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The Vlasov code is a numerical scheme for simulating rarefied plasmas or particle

beams. In this method, the self-consistent evolution of the plasma is described by the

Maxwell equation of the electromagnetic field and the Vlasov equation of the particle

distribution function. A Vlasov-Poisson solver together with experimental tests done with

Fermilab’s IOTA (Integrable Operable Test Accelerator) will be very useful in improving

the beam intensity, quality and prediction. The need for such a code has long been

noted in the beam dynamics community.

Quadrupole magnets are necessary to focus the beam in one transverse direction while

at the same time defocusing the beam in the other transverse direction.

To get an understanding of what the new code needed to accomplish, knowledge of

particle accelerator physics and lattice structure had to be obtained first.

The accelerator particle distribution of a simulated 1000 particles through 11 turns was 

successfully mapped as shown below in the figures taken every 1 turn. The rotation of 

the particles in the accelerator can be clearly seen as one advances through the figures. 

Accelerator particle distribution from initial position to the 11th turn through the accelerator.

The next steps in the project is to continue developing the 4d density distribution through 

the accelerator. With the 4d density completed, it will be easier to move up to a 6d 

representation of the proton beam through the particle accelerator which would allow 

further analysis of the space charge issue in IOTA.

The need for a high-powered parallel computing setup was very clear when the density 

program was taking several minutes to generate the figures as output. Steps will have to 

be taken to improve the speed of the density program.

The transfer matrix for the sextupole:

𝑀𝑠𝑒𝑥𝑡(𝑋) = 𝑥, 𝑥2 + (0, 𝑘2𝑥
2)

The initial position of the particles is at position O. The position P is where the 

sextupole is located.

The transfer map used to track the particles:

𝑋𝑛+1 ≡ 𝑇 𝑋𝑛 = 𝑀𝑃𝑂 ∗ 𝑀𝑠𝑒𝑥𝑡 ∗ 𝑀𝑂𝑃(𝑥, 𝑥
′)𝑛
𝑇

The beam density is transported by the inverse map:

𝜌𝑛+1 = 𝜌(𝑇−1 𝑋𝑛 )

𝑇−1 𝑋𝑛 = 𝑀𝑂𝑃
−1 ∙ 𝑀𝑠𝑒𝑥𝑡

−1 ∙ 𝑀𝑃𝑂
−1 𝑋𝑛

𝑀𝑠𝑒𝑥𝑡
−1 = 𝑋 − ∆𝑋
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Introduction and Purpose Conclusions and Future Work

We were tasked with recreating the “toy” 2d phase space density detailed in the Dutt

article. The two dimensions (in the x-direction only) consisted of the particle distance 

from the point of reference and its momentum at that distance. Movement through a 

circular accelerator made up of only one ideal FODO lattice was simulated. The only 

perturbance in the FODO lattice was a sextupole magnet located 90o from the initial 

position of the beam which was used to provide a non-linear kick in order to bend the 

beam.

Methods Used
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The output from the density program is shown in the array of figures below. The figures 

start at the initial position and are captured at 100, 200, and then at 1000 turns.

Density distribution of the particles at different turns.


