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banded Jovian jets polar front jet jets in tokamaks
NASA/Cassini Jupiter Images NASA/Goddard Space Flight Center courtesy: L.Villard
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zonal flows coexist with turbulence
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banded Jovian jets observed Jovian'zonal winds

NASA/Cassini Jupiter Images at CIOUd Ievel
Vasadava & Showman, 2005
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zonal flows are maintained by eddies
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Barotropic vorticity equation on a beta-plane
(or Charney-Hasegawa-Mima equation)

0,9 + udyq + vO,q + Bv = /e F — rq — v4 A*
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| vorticity
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Barotropic vorticity equation on a beta-plane
(or Charney-Hasegawa-Mima equation)

0.q + udyq + vO,q + Bv = /e F — rq — v4 A*
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stochastic dissipation
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Zonal - Eddy field decomposition

p(x,y,t) = C(y,t) + ¢ (x,y,t
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Zonal - Eddy field decomposition

p(x,y,t) = C(y,t) + ¢ (x,y,t

zonal mean eddy
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NL (nonlinear)
System

v/q' — rnU
~U0q + (U — B)V' —rq’ —v4 A*q’ +Fe + \/€F
where

Fe= (6, (Vq) — 6,(/'q) ) — O (')

eddy-eddy
interain term
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-QL(q uasi-linear)
System

v/q' — rnU
~U0q + (Uyy — B)V' —rq’ — v A*q + R+ V€F
where

eddy-eddy
intertion term
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Two-point eddy
vorticity covariance

< > ___ensemble
average

C(Xaayaaxbvyba t) —
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Two-point eddy
vorticity covariance

< > ___ensemble
average

ensemble average

QL system q S5ST system dynamics of the
iy 2@y QL system
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SSST System

—Z —vecd |mag(A_'Ck)} — rpU

0, Cy Ak(U)Ck+CkAk( )T+ € Qy

/ )

linear operator that evolves jhata Cﬁ val.*lallc’nce ,Of e
the eddy vorticity in QL Stociiastic I

where  Ay(U) = —ik |U — — BD) AL — T — 1 Af
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ettt et - st p— - - P S——— [

SSST System

—Z —vecd |mag(A_'Ck)] — rpU

Ak(U)Ck + C AU + e Q

autonomous no fluctuations
deterministic
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SSST equilibria - Stability
homogeneous

for v4=0 —> UF =0, CE — e% turbulent

equilibrium
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SSST equilibria - Stability
homogeneous

for v4=0 —> UF =0, CE — e% turbulent

equilibrium
stability ?
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SSST equilibria - Stability
homogeneous

for v4=0 —> UF =0, CE — e% turbulent

equilibrium
stability ?

for e€e=0 STABLE
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SSST equilibria - Stability
homogeneous

for v4=20 —} UF=0, C; = e% turbulent

equilibrium
stability ?

for e€e=0 STABLE
U increases and

for €¢>¢ UNSTABLE =) equilibrates to a finite
amplitude mean flow
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Example of jet emergence (NL, QL, SSST)

NL U(y,t) , €/e. =2.5 SSST U(y,t) , €/e. =2.5
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Conclusions
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Conclusions

® jet emergence in barotropic beta-plane turbulence or in
drift-wave turbulence is a result of the cooperative
mean flow/perturbation SSST instability
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Conclusions

® jet emergence in barotropic beta-plane turbulence or in
drift-wave turbulence is a result of the cooperative
mean flow/perturbation SSST instability

® SSST provides prognostic theory for the emergence &
equilibration of zonal flows and also for the prediction
of the characteristics of the emergent flows
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