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A Tunable Radiation Source from Laser-plasma Generated Electrons
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Near-infrared radiation with wavelength around 1000 nm is experimentally observed by coupling a
periodical metal grating to the MeV electron beams with high current density generated in the intense ultra
short pulse laser and solid target interaction. Simulations prove a prospect of tuning such kinds of radiation
into sub-mm waves, which holds a promise for a tunable compact “table-top” powerful Tera-Hertz source.

1. Introduction

Special  radiation called  Smith-Purcell
Radiation (SPR) could be generated when
electrons pass by a metal surface with periodical
grating structure. Such radiation was firstly
observed by S. J. Smith and E. M. Purcell, and
proved to be tightly related to the electron
velocity, the grating period, and the observation
angles in both the experiments and the theories.
The radiation wavelength A is found to have a

relationship as [1]
lzi(l—cosﬁ) 1,

"B
where / is grating period, ¢ is observation
angle, n is harmonic order of the radiation,
B =v/c is electron velocity, and ¢ is light

speed.

In this paper, we present a different
configuration to generate such kinds of radiation
by use of the energetic electron beams produced
from the intense ultra short pulse laser and
plasma interaction. Near-infrared radiation (NIR)
with wavelength around 1000 nm is clearly
observed in our experiments and shows an exact
satisfaction to the Eq. (1). PIC simulations prove
a prospect of tuning such kinds of radiation into
Tera-Hertz (THz) wave, strongly indicating a
hope for the fruitful applications by having a
tunable “table-top” THz source.

2. Experimental results and discussions
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Fig.1. (a) Experimental configuration of the electron
beam and the grating structure. Images at the emission,
or upside, surface of the solid target for targets with
smooth (b) and grated (c) surfaces.

Experiments were performed in both the
SILEX-I laser facility in National Key Laboratory
of Laser Fusion, CAEP in China, and the P3 laser
facility in Graduate School of Engineering, Osaka
University in  Japan. The  experimental



configuration is shown in Fig. 1(a). A 1/830 mm
grating is chosen to realize output radiation in the
NIR range, to which our spectrometer and CCD
camera are sensitive. For comparison, another target
with the same specifications but having a smooth
flat upside surface is also used. Both targets are
made of BK7 glass, with the upside surface coated
with gold.

The spatial distributions of the NIR radiation
from the targets with grated and smooth upside
surfaces are shown in Fig. 1(b)-(c). The effect of
the grating on the radiation can be clearly seen by
comparing the radiation patterns from the grated
and smooth surfaces in Fig. 1(b) and (c),
respectively. A bright radiating spot, of width
500 xm and nearly flat intensity distribution, on the

grated surface is recorded by the CCD camera. In
contrast, with the smooth surface the emission
intensity reaches a peak close to the spot where the
laser hits the target and decreases exponentially
away from it. The energetic electron beam
originating from the laser spot first propagates
inside target plasma, and SPR is emitted when it
reaches and propagates along the grated surface.
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Fig. 2. Dependence of the radiation wavelength on the
observation angle 8. The black (I), the red (II), and the
green (III) solid lines give the radiation spectra emitted

from the side mirror surface and the side grating surface
at the observation angle of 6=80.2°, and from 6=79.6°,
respectively.

Radiation spectra in Fig. 2 measured by the
spectrometer clearly show a characteristic radiation
peak around 1000 nm emitted from the grating
surface whereas no emission peak appears from the
mirror surface. The spectrum peak shifts from 985.6
nm to 997.6 nm as the observation angle changes
from 79.6° to 80.2°, which is exactly coincident
with the theoretical calculation results based on the
Eq. (1) where the shift is from 983 nm to 996 nm at
these two observation angles.

2D PIC simulations are carried out using the
PDLPICC2D code [2]. Figure 3 illustrates the
simulation results for grating with /=10um . The

crescent-shaped wave fronts of the low frequency
radiation shown in Figs. 3(a) correspond to that of
the classical Smith-Purcell result. The Fourier
spectra of the emission fields are shown in Figs.
3(b). One can clearly see that the results from the
first order Smith—Purcell relation agree well with
that from the simulations. And the result indicates a
coherent radiation with tens GV/m field strength.
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Fig. 3. Snapshots from the 2D PIC simulations. (a)
The emission field eE_ /mcw, and (b) the Fourier

spectrum Ez(k) for /=10 ym at 200 laser periods.

The black dots and the red dashes represent the
calculated first order SPR results.

3. Acknowledgments

This work is supported by the Core Research for
Evolutional Science and Technology, Japan Science
and Technology Agency. H. B. Zhuo and M. Y. Yu
would like to acknowledge the support of the
National Natural Science Foundation of China
(grants 10976031, 10975185, and 10835003).
ZM.S. acknowledges the support of the National

Basic Research Program of China (Grants
2007CB310406, 2007CB815100 and
2009GB105002).

References

[1] S. J. Smith and E. M. Purcell: Phys. Rev. 92 (1953)
1069.

[2] H. B. Zhuo et al.,, Phys. Rev. Lett. 105 (2010)
065003.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 false
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


