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RESULTS

This section presents the experimental results and evaluates their agreement with corresponding
simulation data.

ABSTRACT

Magnet modeling with Opera3D and Rat-GUI was used to analyze nonlinear materials, varying current
densities, and constructing models for a window magnet and Canted-Cosine Theta (CCT) coil magnet; of
which was later fabricated with BNL's Direct Wind machine. In the context of UED, such magnets are
critical for shaping and steering electron beams, how different beam parameters and components affect
beam dynamics were analyzed using General Particle Tracer (GPT) and later compared with real
beamline performance. Meanwhile, optical lasers were also simulated using software such as 3DOptix
and SNLO. Optical lasers and electron beams are deeply intertwined in modern ultrafast and accelerator
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sustain and advance this legacy, it is essential to cultivate the next
generation of researchers in the fundamental physics, engineering, and
applied technologies underlying accelerator science [1][2].
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THEORY / BACKGROUND

Examples of beam simulation with General Particle Tracer (GPT), with

Fig. 1 UED Electron Beamline
varying beam parameters and beam changing components. Beam size can be represented by:

e=x"?4+2axx' + Bx"? (1) &g = \/(xz)(x'z) — (xx')? (2)
where ¢ is the area occupied by beam particles in an x (position), x’ (momentum) plane, and vy, a, B are

Twiss parameters, where a represents the tilt of an ellipse in a phase space plot, 8 the width, and vy is
related to the focusing strength of the beamline (and is dependent on a and B) [2].
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focused at a certain
point. Similar to what
was seen in figure 4.
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Fig. 2 momentum (x’) vs position (x) plot in
phase space [2]

Fig. 3 Simulation of Beam Spread in GPT  Fig. 4 Simulation of Standard Deviation
vs Position graph for focusing in GPT
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Fundamental to the operation of such electron beamlines are electromagnetic coils and their magnetic
fields. They are the main driver for the steering, focusing, and manipulating of charged particles via
Lorentz force and related electromagnetic principles [2]. Lorentz force is described as:

- - 1 5 -

F=q(E+Ev><B) (3)
where F is force generated when a particle of charge g, with velocity v is moving through a magnetic
field B and or with an electric field E. This is the main driver behind magnets and electromagnetic force.
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Fig. 13 a. Solenoid Scan@167A, b. Quadrupole Scan@0.450A, c. Quadrupole scan@-.450A
d. plot of beam size over solenoid strength, e. plot of beam size over quadrupole strength
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Window magnets such as the one shown in figure 4, are typically used in places such as electron Setiing up the bearm alighmen

beams with availability for dipole and quadrupole configurations based on current flow. Dipole magnets
will shift the particle beam in a direction, quadrupole magnets focus one axis while defocusing the other.

A canted-cosine theta design as shown in figure 5 was chosen for the fabrication of a magnetic coil due
to its simplistic construction, high-quality magnetic fields, and overall stability under training and
performance.

The CCT coil was fabricated with BNL's Direct Wind Machine using two
aluminum tubes (4" Inner, 4.5” Outer, 1/8” Thickness, 1/8” Gap between, 12"
Length). An epoxy subtract was layered on top, and then wound with Nb-Ti
wire. Later, a layer of epoxy tape, LV24 Stycast, and Teflon tape was applied
on top of the coail in that order. It is left to dry for 24 hours before being cured
at 249°F for 90 mins, and then cured again at 350°F for another 90 mins.

a.

End cap components also were designed by fellow intern
and colleague, Joseph Rukaj, to constrain the coil at
fixed positions and provide structural support.

Fig. 9 a. CCT Coil fabrication with
Direct Wind Machine
b. End cap component design

Related and used in certain types of analysis, optical lasers are stimulated emissions of radiation that
can deliver high amounts of energy in the form of coherent beams of light [4].
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Fig.10 SNLO Simulation of
Nonlinear Optic Materials

Fig. 11 3DOptix Simulation of an
optical setup
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DISCUSSION / CONCLUSION

The rotating coil magnetometer measurements agree with the SCM simulations in Rat GUI and OPERA.
As shown in Figure 10(d), the beam reaches its minimum size at a specific quadrupole strength,
indicating optimal focusing. This observation is consistent with the behavior previously illustrated in
Figure 3. Additionally, as the quadrupole polarity reverses between Figures 10(b) and 10(c), the focusing
and defocusing axes are switched, exactly what we expect from quadrupole magnetic fields. The
experimental results aligned well with theoretical and simulation predictions, reinforcing our
understanding and supporting the continued advancement of accelerator science and technology. This
presentation includes “No export controlled” work.
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