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A Scientific Driver
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Strong resonant excitation of vibrational modes in the 3 — 30 THz range has led to the
control of functional properties such as superconductivity, ferroelectricity, and magnetism in
complex materials...

Which structural pathways and time scales
lead to such phenomena?
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Current laser-based THz sources at LCLS

LCLS THz sources are based on the existing laser infrastructure which
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Current laser-based THz sources at LCLS
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Current laser-based THz sources at LCLS

LCLS THz sources are based on the existing laser infrastructure which
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Current laser-based THz sources at LCLS
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Current laser-based THz sources at LCLS
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Current laser-based THz sources at LCLS
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At the 10 — few 100 KHz repetition
rates afforded by LCLS-II, there
exists a “THz gap” from 5 — 15 THz




Proposed THz Beamline
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Goal: 10 cycles — 10 yJ Energy — 10 THz frequency (3-30 THz tunable)
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« The THz wiggler is installed on the soft x-ray beamline
« LCLS-Il RF Gun produces two bunches that are delayed by approximately 100 ns
« The first electron bunch is compressed and sent through the THz wiggler.

« The second bunch is optimized for x-ray generation



THz Electromagnet Wiggler (Collaboration with ANL)
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The transport problem

One of the primary challenges to realizing a wiggler-
based THz source for LCLS-II:

THz radiation must be transported over distances of:

. 120 — 150 meters to reach the Near Experimental Hall hutches !

~ 350 meters to reach the Far Experimental Hall hutches



The transport problem
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Sketch (to scale) of the path from the Undulator Hall through the “maze”
to the X-ray Pump-Probe hutch

~30m I |

N
A 4

' @
Door to X-Ray
(] Pump-Probe Beamline

Wiggler Total path length: 120 meters!

~30m

A
v

12



The transport problem

()

Rayleigh length (z,.): distance after which a Gaussian beam of a given
waist (w,) and wavelength expands by /2.
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For a beam with 2wy =5 mm
and wavelength:

v

A =800 nm (375 THz): z,. = 24.5 meters

A=10um (30 THz): z,, = 1.96 meters

z, = 0.196 meters !!
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The transport problem

We can eliminate much of the difficulty by simply working with larger
beams...

For a beam with 2w, = 100 mm and wavelength:
A =10 ym (30 THz): z,. = 785 meters

z, = 78.5 meters



“Stretched” Relay Imaging
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« Allow the beam to propagate over long
A =100 ym (3 THz) straight paths in the maze with minimal
2w =100 mm [7:—_ diffraction
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* Relay-image the beam at 90° degree turns
< >£ 3 using off-axis parabolic mirrors (OAPS)
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« The beam can be transported over the
120 meter distance using 11 mirrors.
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How can we test this?

Currently, we are testing this transport concept over reduced
(12 — 25 meter) length scales at the limits of the prospective
wiggler spectrum

(3 THz and 30 THz)



How can we test this?

The diffraction of a Gaussian beam envelope over a distance z is determined
solely by the Rayleigh length z,
[The parameter z/z, is what matters]

Beam waist W(z) = WO\/(I + (z/z,)?) \W%W(Z)
< . > Z

Radiusof  R(z) = z(l T (Zr/Z)Z)
Curvature /\

We can develop transport / alignment strategies over reduced length scales
[10 — 20 meters] in the laboratory...

...and they should work equivalently for longer (120+ meters) distances.



Laboratory tests at 10.6 um Wavelengths

Beam Expander
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Laboratory tests at 10.6 um Wavelengths
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Summary

« We propose a mirror-guide system to route THz radiation in the 3 — 30
THz range over the 120 — 150 meter distance to the near hall hutches.

 We minimize the number of mirrors needed for transport by exploiting
the long Rayleigh length associated with large (100 mm diameter)
beams
 12-meter reduced-scale transport experiments confirm negligible
diffraction losses and that ohmic losses are on the order of 1% per
mirror at 30 THz.

« Transport to the NEH with efficiency as high as 89% is feasible!
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Current and Future Directions
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Currently, we are conducting a similar 12-m test at 3 THz wavelengths using a THz
quantum cascade laser.

—— 3 THz beam focused after 4
. | meters of transport

Focused / (further transport requires
THz beam enclosed / dry-air purged
system)

Future tests: Transport the 3 THz beam over a 25 meter distance using 4”
custom parabolic mirrors with 3 meter focal lengths in a purged environment.

Further numerical studies:
« Considerations beyond 10% bandwidth

« Model transport using theoretical THz emission profile from wiggler )



Acknowledgments

This project is supported by:
Department of Energy (DOE) Office of Basic Energy Sciences (BES)
Accelerator and Detector Research

Alternate waveguide strategy for extended transport to the Far Experimental Hall:
Adham Naji, Mohamed Othman

22




<<
  /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


