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Ultra-bright Coherent Undulator 
Radiation Driven by Dielectric Laser 

Accelerator

•Y.C. Huang, R.L. Byer, D. Zheng, and W. 
Tulloch, “A Proposed Structure for GeV per 
Meter Crossed-laser-beam Electron Linear 
Accelerator,” Appl. Phys. Lett. 5,  (1996) 10.
•Y.C. Huang and R.L. Byer, “A Proposed 
High-gradient, Laser-driven Linear 
Acceleration using Cylindrical Laser 
Focusing,” Appl. Phys. Lett. 69 (15) 
(1996).

DLA in 1996



OUTLINE

1. Dielectric laser accelerator (DLA)

2. Short-bunch radiation

3. Brilliance of DLA-driven coherent undulator 
radiation (CUR)

4. Conclusions



https://achip.stanford.edu/Accelerator on a Chip (ACHIP)
• Direct-field acceleration
• High laser damage resistance on dielectric – high acceleration gradient



Driving wavelength  ~ 1m
electron bunch length ~ 1 nm
Bunch Charge = 1~ 10 fC
Gamma = ~500 MeV

Dielectric laser accelerator (DLA)

Envisaged DLA-driven Coherent Undulator Radiation

~50 cm (GeV/m)
T. Plettner, R. L. Byer, Phys. Rev. ST Accel. 
Beams 11, 030704 (2008).

100 cm

u = 1 mm (Nu = 1000, 0.1% bandwidth)

Bpeak = 3 T (subject to laser damage)

au = ~0.22 (undulator parameter)

Dielectric laser undulator (DLU)

*good scheme to keep au for small u



Dielectric laser accelerator Dielectric laser undulator

laser laser
in-plane polarization out-plane polarization

radiation
electron 
injection

… … …

macro-bunch contains M micro-
bunches/optical cycles

rms micro-bunch width 
= b

b

macro-bunch repeats at the laser pulse rate

Tlaser/3500 ~ 1 as (or 
0.3 nm)

Total electron bunch rate fb = Mµ flaser, flaser = laser pulse rate

*The scaling factor of 3500 is extrapolated from RF accelerator (RFA)

Bunch Structure of a DLA



)(b : bunching factor, Fourier transform of the micro-bunch profile

Total radiation spectral power is

N: # of electrons in a micro-bunch
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fb: electron bunch rate

Short-bunch enhanced radiation - superradiance
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At, say,  = 10 nm, where |𝑏ோிሺ𝜔ሻ|ଶ~0 and |𝑏ሺ𝜔ሻ|ଶ~1,

Ratio of radiation spectral power

Much Reduced Beam Power for High-brightness Radiation

for an equal bunch rate fb and N >> 1 for both the DLA and RFA beams.

Eg. NDLA = 8104 (13 fC) for NRFA = 6.25109 (1 nC).  A much lower beam 
current and beam power for DLA to achieve same radiation power. 
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Spectral power enhancement factor subject to same beam power  
fb,DLANDLA = fb,RFANRFA
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with b, DLA = 1 attosecond 
(2.35-attosecond FWHM) )

(planar, multi-beam DLA?)



A bold comparison between DLA CUR and a synchrotron
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Brilliance of Coherent Undulator Radiation 
photons/s/mm2/mrad2/0.1%BW
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uu aaM where

Given a design wavelength, 
(1) it is desirable to have a large NDLA
(2) A high bunch rate increases the 
average brilliance.   

au

[JJ]

N DLA : # of -bunch electrons

Short-bunch enhancement

for a planar undulator.



Brilliance of DLA Undulator Radiation (diffraction limited) 
photons/s/mm2/mrad2/0.1%BW
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Peak Brilliance

Average Brilliance
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Competing terms

Competing termsRadiation pulse length 
= slippage length   /2 us N



System parameters for calculating peak and average brilliances of 
coherent undulator radiation (CUR) driven by DLA (0.5~5 kW beam power)

System parameters 
Remarkitem unit quantity

Driving laser 
wavelength,  µm 1

100,000th of the 10-cm S-band RF 
wavelength

FWHM bunch length, 
b 

attosec
ond 2.35

scaled for the 1-µm optical 
wavelength based on demonstrated 

100~200-fs RF bunch

Bunch Charge fC 1, 10 6,250 and 62,500 electrons/bunch

Bunch rate, fb GHz 1
100 optical cycles in a ~300-fs pulse 

repeating at 10 MHz

Beam energy GeV < 0.5
Used as a variable to tune the 

radiation wavelength

Undulator period mm 1
Eg. a fixed value to radiate at  > 0.5 

nm for beam energy < 0.5 GeV

Undulator 
parameter, au NA 0.22

3.3-T peak undulator field under laser 
damage to dielectric undulator

Number of undulator 
periods, Nu NA 1000 radiation bandwidth ~0.1%



*Curves other than DLA CUR are adapted from Zirong Huang, SLAC-PUB-15449
[**] T. Plettner and R. L. Byer, Proposed dielectric-based microstructure laser-driven undulator. Phys. Rev. ST Accel. Beams 11, 030704 (2008).

Roll-off due to 
decreased 
superraidance

Peak brilliance higher than or comparable to 3rd-generation 
light source (due to superradiance)

[**]

4th Generation light 
sources



*Curves other than DLA CUR are adapted from Zirong Huang, SLAC-PUB-15449.

Average brilliance comparable to 3rd-generation 
light sources in the EUV/soft-x-ray spectrum (due to 
high bunch rate + superradiance)



DLA average beam power is 
much smaller!

~GW circulating power 
(Taiwan photon source)

0.5 kW ~ 5 kW beam power

DLA stands high when normalized to beam power



CONCLUSIONS
1. Dielectric laser accelerator (DLA) is potentially 

compact, stable, high-gradient, and high-efficiency for 
radiation generation. 

2. Nano-bunches from DLA permit high-brightness 
superradiance in the VUV/EUV/soft x-ray spectrum.  
DLA-driven CUR is predicted to have peak/average 
brilliance comparable to a synchrotron.

3. In particular, DLA-driven coherent undulator radiation 
has a much higher brilliance/beam-power than a 
synchrotron.

THANK YOU FOR YOUR ATTENTION

~GW circulating 
power (Taiwan 
photon source)

0.5 kW ~ 5 W power 
(adapted from 
https://achip.stanford.
edu/ )



Working Group C: Compact Light Sources
Conveners:  Massimo Ferrario/ LNF

Masaki Kando/ QST
Yenchieh Huang/ NTHU, Philippe Piot (on-site)

Please send your 1-page summary slide to  Prof. Philippe Piot ppiot@niu.edu
AND copy the email to Prof. Yenchieh Huang ychuang@ee.nthu.edu.tw
by 5 pm, Wednesday, Aug. 30th   

# of papers: 22

MO4/Orion-DC3, 16:30 ~ 18:00
TU1/Coronado, 8:30 ~ 10:30, TU4P, poster session
WE2/Orion-DC3, 11:00 ~ 12:00
TH2/Coronado, 11:00 ~ 12:30
FR1/Coronado. 08:30 ~ 10:30, summary talk

67th ICFA Advanced Beam Dynamics Workshop on Future Light 
Sources (FLS 2023), Lucerne, Switzerland, from 27 August 

to 1 September 2023



<<
  /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


