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Motivation of “beam on demand”

To enhance the multiplexing of FEL facility

* MHze-beams from SRF linac can support multiple undulator lines simultaneously

* The wide-ranging requirements for the photon properties from multiple undulator lines demand more challenging

beam manipulation techniques.
Undulator farm

______________

Increase facility multiplexing and keep high
flexibility of photon properties

U

Beam on demand: provide tailored beam properties
for each undulator line at the desired repetition rate,
including beam current, bunch length, beam shaping,
beam charge, beam energy ...
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Beam on demand

Develop various methods for LCLS-I

(. Normal-conducting chirper cavity )
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Normal-conducting chirper cavity

Shot-by-shot control of beam compression
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Normal-conducting chirper cavity

Shot-by-shot control of beam compression

M. Nasr, P. Emma, S. Tantawi, IPAC2016
Z. Zhang et al. RSI, 94, 024706 (2023)
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Normal-conducting chirper cavity

M. Nasr, P. Emma, S. Tantawi, IPAC2016

Shot-by-shot control of beam compression Z. Zhang et al. RS, 94, 024706 (2023)
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Normal-conducting chirper cavity

Cavity RF design

Preliminary RF design for different RF frequencies
(3.9/7.8/11.7 GHz), iris radius (6/8/10 mm) and
cavity types.

Keep the chirping capability for all designs
fclGHz] - V;[MV] =5

Higher frequency leads to smaller RF power and
shorter fill time.

However, no commercial SSA sources available at
high frequency (7.8/11.7 GHz) .

3.9 GHz is the primary option since it needs a
similar SSA with the harmonic linearizer that is
already in the LCLS-Il accelerator

i\, BeamonDemand for SRF Based FELs

TABLE Ill. RF parameters of accelerating structures for LCLS-II-HE chirper.

Z.Zhang et al. RS, 94,024706 (2023)

RF Cavity  Iris Input RF  Filling Shunt
frequency voltage radius Circuit power time impedance
(GHz) (keV)  (mm) type (kW) (ns) (MQ/m) afA Qo
VR 6 Single pass 12.4 1000 83.5 0.078 12746
3.9 1282 8 Single pass 16.0 1000 63.7 0.104 11 684
) 10 Single pass 20.2 1000 50.0 0.130 10471
10 Resonant ring 12.0 696 69.3 0.130 12909
6 Single pass 3.95 391 63.8 0.156 7 606
78 641 8 Single pass 10.8 273 233 0.208 5313
8 Resonant ring 3.42 344 60.3 0.208 9 267
10 Resonant ring 4.59 325 44.8 0.260 9 540
6 Single pass 3.87 160 29.0 0.234 4 568
11.7 427 6 Resonant ring 1.50 178 61.1 0.234 7576
8 Resonant ring 2.27 184 40.3 0.312 7984
~— 10 Resonant ring 3.33 204 272 0.390 8 591

E. Snively and V. Dolgashev



Laser heater shaping

Laser heater shaping can be used for ...
D. Cesar et al., PRAB 24, 110703 (2021)

* Single ultrashort spike for attosecond generation
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Selective laser heater shaping

Apply shaping on the desired electron bunches
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Selective laser heater shaping

Apply shaping on the desired electron bunches
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Selective laser heater shaping | messurement

) . i : From S. Li
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Multiplexed injector configuration

Produce low-emittance electron beams of different beam charges

* Injector settings are usually optimized for a given beam charge (100 pC, 50 pC and 20 pC for LCLS-II)

* Explore the possibility to deliver multiple beam charges from the LCLS-Il injector

Optimization for single charge
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Optimization assumptions:

Shared parameters: all magnet and RF settings

Tunable parameters: mainly from the drive laser,
e.g., laser arrive time, laser pulse duration and laser

spot size
12



Multiplexed injector configuration

Optimization results
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Bunch length
* 100pC:1.0mm
* 50pC:0.8mm
e 20pC:0.6 mm

A:no tunable parameters for different charges
B: customized laser spot size for each charge

C: customized laser pulse duration for each charge

Beam on Demand for SRF Based FELs

Z. Zhang et al., Frontiers in Physics, 11, 249 (2023)
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Multiplexed injector configuration

Optimization results

* Bunchlength
* 100pC:1.0mm

* 50pC:0.8mm
e 20pC:0.6 mm « C:customized laser pulse duration for each charge

* A:notunable parameters for different charges

* B:customized laser spot size for each charge

Parameter Baseline Case B
100-pC o, mm 1.00 | 1.08 1.10 1.06
50-pC o, mm 0.80 | 0.87 0.80 0.83
| 20-pC o, mm 0.60 | 0.58 | 0.55 0.69
100-pC e, pm 0.20 | 0.46 0.24 0.30
| 50-pC e, pm ‘ 0.15 0.27 "‘ 0.15 | 0.16
20-pC e, pm 0.10 | 0.29 0.10 0.16
o1 an SUM of e, pm 0.45 1.02 0.49 0.62
o7 b M\
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Multiplexed injector configuration

Deliver low-emittance beam beams with three charges
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Summary

Beam on Demand

* Thewide-ranging requirements for the photon properties from multiple undulator lines demand more challenging
beam manipulation techniques.

« Beam compression, peak current and bunch length 2 normal-conducting chirper cavity in CW mode

« Beam shaping, current profile, special features = selective laser heater shaping

« Beam charge - multiplexed injector configuration

* Moretobe explored ...

* Thanks for the funding support from DOE BES - Accelerator and Detector Research.

Thanks for your attention.

g
?)

Beam on Demand for SRF Based FELs

(A}
5.-
(




<<
  /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




