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ABSTRACT

Accurate adjustment of operational parameters is crucial
for configuring a photoinjector to produce electron
bunches with specific characteristics. The precision in
modifying laser parameters is critical for extending the
applications of photoinjectors. The interaction of the laser
pulse with the photocathode significantly influences the
electron bunch's 3D-phase-space. It is essential to
independently manage aspects like the laser's transverse
shape, energy, and timing profile, correcting any variations
across different time scales. Generating varied laser
intensity distributions allows for improved management of
both the transverse and longitudinal emittance of electron
bunches by influencing the space-charge forces. This study
focuses on laser shaping, given that while the adjustment
of downstream electron optics in an accelerator is
well-established, optimizing laser parameters presents
more challenges.

INTRODUCTION

The transportation of a laser pulse to a photocathode is a
complex process involving multiple optical elements that
relay the pulse from its origin to the electron gun.
Positioned strategically near the photocathode, shaping and
diagnostic optics refine the laser's characteristics, essential
for ensuring the longevity and robustness of copper
photocathodes, which are favored in high-availability
facilities due to their durability. These photocathodes
generally operate with UV laser pulses having wavelengths
from 250 to 300 nm, demanding precise optical
manufacturing to meet the stringent tolerance
requirements. A Spatial Light Modulator (SLM) is a
sophisticated electronic apparatus designed to modulate
the amplitude or phase of light waves across spatial and
temporal dimensions (Refer figure 2). Fundamentally, an
SLM serves as an advanced optical component capable of
manipulating various light properties, typically utilized in
synergy with lasers or other coherent light sources to
achieve precise control over light behaviour. This system
setup includes using a spatial light modulator (SLM) to ad-
just the intensity of the second harmonic of an ATF
Nd:YAG laser at 532 nm, facilitating the optimization of
the photocathode's laser profile through fourth harmonic
generation and image relaying. Refer to Figure 3 for a
detailed schematic of the SLM application. High beam
currents in photoinjectors can disrupt the uniformity of the
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photocathode via ion bombardment, leading to significant
variations in electron density [1]. Furthermore, even slight
wavefront distortions, on the order of less than 15 nm, can
cause modulations in laser intensity of over 10%, adversely
affecting the emittance of electron bunches. Techniques
like Fourier relay imaging are employed to mitigate these
effects, maintaining stability in the laser pathway through
a sequence of image planes, from amplifiers to harmonic
generation crystals, before ultimately reaching the
photocathode. The work by Li et al. (2017) [1] underscores
the utility of ultraviolet laser transverse profile shaping in
boosting the performance of X-ray free electron lasers.
They utilized a digital micromirror device for precise con-
trol of a 253 nm laser, although the low UV damage thresh-
old of this technology limits broader applications.
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Figure 1: Facility configuration.

Alternatively, Maxson et al. (2015) [2] demonstrated
how an SLM could effectively shape the beam of a dc
photoemission gun, using a straightforward algorithm that
yielded highly accurate laser profiles. This project seeks to
harness a liquid crystal-based SLM for meticulous control
over the transverse shape of a Nd:YAG laser's second
harmonic, integrating real-time feedback to enhance
shaping precision.

l Figure 2: SLM.
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Recent innovations have further highlighted the
importance of adaptive optics in compensating for optical
aberrations, thereby enhancing beam quality in
applications requiring high precision [3]. To tailor the laser
profile for specific photoinjector and electron beam
parameters effectively, we initiate a learning phase
involving a neural network. The training comprises two
principal approaches: capturing the photocurrent's image
downstream—reproduced by magnetic optics to mirror the
emission profile at the photocathode—and recording it for
analysis with a phosphor screen and camera. This image
analysis aids in assessing the correspondence between
ideal and actual emission profiles, serving as a fitness
function to refine the neural network [4, 5]. Concurrently,
emittance scans are conducted to adjust the laser profile,
utilizing the collected data as another fitness measure.
These methodologies are evaluated for their synergistic
potential and efficiency.
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Figure 3: Surrogate model.

Our endeavor aligns with the objectives outlined in the
strategic plan of the CBB, employing neural
network-based controllers to optimize beam dynamics and
control outcomes. The insights gained here are also
applicable to the enhancement of beam control in electron
microscopes and could be extended to MeV-class ultrafast
electron diffraction systems.

RESEARCH FOCUS

Our project is dedicated to advancing the control and
precision of electron beam emittance through the
integration of machine learning and sophisticated laser
manipulation technologies, including the use of a spatial
light modulator (SLM). This approach aims to refine the
dynamic adjustment of laser parameters, essential for
modulating the beam profile precisely and enhancing the
quality and consistency of electron beams. Recent
developments in adaptive optics have introduced
promising techniques for precision in beam shaping that
are crucial for achieving our project goals [7].

In collaboration with the Argonne Leadership
Computing Facility, we are refining the electron gun model
within the VSIM framework for the Brookhaven system.
By linking extensive computational resources with the
main ATF at BNL during experimental runs, we enable
rapid model development and refinement, facilitating
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advancements in electron beam technology as illustrated in
Figure 3.

The strategic placement of the SLM between the second
and fourth harmonic generation crystals is a critical
component of our research, allowing for the optimization
of the device's efficiency and damage thresholds. This
setup enables the conversion of a modulated green beam
profile into UV, which is then precisely imaged onto the
photocathode. Additionally, any higher-order energies
deviating from the central beam are meticulously filtered
out using an aperture or the limited acceptance angle of the
fourth harmonic crystal.

Our investigations also extend to a detailed examination
of the photoinjector's parameters, aiming to ensure robust
and efficient laser shaping. This encompasses both
theoretical and empirical studies focused on fine-tuning the
laser pulse delivery mechanisms to the photocathode and
optimizing the overall architecture of the shaping optics.

Central to our research is the development of a machine
learning-driven model that effectively correlates input
variables—such as photoinjector and electron beam
parameters—with optimized laser shaping profiles. This
model benefits from continuous enhancements through
training on data collected from actual system operations,
ensuring it can manage a vast array of variables and
consistently predict optimal configurations. The impact of
machine learning on optimizing photoinjector operations
provides a solid foundation for our modeling strategies [8].

Ultimately, our project not only aims to refine current
methodologies but also to make significant contributions to
the field through scholarly articles. We anticipate the
publication of one or two papers detailing our findings in
the proceedings of highly reputable conferences or
journals.

FUTURE SCOPE

Moving forward, we aim to further refine our model's
training processes to enhance its predictive capabilities. By
doing so, we expect to more accurately determine the
optimal input parameters for the photoinjector and electron
beam, ensuring the best possible outcomes. This ongoing
development is crucial for advancing our understanding
and control of these complex systems, pushing the
boundaries of what can be achieved in particle acceleration
technology.

ACKNOWLEDGEMENT

We gratefully acknowledge the financial support for this
work provided by the U.S. National Science Foundation,
under Award PHY-1549132, and the Center for Bright
Beams. Their support has been instrumental in the
progression of our research and the achievements we have
made.

TUPS77
1863

@2z Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.




15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-TUPS77

MC6.D13 Machine Learning

1863

TUPS: Tuesday Poster Session: TUPS

TUPS77

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


@2z Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.

15th International Particle Accelerator Conference,Nashville, TN

ISBN: 978-3-95450-247-9 ISSN: 2673-5490

REFERENCES

[1] S. Li et al., “Ultraviolet laser transverse profile shaping for
improving x-ray free electron laser performance,” Phys. Rev.
Accel. Beams, vol. 20, no. 8, Aug. 2017.
doi:10.1103/physrevaccelbeams.20.080704

[2] J. Maxson, H. Lee, A. C. Bartnik, J. Kiefer, and 1. Bazarov,
“Adaptive electron beam shaping using a photoemission gun
and spatial light modulator,” Phys. Rev. Spec. Top. Accel
Beams, vol. 18, no. 2, Feb. 2015.
doi:10.1103/physrevstab.18.023401

[3] K. Han, W. Cui, Y. Yang, F. Xi, X. Li, and S. Du, “Evaluating
the Potential of Laser Beam Quality Improvement by Adap-
tive Optics System,” Int. J. Opt., vol. 2019, pp. 1-6, Dec.
2019. d0i:10.1155/2019/1970406

[4] A. Aslam et al., "Convolutional neural network-based model-
ing of an ultrafast laser," Bulletin of the American Physical

Society, vol. 65, 2020.
https://doi.org/10.1103/Phys-RevAcce
Beams.20.080704

[5] A. Aasma et al., "Convolutional neural network-based mod-
eling of an ultrafast laser for superior control," Nuclear In-
struments and Methods in Physics Research, 2022.

[6] "Event Timetable," Brookhaven National Laboratory, 2022,
https://indico.bnl.gov/event/9698/timetable

[7] S. Ma et al., “Adaptive Gradient Estimation Stochastic Paral-
lel Gradient Descent Algorithm for Laser Beam Cleanup,”
ACS , vol. 8, no. 5, p. 165, May 2021.
doi:10.3390/photon-ics8050165

[8] F. Villa, S. Cialdi, M. P. Anania, G. Gatti, F. Giorgianni, and
R. Pompili, “Laser pulse shaping for multi-bunches pho-
toinjectors,” Nucl. Instrum. Methods Phys. Res., Sect. A, vol.

740, pp. 188192, Mar. 2014
d0i:10.1016/j.nima.2013.11.060

TUPS77
1864

JACoW Publishing
doi: 10.18429/JACoW-IPAC2024-TUPS77

TUPS: Tuesday Poster Session: TUPS
MC6.D13 Machine Learning




15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-TUPS77

1864

MC6.D13 Machine Learning

TUPS77

TUPS: Tuesday Poster Session: TUPS

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 40
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 792.000]
>> setpagedevice


