











































































































ftp.t.it
eQutnonANDMixinf

g lie algebra
Poisson structure on C at f g y p Idf dg

Lie Poisson dynamics for Hamiltonian heV19
pi aditherM
g'te g via biinvariantpairing pi dhly y

Interpretationby VArnold 1966
Hamiltonian quadraticandposdef integrated
curve in hiegroup G of g is geodesic
w.at left or right invariant Riemannian metric

Eaten Arnold equations pi I m AS p
I

Imitedimsiondexample
Mclosed symplecticmanifold g C M Poissonalgebra

E inner product biinranant f g h f g h
Inertia operator A D e.g fromKahlerstructure

Euler Arnold ai u w OV w A

Zeitlingident9
Use quantization theory to replace x by
finite dim his Poisson system














































































































T.fi 5 ptqwacie.m
Aim mapping Tw w WeulN such that

I w Wz3 Trw TNWz
matrix

commutator

Hoppe 11989 explicitquantization out and

fora e g
spherical
harmonies

sphereÉ
o o o a s a o l N l
o o o o a l N J

Lincreasingwarenumbers
Question whathappens if w is zonal














































































































Eatin equation
we V18 WEU N

OU W A D P W
HoppeYauLaplacian

w U w W P W A EaterZeitlinequation
streamed I vorticitymatrix

T.gsmmTmnete
powwansWn for CA

stepsize

Wu I Pay While It Pk l ONPkn Wnt'tWn
111 MN

4Px.Ki

Properties mapping WatsWu is

Lie Poisson
Isospectral preservesCasimirs

2ndorder accurate

Numericsiwhatdowe.se

Slightlymodified Hamiltonian InlW I tr PW t O h
dueto timestepping

Small noise on components
due torounding errors W Ma W W episode














































































































Diary ydzdynamics

Mahttheoryt.TTnsi mittens
Casimir Iflw fgfwix dyk Ign tr f W
Hamiltonian H w If wdy AMN Itr Pw
values of w eigenvaluesof W
levelsets of w eigenvectorsof W
IwlLo spectral worm

average w along level
setsof a projectionofWonto

stabp WsEUIN EPWs 0

O

Long
timeghemraffenhire

notes 20
Surveys

Drives Elgindi 2022
Khesin Misioteh Shnirelman 2022

Backto QD Euler w u w w e 17

Yudovich 1963 globalwellposedness in t














































































































Flow map St w to wit

Arnold 1966 stew It 03
gjlt.ggoilwt.ilMIzosimorKhesin 2017 Ow for W Morse

Shniselman 1993 L weak completionOut

1 w dsv1t EE persistingset

question what is contained in r w

simplequestion determine Ow

Example w x 4 14
Ow weL fu a dm 0 I we B

t
circulation
preserved

rangepreserved

Whataboutother Casimirs
not continuous inweak't topology

Bat if wet I w If a If Wo f convex

If t Ifl w seems related tomixing
failureoftransport
ofWo














































































































Mixing operators

Drivas Dolce 2022 Idea variational problem

min
TEOT.ME HWY3If

convex

Result minimizer wt exists and is minimalflow
wt is stationary and w I w for all w s t WIWA

partialordering

wgktw E.ggfTaz
K20

SK dr K1;1
1MhashToperat














































































































T.MYitp ptthw 7weuagiw ew.et.eeUM
teasy to characterize

W eOf E W Wosharespectrum

proof spectraldecompositionthan

NoteMalwaysontamsdigonalolesterolflowsNotting for smoothorbits

Interesting discreteoptimizationproblem
min

AE OWADiagN
HCA H N I

tomposition
Def Let Weuln W Ws Wr
where Ws IT W Frobenius projection 2 norm
onto stab W.euN WsP 0 for
p DW

Observation in long time Wr is noisyand Wssmooth

separationof scales














































































































Propertiesofcanonicaldecomposition

WiWa tr W Wat Frobenius inner product

WiWa as tr btwNat energyinnerproduct

WsWr O I Ws I w

TW Wr 0 H Ws H w

F convex If Ws III W
Wstationary Wr O

W

f same 0 1 Hew Head
Ws



















































































Wr

tinsmodecompositionasNa

Hoppe 1989 componentwise convergence of brackets

nling TNATNCw em EUw3em

I weak't convergence

argent spectrum
Wn Ta for fixedN dynamics isospechal

But pointwise erratic as N ranis Casimir notrobust

However spectralange very robust

Bordemann Meinrenken Schlichewmaier 1994

spectralrange of War rangeof w as N o

1 ji
completionof
digsOutgives

cumin density on Cuminwind

I T T
O N o

UN action



qq.gg it i si connectedcomponent
of a streamline

Txhl gf Figg

complicated streamlinewith bifurcation continuity lost

Prep For He W3918 9 32 Ty extends to
a bounded normone operator on LPN Peel a

Proof define staby weakly on L
show stabyclosedsubspace Ty bounded

L LO norm on continous functions
Riesz Thorin them o

Formally Ty definedbyKamel

King g 88,19

8 streamline through X

Thus Examining operator

solve Ty w w by fixedpoint iterations

Ya O Wa
Win Iq wa

Wh minimalflow


