
Idealized models of charged-particle beam transport predict beam moments and envelope evolution, but not the detailed beam structure within those envelopes. We combine experiment and
simulation to investigate the interplay of space charge and angular momentum in realistic low-energy electron beam distributions. The study is carried out on the Long Solenoid Experiment (LSE), a
beam line designed to explore flat-to-round (FTR) and round-to-flat (RTF) beam transformations in a regime where space charge plays a significant role. Particle-in-cell simulations are initialized using
phase-space distributions measured directly near the beam source, allowing realistic modeling of the experiment. The simulations reproduce experimental observations with high fidelity and reveal
strong sensitivity of the transverse beam dynamics to both the initial beam structure and lattice parameters. In this poster, we highlight three key results:
• flat-to-round (“ish”) transformation
• agreement between experiment and simulation in the evolution of the beam envelope and fine phase-space structures
• cancellation of the overall beam rotation corresponding to the vortex beam condition
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The equation used in ImageJ’s Moment
Calculator plugin to calculate the
orientation is:
𝜃𝜃 (in degrees) = 0.5·arctan( 2�𝑚𝑚11

𝑚𝑚20−𝑚𝑚02
),

where 𝑚𝑚20 is the 2nd-order moment
along the x-axis, 𝑚𝑚02 is the 2nd-order
moment along the y-axis, and 𝑚𝑚11 is the
cross-covariance moment.

• Cancellation of overall beam rotation by the solenoid field

• Canonical Angular Momentum (Theory):
<𝐿𝐿>
𝑝𝑝𝑧𝑧

= < 𝑥𝑥𝑦𝑦′ > −< 𝑦𝑦𝑥𝑥′ >

• Measurement of Average Beam Angular Momentum:

< 𝐿𝐿>= 4𝑝𝑝𝑧𝑧
𝜎𝜎1𝜎𝜎2 sin 𝜃𝜃

𝐷𝐷

where 𝜎𝜎1and 𝜎𝜎2 are the measured beam’s xrms and yrms, and 𝜃𝜃 is the
beam’s orientation.
Y.-E Sun et al, Generation of angular-momentum-dominated electron beams from a photoinjector, Phys. Rev. ST Accel. Beams, 7, 123501 (2004)
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