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and v v v vv v f x y d f x y d, , , ,i iò ò=¯ ( ) ( ) . On the order of an
electron bounce period, Tb, in the BGK mode after saturation,
filaments from the previous FI and now growing secular WI
disrupt all of the electron tubes. This behavior leads to the
observed sudden decrease in stored, primarily electrostatic
energy, where T k u2 2 20b d peTS

max 1p w~ ´ ~ -( ) . The remain-
ing temperature anisotropy of A 3»¯ at tωpe=100 drives
further Weibel growth, and visible filaments appear around
tωpe=150 (not shown), where òB grows again. The magnetic
energy then saturates around òB∼10−2 near the Alfvén-
limited regime, m u eB d L7g e d z e xr ~ ~ ~( ) , and enters a
steady-state oscillation at the magnetic bounce frequency,
agreeing closely with PIC and 1X2V simulations.

In the cold case, many Oblique modes with θ  30° have the
same or faster growth rates than TS and therefore saturate at
similar times, creating 2D electron tubes with far more spatial
structure and with tilted current filaments passing through
(Figures 3(e) and 4(e)). The phase space has sharp structures

Figure 3. Snapshots of electric, Ey, and magnetic, Bz, fields. The top and bottom
four plots correspond to hot and cold cases, respectively. The left and right
columns correspond to times during saturation (tωpe = 35 for cold and tωpe = 80
for hot case) and long after (tωpe ≈ 250 for both cold and hot cases).

Figure 4. (a), (b), (e), and (f) show the velocity distribution function in the Y
vs. Vy plane at X=Lx/2 and integrated over Vx. (c), (d), (g), and (h) show the
velocity distribution function in the Vx vs. Vy plane at X Y L L, 2, 2x y=( ) ( ).
The grouping, with respect to simulation parameters and time, is the same as in
Figure 3.

Figure 5. Spatially averaged temperature anisotropy Ā vs. time for the cold
case in blue (left axis) and the hot case in red (right axis). The inset shows a
zoom-in of the the cold case, where Ā both drops and levels off sharply during
saturation.
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On Wednesday, Ammar Hakim and/or Jimmy Juno will show you these plots: 

from
Skoutnev et al.
ApJ 872, L28
(2019):
distribution
resulting from
relaxation
of  two beams
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Phase Mixing vs. Stochastic Echo
OK, let us focus just on turbulence. Quantity of  interest:

TURBULENCE
(=mode coupling)

PHASE MIXING
(=Landau damping)

outer scale

collisions

Is there Landau damping
in a turbulent plasma?

(there is certainly turbulence!)

Phase mixing (k.s > 0)
takes energy to higher s

at velocity k.
Anti-phase mixing (k.s < 0)
does the opposite, but there is

no energy source at high s.

A phase-mixing perturbation (k.s > 0) can 
turn around and come back (anti-phase-mix) if  
the nonlinearity couples it to a k of  opposite 
sign (to k.s < 0) – PLASMA ECHO effect.
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the m-1/2 Hermite

spectrum
[Zocco & AAS,
PoP 18, 102309
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Mathematically, Green’s function    for this equation can be derived and... 

Details: Adkins & Schekochihin, Journal of  Plasma Physics 84, 905840107 (2018) 
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phase mixing

Thus, Landau damping is suppressed                        ...really?

R.I.P
Landau

Damping
1949-2019
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Thus, Landau damping is suppressed only at                        
(analogue of  “inertial range”)
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our friend the one-time
correlation function
(phase-space spectrum)

all this stuff  follows from the equation 
for the two-time correlation function, 

which is easily derived, boring, and can be solved exactly;

take-away:                             , where 
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NB: It might be (and most likely is) collisional in a different way than
the Landau-Lenard-Balescu-collisional plasma.

Thus, Landau damping is suppressed
in a certain “inertial range”                     

R.I.P
Landau

Damping
1949-2019

Universal phase-space spectrum (1D), steeper than the linear phase-mixing one

To do: 3D, less brutalist approximations, different regimes etc.
[Adkins & AAS, JPP 84, 905840107 (2018)] 

Turbulent plasma is effectively collisional?

[Adkins & AAS, in prep. (2019)]





Where to Publish a Plasma Physics Result That You Are Proud Of:
ü No page limits or page charges
ü Single-column format for beauty and e-reading 
ü Organic locally sourced UK copy-editing/typesetting

(we won’t ruin your algebra and we’ll improve your grammar!)
ü Direct 1-click access from NASA ADS; arXiv-ing encouraged
ü Free access to highest-cited papers and featured articles
ü Interaction with a real editor of  your choice, not a robot

(protection against random/stupid referees)

EDITORS: Bill Dorland (Maryland) 
Alex Schekochihin (Oxford) 

EDITORIAL BOARD: 
Plasma Astrophysics: Roger Blandford (Stanford),

Dmitri Uzdensky (UC Boulder)
Space Plasmas: Francesco Califano (Pisa), Thierry Passot (OCA Nice)
Astrophysical Fluid Dynamics: Steve Tobias (Leeds)
Magnetic Fusion: Peter Catto (MIT), Per Helander (IPP Greifswald), 

Paolo Ricci (EPFL), Tünde Fülöp (Chalmers),
Hartmut Zohm (IPP Garching)

Dusty Plasmas: Ed Thomas Jr (Auburn)
HEDP/ICF: Antoine Bret (Castilla La Mancha), Luis Silva (IST Lisbon)
Basic Lab Plasmas: Troy Carter (UCLA), Cary Forest (UW Madison)

http://journals.cambridge.org/plasma

When you submit a paper to JPP, you are putting your trust into the judgment 
of  these editors, not anonymous reviewers, professional administrators or 

commercial imperatives


