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Future light source?  

[An imaginary file picture released by 
Hanwha Corporation]

Both the strong and the weak shape up the future…. 



How long have we struggled with emittance, energy 
spread, space-charge force, and bunching?  

Extracted from my PhD thesis (1995)



Let’s pick up just one electron…

https://www.pixtastock.com/illustration/43590645https://depositphotos.com/vector/cartoon-running-man-120101504.html
well-behaved electrons in photonic crystals, meta-materials, plamonic surfaces etc.

Single-electron FEL?

Single-electron sources
TEM

> 10 ps or ~ 1 mm 

L ~ 100 m

(1) CW-current TEM: 
Nano-Ampere 

(2) fs-laser-excited TEM: ~1 electron per pulse @ ~100 MHz
a train of single electrons 



dielectric laser accelerator

laser

in-plane polarization

periodic single electrons in 
a nano-channel (repeating 
@ drive laser freq.)

Dielectric Laser Accelerator

Peralta, E., Soong, K., England, R. et al. Demonstration of 
electron acceleration in a laser-driven dielectric 
microstructure. Nature 503, 91–94 (2013). 
https://doi.org/10.1038/nature12664

https://achip.stanford.edu/
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Dielectric-grating-waveguide FEL Chip – 1-D 
photonic crystal

n2

guided-mode mediated Smith-Purcell radiation

n1

dielectric-grating 
waveguide

Substrate material: silica

Forward wavebackward wave

Guided resonant wave

Electron

silicon film layer



Design Guidelines
Yen-Chieh Huang, Luo-Hao Peng, Hossein Shirvani, Wen-Chi Chen, 
Karthickraj Muthuramalingam, Wei-Chih Wang, and Andrzej Szczepkowicz, 
“Single-electron Nano-chip Free-electron Laser,” APL Photonics 7, 096101 
(2022). (editor featured article and cover story of the journal).
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for 0 = 1.5 m (0.2 PHz), 
50-keV electron
Structure length = 31 m
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0.4
substrate light Line
(backward), ns = 1.5

0.2008 PHz

film light line
(forward), nf = 3.4

film light line
(backward), nf = 3.4

substrate light Line
(forward), ns = 1.5
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0.2890 PHz

Dispersion Diagram
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0.2 ps

0.6 ps

vacuum



single electron

Cherenkov Radiation
Thick material substrate, refractive index = ns

1-electron Radiation w/o Waveguide

External 
radiation 
(weak & 
broadband)

Internal 
radiation 
(broadband)

CST simulation

z

y



Grating-waveguide FEL 
driven by 1 electron

vacuum



single electron

Thin-film waveguide, nf

Thick material substrate, refractive index = ns

0.2 ps

0.6 ps

Bragg resonance

CST simulation

z

y



Hx Field Animation
y

z

0.25-ps electron 
transit time



Laser at 3 m

in-plane polarization
vacuum



25 periodic electrons @ 0.1 PHz

Thin-film waveguide, nf

Thick material substrate, 
refractive index = ns

FEL chip

Dielectric laser accelerator 
driven by a 3 µm (0.1 PHz) laser

Grating-waveguide FEL driven by Periodic Single 
Electrons

0.2-PHz 
radiation field

0.9 ps

0.2 ps

0.1-PHz 
electron field



0.9 ps

Hx Field Patterns

0.25-ps 
injection time

All electrons exiting 
the structure

radiation ringdown



Harmonic Radiation Spectrum

coherent Smith-Purcell 
radiation

Backward 
Bragg 
radiation

Forward 
Bragg 
radiation



Fabricated structure on Si (courtesy of 
Prof. Wei-Chih Wang of NTHU)TEM experimental chamber

Experiment

Radiation from Silica Nanosphere (c)

Red shifted with increased size

Radiation from Silica Microsphere

further red-shifted

electrons

Xuan-Long Ho Xuan-Long Ho



Radiation from optical superlattice

88 quarter-wave dielectric layers with a stopband 
between 550-675 nm

彭珞豪, Xuan-Long Ho, Alexey Kopeykin, Evgenii Kalinovets, 
邱柏凱

Owing to the grating resonance, the spectrum from the fiber grating is red-shifted with respect to that 
without the grating. The backward radiation after the grating (point 1) is blocked by the grating at the 3rd

order Bragg resonance. 

Radiation from fiber grating
彭珞豪, Xuan-Long 
Ho



Conclusions

Coherent Smith-Purcell 
Radiation

BWO
beam

DFB/Bragg laser

1. A free electron interacting with photonic structures opens up 
opportunities for ultra-compact coherent radiation sources.  

2.  Single-electron FEL built upon a dielectric-grating waveguide is 
numerically demonstrated at 0.2 PHz and its harmonics. 

3.  Experimental tests are on-going by using a TEM beam.

THANK YOU FOR YOUR ATTENTION



<<
  /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 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 /Remove
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 ()
  /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 false
      /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 [595.000 791.000]
>> setpagedevice




