
Do(v) = Wjo i dt dx 6 (x — vt)(E(0,0)E (x,t))

(x—vt)?
S(x—vt) - Aezaﬁ%ﬂl-l

2
O'xn 1k

) DB () = — f dtz 2 cos[(kv + w)t]

DR (v) —— DRP(v)

n — +oo
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Numerical simulations
Intermediate Kubo number

=
N

=
o O

lon-acoustic
o

Langmuir
D/{E(0, 0)?)
D/(E(0, 0)?)

1SN

N

e Th. & Simulation Diff. agreement e Problems :
e RB effets: K few precents - Discrepancy at large and small v
e D flattens K 7

12



Analytical model
Limits on resonance broadening

°>
When E large: /V

222 IINSTITUT
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Numerical simulations
Large Kubo number

Langmuir
e Study at fixed K — D.Kubo~-1.00
y 1.01 I / -~ DRB Kubo~2.24
. ] :{ Dynum Kubo~1.00
e QL & RB fails for large K _0.8- ¥ Dnum Kubo~2.24
- Large v 5
0.6~ l
e RB Th: Order of magnitude = b
e D converges VK 0.2 - .
- Finite periodic system 0o ST e e
5 10 15
v/vr

.o 22 IINSTITUT g
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Numerical simulations
Remark: Two diffusions

e First diffusion regime: e Second diffusion regime:
't<<TaC -tzTaC
le-1

/<sz>max
B 2
{ \ D, ~2%"9

n At
D,?

N

w —— N=12000 particles
0 T T T T T T T T
0 10 20 30 40 50 60 70 80
twp
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Numerical simulations

First and second diffusion

e Study at fixed v

e D evolves as a power Kubo: KP = EB/2

101 S e
100
& Q-
a¥S) ~
EE o2
=] O W
L 3 O
------- D/E? =11.42K° mwAa —— DJ/E? =0.0035K >
—— DJE?=0.75K"1 1074 ... D/E? = 0.025K 37
1071 X Dnum i Dnum
102 1071 100 101 102 1071 100 101
K K

e ForK<0.1:Dx K% « E?

e ForK >0.5:D o K3 « E3/2

e ForK<02:Dx K>/2 «x E3/*
e ForK>02:Dx K3/2 « E3/%

16



Future prospects
1D Plasma turbulence and transport

e PS structures generated by turbulence

»Modify turbulence ’?\ -~ Resultfrom simylation:
v A " " of 1D plasma
- Non-linear effect e /; NP A
[ ' ‘] . v \ A ) \i ! “
D ' /A x S A ; AN
- Transport & diffusion 2
S
G 1
> |

Structures need to be taken

Into account

Position x
[M. Lesur, P. H. Diamond, PPCF, 2014]
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Future prospects
Conclusion

e We verified that QL and RB predict diffusion for small K, for
realistic dispersion relation and spectrum.
e \We observed the limits on RB for :
» High and low velocities
» High Kubo number
e \We observed two diffusions at different time scales, where

diffusion evolves as a power of Kubo number:

. _ 5 5 3
ﬁ_ ) 2; 2
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