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Introduction: Turbulent Transport and Zonal Flows

Zonal
- Heat transport by turbulent structures to outer 6\f7I?W~
plasma layers ExB

- Mitigation by zonal flows [e.g. Diamond 05]
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Introduction: Geodesic Acoustic Mode (GAM) ENEN '

generates

RN

(zero frequency)
zonal flow

Turbulence nonlinearly

generates

regulates,
partially supresses

geodesic-acoustic-
generates mode (GAM)

[Diamond 05, Scott 05]



Introduction: Geodesic Acoustic Mode (GAM)

geodesic-acoustic-
mode (GAM)

[Diamond 05, Scott 05]
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- GAM = oscillatory counterpart to zonal flows

. Zonal E x B - flow velocity

R 5E,><§

varies due to B(0)

= GAM: density perturbation in arises

= dnocsinf

on oscillate with

wG%]:-f—gk,?

: 55,, 6|7§><§’
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Nonlinear Schrédinger equation (NLSE) model

0 t) = Fu - 20— awliPe. Poi21] | GE(r,t) = Re[u(r.0)

~~ e S——
Potential Momentum Nonlinear
term operator term
Why can we use this model? Why should we use this model?
- Linear dispersion relation from GK theory - One of the most studied
equations in physics
6E,:sz}‘+gk,2 g Py

- Easier to understand
- Cubic nonlinear term o |14 is standard

self-interaction extension [Spatschek 90]
- NLSE numerically verified [Poli 21, Korger 25]

- Low computational cost
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Performance of reduced (NLSE) model ENEN

linear gyrokinetic simulation (ORB5):

Simple GK simulation: 07
- Flat profiles (no, T, q) P i
- circular concentric S s ;
flux-surfaces '
TSR 0'36 20000 40000 60000 80000 100000
| I =n=0
- Initialize m=n = t (w3h)
potential perturb. §¢ | . | ORB
; nonlinear gyrokinetic simulation 5):
(Rosenbl.-Hinton test) 07 9y ( ) 100
E, (t=0)
11 g
LU ) ) e
uf
N o
-0.96
20000 40000 60000 80000 100000
t(wgh)
_1 4
i S O rlamn
I/ @min
JOINT CNPS - DTT MHD & THEORY SEMINAR | DAVID KORGER | SEPTEMBER 11, 2026 A NLSE MODEL FOR GAMS 5



Performance of reduced (NLSE) model

Simple GK simulation: linear gyrokinetic simulation (ORB5):

- Flat profiles (o, T, q)

- circular concentric
flux-surfaces

o 20000 40000 60000 80000 100000

- Initialize m=n=20 t(wsh)
potential perturb. §¢

nonlinear gyrokinetic simulation (ORB5):

(Rosenbl.-Hinton test)

E, (t=0)
1_
N o
éOObOI 8‘000‘0 ‘
t(wgh
_1'_'1 5 T O r/amn ! NLSE: o (so far) unknown — fit ang
I/ amin
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Electrostatic (5§ = 0) gyrokinetic Vlasov-Maxwell system

Nonlinear GK equation
(at + V|V + Vg 6) 69s = N.Ls

es ea—
= _F03J08t5¢ — OVExB - VoFs.
S

Quasineutrality equation

0="> es(6Fs)y.

s
— 0= Zes[_ %n035¢ + Z<J05gs>v:|-
s s
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SF-splitting

Fs = Fos + 0Fs,

B =B+ éé/, (electrostatic)
E = —Vé¢ = SE,

Xo = V) + Va,

5)_(‘ ~ 6‘7E><Ba

note: &€ Os < 5‘76E><B . 6
Adiabatic splitting (Maxwellian Fo)

5F, = —$F055¢ + Jo69s.
S
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Solving the GK Vlasov-Maxwell system [e.g. M. V. Falessi 2023, NJP] m"

Three unknowns: 4g;, 6ge, d¢. Solving strategy:
Nonlin. GK equation (ions, electrons) Solve GK eq. for dge{do},gi{dd}

I (a) Invert Lgk
<(9t +v|\V)+ Vg V) 00s

e

Ler{0gs} = NiLs 09s = Lan{ 7 Fosotrdg — N.Lis |
e ¢ g =S s —_———
= TS OSJ08I6¢ — 6VE><B -VoFs. OVexg - VOFs

Insert 6ge, 6g; in QN equation

Quasineutrality equation

0= Zes[ nOScSqS + (Jodgs)v }
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(o7
Solving the GK Vlasov-Maxwell system [e.g. M. V. Falessi 2023, NJP] EI\EI&

Three unknowns: 4g;, 6ge, d¢. Solving strategy:
Nonlin. GK equation (ions, electrons) Solve GK eq. for dge{do},gi{dd}
(a) Invert Lgk

D V| +Vy-V) &
<” TVt Ve ) 9s (b) Perturbation ansatz: LINs > N.L.g:

e
Lax{0gs} - ML 5t = Lah{ S Fosthtno}
es - E— s =
= TSF()sJoat(sﬁz5 - 6VE><B . V(SFS . 5gQIL = ﬁall{ —5‘7E><B . V(SFSL}

Insert 6ge, 6g; in QN equation

Quasineutrality equation

0= Z es|: n0s5¢ + <J05GK{ Tz F03J03t5¢}>v — (JoLgg{ N.Ls })v]
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Solving the GK Vlasov-Maxwell system [e.g. M. V. Falessi 2023, NJP] ENEN

Nonlinear Schrodinger equation

Quasineutrality equation

0= Z es[ ’7035¢7 + <JoEGK{ Tz FOsJ05t5¢>}>V — (JoLgg{ N.Ls }w
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Cubic nonlinearity ENEN €/
GAM\
/®—> GAM ¢ = dd3eiwal 4 cc.

GAM potential 2nd harmonic structure
8¢ = dde'“e! + ce. w = 2wg

SVexs sd2e?wet 4 cc.

SFE 5®2 const.

dp = ddbe'~a! 4 Cc. w0
GAM potential zero freq. structure

\®—> GAM §¢ = §p3elwat 4 cc.
GAM/



Cubic nonlinearity

GAM
\@—> GAM §¢ = §p3elwat 4 cc.
/

GAM potential 2nd harmonic structure
5¢ = ddbe'“e’ + cc. w R 2wg
SVexs sd2e?wet 4 cc.
SFL 5®2 const.
5¢ = dde'vs! 4 Cc. w0
GAM potential zero freq. structure

\@—> GAM §¢ = §p3elwat 4 cc.
GAM/



Linear GAM system [e.g. A. Smolyakov 2016, Pl. Phys. Rep.]
Linear GK equation (ions) Fourier ansatz (in time):
Lak 0gF — 8gie = ogeeive!
I e .
(at + V||V|| + Vd-V) 5g,L = fFoJoat(S(ﬁ, Invert La:
1

_ 1 v||V||+vd.V )
IRy, L) = <1+ +...
vV Vy-V GK -
< (1 - w> sgho

—in lwag
wag !

e Perturbation ansatz:
= =FoJpdp“e W o
Ti wg > (v||+vd)-V (g>1,pLikr < 1)

6g,L’“’G = 5gI.L(°)"“G + 5g§(1)’°"; +...,
56 = [6¢=e]y + dp(Dwe 4
———

=640)
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Linear GAM system [e.g. A. Smolyakov 2016, PI. Phys. Rep.]

Solution: .
GK

ViV +VvgV
ghee = ] <;/+ A +) 2 Fodo(-iwg) 36—y,
i P

—lwg wg
w e w W, € ViV + VgV w Vgr sin 00 w
6FiL7 G :_TIFO G+6gl- sz/.}%[&b G]d’iTFO dr r[5¢ G]

Approximations:
. . A magnetic flux
(a) Simple geometry: Circular concentric ), ¢ < 1 surfaces

= [e~ %j{de(..)

b) No mirror force: v (6) = , /v2 — —b _~ Jy2— K _g.
( ) H( ) \/ 28(9) \/ 2BO I
(see [H. Sugama 2006, Journ. Pl. Phys.])




Cubic nonlinearity

GAM
\@—> GAM §¢ = §p3elwat 4 cc.
/

GAM potential 2nd harmonic structure
5¢ = ddbe'“e’ + cc. w R 2wg
SVexs sd2e?wet 4 cc.
SFL 5®2 const.
5¢ = dde'vs! 4 Cc. w0
GAM potential zero freq. structure

\@—> GAM §¢ = §p3elwat 4 cc.
GAM/



Cubic nonlinearity ENEN €/
GAM\
/@_) GAM §¢ = sd3elwe! + cc.

GAM potential 2nd harmonic structure
8¢ = ddbe've’ + cc. w ~ 2wg

SVexs sd2e?wet 4 cc.

SFE 52 const.

dp = sdbe'~a! 4 Cc. w0
GAM potential zero freq. structure

\®—> GAM §¢ = §p3elwat 4 cc.
GAM/



Quadratic NL source (GAM x GAM - coupling)

(SVWG ~ 76[&#‘)6]1/1 X BO

1 A w
Eg 5 ~ B—O[EfG]weg (SFIL, G ~

e

N.L.j~ 6Vexp - VOFF = (378, +cc.) - V (5F*° + cc.)

1 w
= BT Fovd, cos@( (Ef G]¢ +—

1
(—iwg)
B, +

[EUJG *]1p

1

e

_TFO

wg)

Vgrsind

[E¢]y

iw,

SIELIE L )

iwg (—i

S



Response at w = 2wg

NL GK equation (ions) Invert Lek:

Lgk

= 0g;

1
o 2in

NL2wg

< — i2wg + V”V“ + \_/‘dﬁ) 5g,NL’2“G =

[H.S. Zhang 2009, Nucl. Fus.]

2wg > V|V + VgV (! like GAM)

1 vV +V, V
D 1 1 Vi + Va
A e (1 o )
L( ~N.L2%e 4 ) We need §F2“¢, 42!
—2iwg ! o '
%_ Foily Cos@_[EwG]¢> Insert into QN (at w = 2u)
rbo

— §¢2“¢ arises such that QN is fulfilled

[6¢2<c],,: Not excited! (see [Zhang 09])

m # 0:

T
2w ~ e NL,2wg
110, oo (6gs )y x cosd
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Comparison to simulations (compare [Zhang 2009])

Z/amin

Nonlinear simulation

1

JOINT CNPS - DTT MH

0.06

o
oéni/ng

-0.07

D & THEORY SEMIN

Linear (w = wg)

(6FF), o sinf
Gyrokinetic simulation (ORB5)

Nonlinear (v = 2wg)

<6Fi2°’6)v o cosf
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Z/amin

Comparison to simulations (compare [Zhang 2009])

Linear (w = wg)

(6FF), o sinf

Nonlinear simulation

1

JOINT CNPS - DTT MHD &

0.06

o
oéni/ng

-0.07

THEORY SEN

Nonlinear (v = 2wg)

<6Fi2°’6)v o cosf

Gyrokinetic simulation (ORB5)

1 0.06
£ ‘ > <
13
s o o 3
N P g S
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Cubic nonlinearity ENEN €/
GAM\
/@_) GAM §¢ = sd3elwe! + cc.

GAM potential 2nd harmonic structure
8¢ = ddbe've’ + cc. w ~ 2wg

SVexs sd2e?wet 4 cc.

SFE 52 const.

dp = sdbe'~a! 4 Cc. w0
GAM potential zero freq. structure

\®—> GAM §¢ = §p3elwat 4 cc.
GAM/



Cubic nonlinearity

GAM
}r@—» GAM {¢ = dd3eiwst + cc.

GAM potential 2nd harmonic structure
5¢ = ddbe've’ + cc. w R 2wg

SVexs sd2e?wet 4 cc.

SFE 5®2 const.

dp = ddbe'~a! 4 Cc. w0
GAM potential zero freq. structure

}@_) GAM ¢ = dd3eiws! 4 cc.

GAM




Quasineutrality equation (w = wg)

0= Zes[ n036¢>‘”G (Joég‘g’e)v} To find N.L;7¢ — [6¢],-coupling:
o Look at flux-surf.-av. QN equation!
EgK{TSFOJoat(Sqﬁ‘”G} — Lo {NLEe ) <

The relevant coupling is N.L.¢ — [6¢~e],,

i D ipwe = (1M (2
Why [5¢+c],? Perturbation ansatz: d¢~¢ = [§¢]y + d¢'") + ¢
All quantities based on strongest contribution
E.g. oM = TV Goon 1541,
wG
2) ar,th,i 2
5@ = (Z + Te> W cos 26 97 [0 )
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Quasineutrality equation (w = wg)

0= Zes< = P0s0%° + (JoLok{ T Fosotkioe }) — (Lot NLEE })y)

88 o Zes(—ino[éqb%m + [<J0£g;{%FOJOB,6¢“G}>VL — [(JoLgh{ N.LES }),] w)

1

le

[(NLge )], = Jim Vw / / A2y JxJy 6Z -V ,0Fs

Leading order: JOL‘,

Hamiltonian system
) V.- (627:J,) = O
Ap—0 Vy )

theorem

Gauss ( = lim V_ d3 /dzv Vz (ijv5Z5Fs

~ im d4s-jxjv<525Fs ~ [<5¢8@FS>] . [Falessi N. J. Phys. 2023].
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Quasineutrality equation (w = wg)

0= Zes<— 7 M0sd0°C (doLai{2 7 Fododkdoe | ) —(Lok{NLEE ) )

fsa Zes(—ino[wm n [<Jocg,1{‘;—zFoJoa,5¢wG}>v}w — [WoLg { N.LE® 1), ] w)

T

71&)@ '

(LS )= [(oaom) ]~ (o) ] = [(E529 s ]
—_— —

—varies must also
in @ vary in 6

Leading order: JoLg, ~

i . 1 1 2w, —w, —w, 2w, _
cubic NL: Z%d9<@(8‘95¢ GOOFg “C + Dpdp~ "0, 6F G>V =0. Q
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Quasineutrality equation (w = wg)

0= Zes< = P0s0%° + (JoLok{ T Fosotkioe }) — (Lot NLEE })y)

88 o Zes<—ino[6¢“’6]¢ n [<Jocg,1{‘;—zFoJoa,5¢wG}>v}w — [WoLg { N.LE® 1), ] w)

i v V) + Vi V
First order: JoLgy ~ T vivitve:

—iwg —iwg
V|V + Vy-V Vgr si
()| [ ), @
lwg vly wg rBy —~—"/vly
— o cos 6

=0Ve.B,
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Quasineutrality equation (w = wg)

0= Zes< - —nOS 56 + (JoLgh{ S 7 Fododkdoe | ) —(Lok{NLEE ) )

88 o Zes(—ino[éqb%m + [<Jocg;{‘;—zFoJoa,5¢we}>v}w — [(JoLgh{ N.LES }),] w)

First order (less approximations, see [Falessi NJP 2023]): Joﬁg&

1 wa 0 ilwp L0 A iorio e (tr./b.)
JoLg{ N-.L;¢ } = Z 5 cos [Ycdoe™ ™" e~ 1WetiQ N[ -
vy I Y oy

G

Py ——————(tr/b. )
/ dedu b o Thodoe— o % a9 5B 9 (Jobg) e 1PHAGE,.
: "

Y 5=141 G

— trapped particles may become important (v (65) = 0)
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Cubic nonlinearity ENEN €/
GAM\
/@_) GAM §¢ = sd3elwe! + cc.

GAM potential 2nd harmonic structure
5¢ = ddbe've’ + cc. w R 2wg

SVexs sd2e?wet 4 cc.

SFE 5®2 const.

dp = ddbe'~a! 4 Cc. w0
GAM potential zero freq. structure

\®—> GAM §¢ = §p3elwat 4 cc.
GAM/



Zero frequency structure

0.004
§ 0.02 w 0002 <
IS <
2o 0.000 2 = According to simulations,
o ”BN 0.002 9 ~ .
§ 002 \/ ' 00028 6n ™% o cosf exists.
—0.04 -0.004

< LALLM RA AL RO

0.00
Qf 0000 100000 150000

N (Rl
¢

.v‘vVHvav,.,,V

sin 6 of &én;/ng
cos 6 of 6n;/ng

|

o

o

]
—
—
e ———
—=
—

|
o
(=)
=
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Quadratic NL source (GAM x GAM - coupling)

- *6[(&#"6]#, X éo
6‘/;55 ~ T

1 N w e _ Vysind
~ E[E;”G]weg SFHee ~ —Fo= o

e

N.L;= dVexp - VOFF = (378, +cc.) - V (5F*° + cc.)

[E¢]y

’

(—iwg)
w WG, * 1 (%] WG, *

+*[E lyEF ]w+( G)[E rClylEF ]w)

= 2 Fovar C050(1[EWG]2 [EFeT5

rBo Ti

1 1 1
w0 wa WG, *
N.LS o Fovd,coso(m l%)[Er Jo[E2 .
= —0/|wgl?

see [Chen EPL 2014]



Quadratic NL source (GAM x GAM - coupling) ENEN <

. —V[og~e], x By 1 X , o 0y sing
Ve~ T W TP [EYE Flws o _CF Eeo

VExs B2 I’BO[ r¢ly€e OF; T 0t [E~°],,
e V||VH (Vdr+TeVd[i)Sin9 w
cF Eo

/ +Ti 0 iwa e [EF®]y
(69855 + c0) - (5FE= + co)
~ 1 e_. o
N.LY™O = = Foly ——— cosd [E“C],[E¥e*
! By i ° " wgl? [ErelulEFe ]y

1 n V”V” VHVH > " -
+ —==FoV, - + O [EXe), [EXe
I’Bo T/ 0¥dr < (le)2 (7““’6) cos [ ]7/’[ ]1/1




Response at w ~ 0 (similar to [Chen EPL 2014]) ENEN

NL GK equation (ions) Invert Lek:

O <V V| + Vg0 (! opposite to GAM)
Lk

(& VY + Vdrar) g0 = N RO — use tool from [Rosenbluth Hinton 1998]:

. - . Shift operator e'¢
— (6{ + V||V||> e‘oégNL’WNO = —e‘ON.L.;" ~0
—_——

1

NLyw~0
deps

sghre~%ism=0: = V=0

sgit 0 = e7199 [ - @ON.LEXO]

¥

6gg,L’wzoism7501 AN EY iQ = pycost O < 1
— accounts for radial drifts

5g’{VL,w%O _ e_iQ(V||V||)_1 (—eiQN.L.;"zO)
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Response at w ~ 0 ENEN ‘€
NL,w=0 ; 2
1 o ism=0: 0,
K o x Or/|wgl
NL,w~0 —iQg—1 iQ w0
49; = e o [~ e“N.LP™0] o

=1+iQ+(1Q)?/2 + ...

Shift operator '?

— couples via 2nd order FOW effects to cos ), o (iQ)2|[5E,]¢,|2

~0 . x vV /|wgl?
H gy~ is m # 0: Nl "_/l al

5gI_VL,sz = eiiO(VHVH)71 (7eiON.L.;~”zo) 0

1

— direct coupling to cos 6, ][5E,]1/,]2 iQ ~ pgcost o < 1



Response at w ~ 0 ENER (7

& 0.000
2 -oms
Y 4
s ~ooos Y1100
n —0.010 4| — analytic
S —— ORB5 data _
~0.015 1 : : : : : : : Shift operator '@
0 25000 50000 75000 100000 125000 150000 175000
t (wgh)
~0 - x V|V /|lwgl?
sgar~%is m # 0: N ”_//| d
NLw~0 _ .-iQ S ~
6gi “ = e ! (VHVH) (—e‘QN.L.f 0) 0

— direct coupling to cos 6, ][5E,]¢]2 iQ ~ pgcost o < 1

L FOR GAMS 2 2



Cubic nonlinearity ENEN €/
GAM\
/@_) GAM §¢ = sd3elwe! + cc.

GAM potential 2nd harmonic structure
8¢ = ddbe've’ + cc. w ~ 2wg

SVexs sd2e?wet 4 cc.

SFE 52 const.

dp = sdbe'~a! 4 Cc. w0
GAM potential zero freq. structure

\®—> GAM §¢ = §p3elwat 4 cc.
GAM/



Cubic nonlinearity

GAM
}r@—» GAM {¢ = dd3eiwst + cc.

GAM potential 2nd harmonic structure
5¢ = ddbe've’ + cc. w R 2wg

SVexs sd2e?wet 4 cc.

SFE 5®2 const.

dp = ddbe'~a! 4 Cc. w0
GAM potential zero freq. structure

}@_) GAM ¢ = dd3eiws! 4 cc.

GAM




Quasineutrality equation (w = wg)

0= Zes< - —nOS 56 + (JoLgh{ S 7 Fododkdoe | ) —(Lok{NLEE ) )

88 o Zes(—f”o[5¢”61¢ n [<Jocg,1{‘;—zFoJoa,5¢wG}>v} (oL NLEE 1)) w)

1 V-V,

First order: JoLgy ~ —[6E7 %], [EF°? —[6EF%]y  |[6EPe)y |

—in in ' ¢ ¢

[< Vc'i -V N.L.;.UG > ] _ [< Vdr.SIn 00, ( Lar[&bfw(;]w By 5,_—/_2wa + Lar[(sqswc]w ) 5,:iwz0>> :|
~—_— ———

g wag "

o cos 0 — o cos O
= 0VExB,p = 0VExB,6

o 0 (|I0EF°1u [*0EF <1 ) = ~|6E2) [ 0Fl6],
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Quasineutrality equation (w = wg)
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Linear GAM dispersion relation ot 12
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Quasineutrality equation (w = wg)
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Nonlinear GAM dispersion relation
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Quasineutrality equation (w = wg)

0= Zes< = P0s0%° + (JoLok{ T Fosotkioe }) — (Lot NLEE })y)

fsa o _ Zes<—ino[5¢”6]¢ + [<Jocg,1{‘;—zFoJoa,5¢we}>v} (oLt NLE? 1. )

Fi Nonlinear GAM dispersion relation >
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1 1 match simulations?

Does 63
aNL = — —=
Nb T 841282 wao(7/4 + 1)
Er(t=0) ) 1. 2
1 Note: wg = wao — 50K — ant|[Erly[%,
1 T.
. where: G =0at —= =55.
N o W T
. 0
% 1 % rlamn !
'/ @min nonlinear gyrokinetic simulation (ORB5):
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AR ERRRERDS
20.5 0.
L0.4
0'36 5000 10000 15000 20000 25000 30000
t(wgh)

A NLSE MODEL FOR GAMS 25

JOINT CNPS - DTT MHD & THEORY SEMINAR | DAVID KORGER | SEPTEMBER 11, 2026

00

0

H
E
0 ui
2
w

-

-0.97



63 1 1
_ oo 1 \ \ 2
Does anL 64 r2B§ ceol7/A+70) match simulations
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match simulations?

0.7
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Conclusions and outlook

Derivation of the NLSE model
- Nonlinear Schrédinger equation for GAMs has been derived using many approximations

- Nonlinear frequency shift is formally at same order as linear dispersive effects
Simulations
- Intermediate analytical results (quadratic structures) match simulation data

- Final nonlinear term oy |¢|? ¢ matches
- well for zero (7o = 5.5) or anomalous (e > 5.5) dispersion

- qualitatively in “self-focusing” regime (7. < 5.5), inclusion of damping necessary
Outlook
- Weaken approximations (reconsider geometric effects, mirror force, ...)

- Simulations with physical GAM source
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Nonlinear Schrédinger equation (NLSE) model
[Poli 21] SE-(r,t) = Re [¢](r,1)

0)(r,t) = Fa Ea)ﬁlv and |12 1.

~—~ N—— N—_——
Oscillation Dispersive Nonlinear term
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Nonlinear Schrédinger equation (NLSE) model

0p(r.t) = Fop — gafw anleP e, [Poli21] SE,(r,t) = Re [¢](r,t)
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Oscillation Dispersive Nonlinear term
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Nonlinear Schrédinger equation (NLSE) model

g

i0pp(r,t) = Fip E(:)Ew — anL[YP¢.  [Poli21] SE(r,t) = Re [](r, 1)
~~ S~ ——
Oscillation Dispersive Nonlinear term
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Nonlinear Schrédinger equation (NLSE) model

0(r,t) = Fip — gafw — anc|yPy.  [Poli21] SE,(r,t) = Re [¢](r,t)

~—~ N—— ——
Oscillation Dispersive Nonlinear term
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Nonlinear Schrédinger equation (NLSE) model

0(r,t) = Fip — gafw — anc|yPy.  [Poli21] SE,(r,t) = Re [¢](r,t)

~— —— ——
Oscillation Dispersive Nonlinear term
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Modulational Instability

- Wave envelope (of GAM el. field) unstable to specific range of wavenumbers k
- “Pure form”: constant background (k = 0) perturbed by single wavenumber Kpert

(SEr(r7 t - 0) - 1/)(I’, t:0) - ao + 31 COS(kpertr), a‘] << ao

11 NLSE sim.
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Modulational Instability

- Wave envelope (of GAM el. field) unstable to specific range of wavenumbers k
- “Pure form”: constant background (k = 0) perturbed by single wavenumber Kpert
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Modulational Instability

- Wave envelope (of GAM el. field) unstable to specific range of wavenumbers k
- “Pure form”: constant background (k = 0) perturbed by single wavenumber Kpert
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Modulational Instability

NLSE sim. with Ml NLSE
init. condition ! ‘
Parameters:

« Te =3,

- L, =400,

- q=15,
B=19T

+ Ak = 0.13m,

- Ry=1.3m,

- Ay=25-10"%

- wy = 0.35,

- 1o = 0.6,

- p=4,

‘ kpert:6§77T

tok, ¢

I /@ok

FFT(E
05 (a_u_() /@)

kpert/(Zﬂ'/atok)

8 (1) war)



Modulational Instability: Results

Observe Ml in ORB5
simulation:

- Growth in ORB5 sim. is
slower than NLSE

- Nonlinearity ay is not
constant along r

- Steep gradients in
saturation phase not
reproduced

Parameters: Kpert = 6%,
Te:3, LX :400,q: 15,

Wo=0.35,p=4,ry=06

ORB5
08
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0.4
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1ONLSE Z 811 o) 2 16 1ot
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>>oooo:<z<4 (58
N MDOM'MQ ({6 & 4
ettt (4:
025 7 8 ‘ 12 16
t(1/wei) 10
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