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High-Energy Photons from Compton Scattering of Light on 6.0-GeV Electrons™
Carro Bemrorapt, Ricuarp H. MILBURN, AND NOBUYUKI TANAKA
Depariment of Physics, Tufts University, Medford, Massachusells
AND

Mmcm Forivo
Cambridge Electron Accelerator, Harvard University, Cambridge, M assachusetis
(Received 28 January 1965; revised manuscript received 1 March 1965)

Compton scattering of optical photons on 6.0-GeV electrons has been observed at the Cambridge Electron
Accelerator. A giant-pulsed ruby-laser burst of 0.2 J, impinging upon a 2-mA circulating electron current,
was observed to yield about 8 scattered photons per pulse. These photons acquire, through a twofold
Doppler shift, energies of hundred of MeV, and are expected to retain to a high degiee the polarization of
the laser beam. The observed yield is compatible with predictions based upon the theory of Compton
scattering.

T.H. Maiman [Z&BJLE—L—H—®M B (1960)
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X#R 81 (E < 100 keV) FE#AER LCS-X #iF45 MeV U=T7 %
Ex =20-40 keV  courtesy of R. Kuroda
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Application Space
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m jll-_alﬁ 1—L$E - ~ I\jx I\ Energy ~ 42 MeV | Wavelength 800 nm j X-ray y 4|

9 711& I‘* \ﬁlﬁ ; == JEIE% fhatge 1nC | Pulse energy 140 mJ detector |
\

Bunch length (rms) 3 ps Pulse width(FWHM) 100 fs

X-ray energy Pulse width (rms) Total flux

90° ~ 20 keV 150 fs (for fs exp.) ~10%/s@10Hz

~107 /s@10Hz

3 PS (for imaging exp.)

Achromatic arc.

Multi-collision LCS with laser cavity (under development)
Expected X-ray flux : 5 x 10°/s@10Hz

Storage
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s00pciounch IR Ex = 15-28 keV
100bunch/train
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D. Moncton, FLS-2006 WS. MIT Center for Accelerator Science and Technology

Bandwidth and Divergence Effects
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calculation by using a formula in [1].
[1] F.V. Hartemann et at. Phys. Rev. ST AB 8, 100702 (2005). 11
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BIALARIZEB ORFE LB HE YLEEL (Nuclear Resonance Fluorescence)
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R. Hajima, T. Hayakawa, N. Kikuzawa, E. Minehara, J. Nucl. Sci. Tech. 45, 441 (2008).

14



=L
Y
—
[T
A0
>
N

NRFZEE&—

50 mm 20 h 60
Energy
\55 mm 10 Pt b o 439keviic
Lcs E Py —% — < st ke N
y-ray beam : ~ N = 0 T I T2 0 015 404 :
S = . 2t m39 y .
1 N \_\ peu 5 10 nennt r—i—| 2 4085 1+ | | 3948 % 304 4842 keV : 2°Ph
L A R 5 e T 0+ | |2313 ° 20l
-— -— |3 é’ il Pb Absorption | |Emission A mclibid | ‘
Fe 15 mm 15 mm -20 Absorption| | Emission 104 g ke | )
\ ~n o - - - \ \ \
- )L S — o] » 40 50 Flux of gamma-rays 208p = * —_ L 1 $ — E# R — ‘4700 4800 4900 5000
RGLAD—RITIVELD “RERMADRERE o
N. Kikuzawa et al., APEX 2, 036502 (2009). T. Hayakawa et al., RST 80, 045110 (2009).

40t o ™pp (5004 keV)
o Iron plates t=15mm sl —e—™Pb Es12keV)
Fe
50. 20 | ——
Ewfpt E 10 H_".:.:‘ ™Pb
g % "'m 208Pb ::_: 0-'—0“ —— I 26pp,
.:7: 2 ¥ E -10 ! rat gy
o e -20f . o
10 LCS T : 56 Fe
j AN — — o » T w0 gammal ; 1 N — o4 »
BRLAD —R<IvEVDT “RERAD—RITIIELY
H. Toyokawa et al., JJAP 50, 100209 T. Shizuma et al., RSI 83, 015103 (2011).

(2011). "



AELEICKRDZME D IEHERAIE

B 7E 5 4 Energy [keV]
) A
Tunable 242
AF¥rw Pu-239 OBELHV=IR T ———— — — — __A_ﬁ3
A 4
LGS o< Absorption Emission
E#& 2mm ~ 2cm
s w2l v 0
Flux of gamma-rays 239 Pu

RSAEDAE

2~5MeVDiE Y75 Ehkc R EEZF A

BN DNVITSOUREER(TTV—/\) TRESES

T. Hayakawa et al. Nucl. Instr. Meth, A 621, 695 (2010).
16



IRIGEIC R DI E D IEIREIE

239pupi B EIRIREN S
'
AIEREE. REFIERDEE
IZECE 9 5 2BIPpUNE NG S

A

29PpyDITHIJLF—

A .

T ILBEBREDARIEL

Pu-239 &> Witness Foi |

/

Pu-239 8KEL 7 7 ZPuNEBIEH

A

Afty BDARIRL 239py )

(I

LCS 77 > < #R

= 239py, AR AR ‘ .
- BHEBOARTNL
Pu239Tl%2.42MeVIREED FI FH (— 1)

-BIGLKEEMNIEFEIZH N> TLSIEZELE ¥ % witness foil ELTHLYS
GAERBENSD NI T TOURIZEEINIZLY
17



FED

L—H—a TR (LCS)

L—H—. IRFZDOFMER > ERIEA
XHRPELE /N IR, FE/NILAEZENL T, D
J'E,J?tOD/%/”:IMI:

YRR R RAIEMNDHE

ERL:

£Syis

1 (H23~H25)

BEEL DOHE—D IR
BEIZIVARAKERE—LIZLCSIZEFF
CERL:LCSIHtIRMEFIEER. XFEEBMmEEIZT

18



	スライド番号 1
	レーザー・コンプトン散乱による高エネルギー光子ビームの発生
	レーザー・コンプトンＸ線の単色化
	cERL におけるレーザー・コンプトン散乱
	レーザー・コンプトン散乱光源の歴史
	代表的なレーザー・コンプトン光源
	代表的なレーザー・コンプトン光源
	レーザー・コンプトン光源の高輝度化
	レーザー・コンプトン光源の単色度を決める要因
	蓄積リングを用いたレーザーコンプトン光源
	スライド番号 11
	ＥＲＬを用いたレーザー・コンプトン光源
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18


<<
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


