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Background & Motivation The Entropy Reformulation Results
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In this work, we 1nstead define density localized in velocity: 355(r,t)
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Fig 2: (left) + V-] (r,t) =0, (right) +V, - J,(v,t) =0.

p(v,t) = f f(r,v,t)d°r, Figure 3 shows that the distribution function changes over few time
steps and then the wave 1s then damped away where we cannot see
anymore around t = 100. The right plot also shows quasi-linear
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The theory of kinetic entropy in brief: ‘ Wr/k = 3.21V¢p.

e Total Boltzmann kinetic entropv: equation, hence the electromagnetic force term survives in the
b7 entropy evolution as the integration 1s done over position space.
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 The entropy can be decomposed into position-space and

velocity-space entropy (Liang et al., 2019): Numerical MethOd
Se(t) = Sap (t) + Sgv (2).
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* Entropy density obeys a collisionless continuity equation: / | o - o Fi“g N (Ith)p (5., (ight) o(v ;‘)ﬁ_p(v N o
d (Sa) 1 Y To implement our derlvatlops and SEC hOW the force term behaves, Figure 4 shows the time evolution of velocity-space and position-
dt\n,) n, ¢ ’ we use ID-1V Vlasov-Poisson simulation (Pezzi et al., 2013). space entropy as a function of velocity. The EM force lies within

Preliminarily, we 1nitializes the simulation with Maxwellian

S . . . these terms and contributes to damping during first few time steps.
distribution with a broadband density perturbation:

At each time step, both terms are also summed out to zero.

where J entropy density flux.
* The evolution of relative energy, which quantify energy
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THE PROBLEM: , 10~*. This excites the full spectrum of Langmuir modes up to
) {Iloecgleledr;tmpy changes tie to transport and to work done by kAk, = 25.6; at late times only the slowest-damping fundamental

k, = 2n/L, = 0.4 survives, giving the canonical Landau decay rate
¥, = 0.066. The physical box [0,L,] is periodic; the velocity
domain |[—V,, 44, +Vmgx] Uses vanishing-f boundaries, justified by
Vmax = 6Vsn. Entropy densities are computed on the phase-space
orid with fixed bin size Ax and Av.

* The entropy density in Cassak et al. (2023) is built by Fig 4 (Ief) 222, (righytoonv)
integrating over velocity space.
* However, the electromagnetic force term integrates to zero as

divergence theorem 1n v-space kills it.

FUTURE WORKS:
* Plug in Vlasov equation and isolate force terms.
* Extend to magnetized system, included vXB 1n Lorentz force.
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— the force term survives. r
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