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Abstract

This work presents research experience focused on accelerator operations and foundational studies in accelerator physics. The primary operational contribution consisted of implementing an automated laser alignment
system to improve efficiency and assist diagnostic operations at the Accelerator Test Facility. To build practical familiarity with core accelerator concepts, additional exploratory projects were undertaken in magnetic design
and beam dynamics. This included designing and simulating a quadrupole magnet to understand electron beam focusing mechanisms, as well as utilizing ImpactX to model and evaluate electron beam behavior under
varying test parameters. Together, these experiences bridge hands-on facility instrumentation with theoretical beamline modeling.

Motivation & Methodology

Automated Laser Alignment System Quadrupole Design and Simulation Via Opera Electron Beam Simulation Via ImpactX
A primary research goal at the Accelerator Test Facility (ATF) is to Electromagnets are crucial in accelerator science, serving as the Ultrafast Electron Diffr_action (UED) is an advgnced im_aging technique
accelerate particles using laser beams. To support facility operations, primary tools used to steer and focus particle beams. To build used to qbserve real-time §tructura| changes_ In m_aterlals apd molecules at
we implemented an automated laser alignment system to reduce practical familiarity with the fundamental physics behind these the atomlc s_cale.By modellng the_beam profile using tools like ImpactX
component setup time and streamline mirror alignment. systems, we designed and simulated two quadrupole magnets using anq te_stlng it under different physical parame.t.ers, res_earchers can
Simulia Opera and MATLAB. optimize beam transport and ensure the stability required for advanced
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e The hardware is paired sequentially.The first camera and mirror
motor control the beam's alignment through the first iris, while the
second camera and mirror motor guide it through the second iris.

By-a™2=1

Eten .... Siffeisaic e Phase space ellipse plots the position of particles (x) against their
BSSeasisaaneaaszeduceat momentum (x'), with its area representing the beam's overall quality,
w«s | ...._ known as emittance (¢). We need this visual tool because the
. _ siceasains orientation and shape of the ellipse tell us exactly how the beam is

behaving whether it is converging, diverging, or stable. This allows
researchers to accurately design and tune focusing magnets to safely
transport the electron beam to its target.

o A Basler acA1920-50gm camera
calculates the beam offset at the iris,
and New Focus Picomotor automatically
adjust the steering mirrors .
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Results & Analysis

Automated Laser Alignment System Quadrupole Design and Simulation Via Opera Electron Beam Simulation Via ImpactX
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o Ty / Because the first quadrupole focuses the y-axis while strongly
defocusing the x-axis, the beam's horizontal and vertical dimensions
are vastly different by the time it enters the second magnet.

Conclusion

Overall, this research provided a foundational understanding of accelerator science through hands-on instrumentation and computational modeling. The work spanned three
core modules: exploring the design and principles of quadrupole magnets, analyzing particle acceleration and phase space beam profiles for UED, and building an automated
alignment system to support cutting-edge LWFA technology. By successfully combining software, hardware, and physical simulations, these projects delivered invaluable
practical knowledge in accelerator facility operations.

Reference

[1] Li, W. (2026, July 17). ImpactX tutorial
[2] Pinson, J. (2020, March 19). The power of attraction: Magnets in particle accelerators. Fermilab. https:/news.fnal.qov/2020/03/the-power-of-attraction-the-use-of-magqnets-in-particle-accelerators/
[3] Brookhaven National Laboratory. (2019, October 4). Accelerator Test Facility (ATF). https.//www.bnl.qov/atf/

Acknowledgements

This project was supported in part by the U.S. Department of Energy, Office of Science, Office of Workforce Development for Teachers and Scientists (WDTS) under the Visiting Faculty Program (VFP). This work was supported by Department of Energy
RENEW Grant: “Science and Engineering Apprenticeship Program in Accelerator Science and Technology”, DE-SC0025742 and in part by the U.S. Department of Energy, Office of Science, Office of Workforce Development for Teachers and Scientists
(WDTS). No export control work done.We sincerely appreciate and thank the help of Jason Becker, Christopher Tamargo, from the SCM Division, Jhair Alzamora, Paul Jacob, Karl Kusche, Spencer Diamond and Miguel Long from the Accelerator Test
Facilities (ATF) Division at BNL, as well as the rest of the scientists, engineers, and technicians at the ATF and SCM divisions for the continued support in this work. We would like to express our appreciation to the mentors, researchers and
administrators of the SESAPARD/RENEW program for their dedication and guidance during this research project. No export control work done.

FR U.S. DEPARTMENT

L,"'-‘" Brookhaven
Mational Laboratory

'fj 4 ; Df ENERGY Www.Dbnl. gov



Presenter Notes
Presentation Notes
Abtract, old: “This study provides an integrated overview of key accelerator technologies explored at Brookhaven National Laboratory: superconducting magnets, ultrafast electron diffraction, and ultrafast high-power lasers. At the Superconducting Magnets Division, dipole and quadrupole magnets were designed using Simulia OPERA and Rat-GUI, with simulations validated through 3D-printed coil testing. These magnets were later applied in the Ultrafast Electron Diffraction facility, where General Particle Tracer (GPT) simulations and real experiments with solenoids, dipoles, and quadrupoles revealed consistent particle beam behavior. “
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