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4 Abstract A

The U.S. Department of Energy's Brookhaven National Laboratory is home to the Accelerator Test Facility (ATF), which supports accelerator science research for facilities including the National Synchrotron Light Source Il
(NSLS-II) and the Electron-lon Collider (EIC). During this summer internship, participants completed four technical projects spanning optics, magnet design, beam physics, and RF systems. These included developing an
automated laser alignment system with a graphical user interface (GUI), designing and simulating quadrupole magnets using Opera 3D, performing Ultrafast Electron Diffraction (UED) beam simulations with ImpactX, and
characterizing an IQ modulation system to support development of a replacement klystron drive chain. Together, these projects provided hands-on experience in the interdisciplinary engineering and physics that enable
modern particle accelerator research.
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+ SETUP WORKFLOW
@ | & 00— —0— o 1) A symmetric quadrupole magnet with racetrack coils was

Eaaed "i"m"““”’““ = R designed from specifications provided by Dr. Vikas Teotia. ATFE's Ultrafast Electron
rﬁ-—-—%—-—@"@-"i ? g Bi _ Simulations evaluated the effects of coil current density on Diffraction is a pump-probe
e e e e oo e magnetic field, field gradient, and core saturation to assess technigue that uses a
ot || womer | | I | At quadrupole performance. 2) Using a predesigned magnetic core femtosecond laser to pump the
N N and Opera-modeled racetrack coils, COMI scripts evaluated the sample. Synchronization of the
g = e magnetic field gradient, integrated gradient, and B-H laser pulse to the electron

pulses is vital to produce
diffraction patterns that reveal
structural dynamics.
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PROJECT ROADMAP

e REPLACEMENT IQ MODULATOR SYSTEM FOR THE KLYSTRON DRIVE CHAIN e

IQ Modulator Repair and Characterization o __ e | | 9 e | | o

This project aims to replace the aging IQ modulation unit in
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the klystron drive system. The existing modulator is ::@" Vi [ /7/ {:E_r: @ ADL5375-05 IQ Modulator —_—ls —
. . . e . " il s = s = Network analyzers e5063a 400khz -

characterized by measuring gain, identifying saturation limits,
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: . DEFINE CHARACTERIZE MAP PHASE & AUTOMATE VOLTAGE IMPLEMENT CLOSED-LOOP DELIVER REPLACEMENT ore FHAse 14ghz

and mapplng phase and ampIItUde Contr0| VOItageS' These REQUIREMENTS EXISTING MODULATOR AMPLITUDE VOLTAGES SELECTION FEEDBACK IQ MODULATOR SYSTEM

resu ItS are used to aUtomate VOItage SeleCt|0n and Understand the needs of Measure gain and identify Map the relationship Develop algorithms and Integrate feedback Achieve a maintainable, \BEP

imp|ement Closed_|00p feed b a Ck The go al iS tO deve|op a the klystron drive chain, saturation limits to establish between phase and control logic to automatically mechanisms for real-time repeatable, and IBEN

) performance goals, and the modulator’s operating amplitude control set optimal phase and correction and stable, feedback-ready 3 RFOUT

re“ab'e, m aintainable’ and re peatab'e replacement |Q integration requirements range and performance voltages across the amplitude voltages for consistent performance replacement system for QBBP bsop
for the replacement baseline. operating range. desired operation. in the klystron drive chain. the klystron drive chain. QBBN

modulator system for the klystron drive chain. 'Q modulator system.

ADL5375-05 IQ Modulator Schematic

------ / END GOAL A reliable, maintainable, and repeatable Replacement IQ Modulator System that - & e e w EDU36311A Triple OUtPUt
T O seamlessly integrates into the Klystron Drive Chain and supports future feedback-based control. = . . « « « . Programmable DC Power Supply

Results and Analysis Significant Figures

/ Conclusion and Future Works

LASER ALIGNMENT PROGRAM - HOW IT WORKS The projects presented demonstrate the interdisciplinary

A Python'based graphical user intel‘face (GUI) was bbbbbb = The program autor.natically alignsalaselrltothecen.teroftwo circular iris targets . . . . .
deve]oped to integrate beam_monitoring cameras with i /,,.»"""/1/‘1717‘ ] Uing camiins.ahd procieiofmatofizot actiiare englneerlng prlnC|p|eS that Undel’pln mOdern aCCe|eratOl’
motorized mirror mounts, enabling remote control of the M e science, integrating optics, electromagnet design, beam
laser alignment process. The system provided real-time d : : . . - -
namics simulation, and RF instrumentation. By combinin
beam position feedback, reducing the need for manual [.Q. _2;’;‘:L‘ﬁjﬁ;ﬁ';‘:f;fm”a} y _ _ _ y _ 9
adjustments and improving the efficiency, accuracy, gui of Laser Alignment Program BH Curve of Quadrupole Magnet -Detec*a"dr"f‘g"fe2“"1*"5 ComPUtatlonal mOdelmg, automation, and eXperlmentaI
and repeatability of laser alignment. [ O L ] techniques, this work addressed key engineering challenges
Quadrupole magnet models were designed using e that improve the performance, reliability, and maintainability of
Opera 3D finite-element software to evaluate their [ 155w Loor s commous particle accelerator systems. These contributions support the
magnetic performance. COMI scripts were used to TR T L Aoyt [ oo development of advanced research infrastructure, enabling
analyze magnetic field gradients, integrated gradients, 0] Graba famefom ’ A ks : lerat £ d di th
and B-H characteristics, verifying that the simulated - _ ] I more precise accelerator operation and expanding €
field distributions were consistent with expected si’:}gh of Angle by Radial Magnetic @gngf;ﬁf;;igl;:g;m] S | B capabilities of scientific facilities such as Brookhaven National
accelerator magnet performance. g : Graphs of Angle by Radial ] o " Laboratory for future discoveries.
Magnetic Field by varying e iy = DA
Electron beam simulations were performed using \\_\ current density 69 Pt f: ore } [0 (Em,w,hm.,r.mm}"’ o
ImpactX to investigate the effects of Courant-Snyder . \\ PR e mesgEENER I | ves ’—*T Referen ces
beam parameters on beam size, emittance, and energy S R EAAm Bamasiauasas! mRESas L:l :h4 UPDAtTf Elspw } @;ﬁo,ﬂ“{h,jm:j,nf;,]ﬂ' w8 . .
evolution- The Simulations demonstrated hOW \4 - '. . -. _. '. Ii! .. [ ! '.I ; .I. '. - Ht '. .l and status on the GUI SEL ) [1] LI‘: W- (2026, JUIy 17). ImpaCtX tutor’a/ . .
C imising these parametere moroves. slection beam | | SaicaRee T Sacansacid \ ;3 ' ;‘Liliﬁtﬁt‘i’:ifid, [2] Ffmson, J. (2020, March'1 9). The power of attraction: Magnets in
quality, providing insight into beam dynamics for Focus length of Quadrupole in B acmageszaiticeans (/R oo particle accelera_tors. Fermilab. https://ngws.fnq/.qov/2020/03/the-
ultrafast electron diffraction (UED) applications. Drift E25 aesens ar —— sie R \“‘"\"')fjgm/ power-of-attraction-the-use-of-magnets-in-particle-accelerators/
C e e P R a | ' s [3] Brookhaven National Laboratory. (2019, October 4). Accelerator Test
I s bactyEnd 6. SHUTDOWN "
_ _ _ Ams=mss _ SfamaEsassmmasy W i O e Facility (ATF)._https://www.bnl.qov/atf/

The 1Q modulator was characterized by varying the voltage difference B yspuaEmEEEASCUCERaE B ctgegdiim - Discomect motrcontrl i o A [4] Basler AG, pylon Camera Software Suite Documentation, 2025.

between the positive and negative 1/Q inputs and analyzing the resulting _ _ _ B ot £y = 7w ol 2 [5] Keysight Technologies, E6063A ENA Network Analyzer

output signal response. This analysis improved understanding of the flmulz;:ll?n andtgeflgn of Wi e Programming Guide: CALCulate:DATA:FDAT Command Reference,

modulator's performance and operating characteristics, providing the data aser Alighment Setup - 2025.

needed for system calibration and the development of a reliable replacement

|Q modulation system for accelerator instrumentation. \ /
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