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Abstract

The X-ray FEL project, SCSS, is in progress at RIKEN/SPring-8, and the SCSS prototype accelerator is in operation
to demonstrate the feasibility of X-ray FEL. Due to the necessity of a very short bunch electron beam, the bunch length
is compressed at the beam injector section. For the fine tuning of the injector, therefore, bunch length information is
required. Since the bunch length can be measured by the spectrum of coherent transition radiation, we designed a
microwave spectrometer. The frequency discrimination performance of the spectrometer was confirmed by the
measurement using a network analyzer. We measured the coherent transition radiation spectrum by changing the
acceleration RF phase, and confirmed the capability to estimate the bunch length. By using this spectrometer, the
prototype accelerator was appropriately tuned, and the VUV FEL amplification was observed.

SCSS HREAMESRICBITAab —L v NERBKENZF -7
NUFEREDT-DD~A 7 aikiEEHOBRR

1. [FLE®HIC

BALSERE AT - SREEMF TR & A LR R
VA=, X MEHBET L —P—SCSS FHmi A
HEDOENTEY, FORFRBIEIEEIT O 72DIZSCSS
BRI 2 N E R STV D, AREE TTIRIER
BN TFOE—LENELT 520, B —L AN
B CEEBEM 7 N FIEME 2T O 0 T O A A 55 Y)
WCF a—= 79 570121, TNENONRFE
MEERE TN FREZUET ILERSH S, £ T,
B E— AR WEICEE LTI AT Ao — L
v NEBBH ORI L > TRV FERNET S 2
EEFEx, vA 7 aEEREFOREEI T, AR
T, ZO~A 7 ol Eitoket- LifEtEE- v —
LT —HIZONWTIRRD,

2. NUFRAERE

BT E—LDONRF N T T 7 A )E=F HEE
W7 EI2 M7= 2 LB BNRAET D, £ O~
ANF—PIFIHEEAOMEEE L TCUTOLYICE
Ensnbl:

P(A)=p(H)N[1+ N - f(A)] (1
22, p(A)IEETF S O = R X —
N ZETOEETH S, f(A)ITIRIK T L PR
n, NFORFEOER D NERTE DA,

f(A)= ‘J.S(Z) exp[27y’ %)dz

-
—

2)

328

-
—>

thHz6hnb S(z) IXE DA T
b5, f(A)BNENEE PA) 1E N IS
B, f(A) BEARENES P(A) 1IZ N IHpl L,

B ST —BHGE VIR 5, AT »s =
E—L U MIEZ2TWS72HT, f(A) IO
ab—L U REEERLELDEWVWZ D, LEENRST,
ab— Ly NEBMHO AR NV ERHT S L
TSE)MWRKRED, RUTFENNETELHZ LD,

3. YAV OREREE

SCSSEBANELE TIE, M 1nsecDEEZ D E— L%
IpsecFLE £ TRV FEMT A, L)Ly, =
t—L v FEBBIIIANCTFRELERBREDOKREZ
FoTWwabZenbnd, LEN->T, 1GHz~
1000GHzD A7 kL% JlE T & FUEEBngEss <
DR TFEORENTE D, LrL, ZHEEDA
WIRIZ D DGR EZIED DI L W=, N T
F31000~10psec D53, 9 720 H,1~100GHZFEE D
AR NVERET DI E 2B X,

BINZBR%E LTe~ A 7 o i R O Mg X & <9,
ZOWERHE, BRI R HIRE S 7o
TBY,ZNENDOET A NMZT o7 EFT,
HAF— RS CHRmE A RET 5 72> T
AV

FELTR SR A8 (V3T R Y & 0, D JE B
T OEBIE DD IRV, HEE oW S EE axb
(a>b) &3 25 L MR A O BRI O REIE 2a

»»z
0 = —



WP20

Proceedings of the 3rd Annual Meeting of Particle Accelerator Society of Japan
And the 31st Linear Accelerator Meeting in Japan (August 2-4, 2006, Sendai Japan)

X1 :~A 7 aiRiKkREzOMKX
F£1 o ~A 7 o R ORISR W~k
& BT R I HK
Wriki~Fvs [mm?] | JHEWTE I 2R (GHZ]
40X20 3.75
20X 10 75
10x5 15
5X2.5 30
2.5X1.3 60

LB, ZOXOIT, WBEEE AN NRRT 4L
H— L L THRET 20T, RO 105 ikt
DAY MLVEFHBR T ENTED, ELE
W R F OB B W Tk LR AR LI E L
7,

gL LT, 7Ly T2y —4m8473D

PREHA L, ZORELEOE130.01~33GHz CTH

Do WBIE KRB o HE T JE I B X 60GHZ 72 D

T, LIV LEEHO L DT RN ES

WCFICAD ORI N2 T27208413DE AT D 2

L L,
kB, ZOWREFORME L TR

(1) #EENER, 2o, a7 FThD,

Q) TRTOMEAEFRFIZFHNT 52 &N TED
e, ab—L > NEBBEH O L S 7L R E
BOREICKETH D,

RERBITEND,

4. REFTOBREFE

IR E S DESOEIRE D 2R D720 200D~
A 7 aEEEFHEANINEDEICLT, 2y hU—
IT T4 —HEEREES2ENE Lz, R—
M2EZhZEh o E#HoR CERE RO 7
THICERE L CHIEE T 720 Xy NU—O T
A W — D HIH130.045~50GHZz TF D FEI A4 ] L
.

W I 3. 75GHz D F ¥ » RV DT — H % [X21T
Y. FEBRIZ3.75GHZLL T O BRI 3 L2 n 2

329

10.00 | HESSSY >hke 1 37500f0 GHz |28 43 dB
0.00 i : rw
1000 ]I |||f|H I‘i % I |
ik JULE |
ATRIE{E VA i | )
2000 4 - ‘ i “ I ‘ T wl i
N f‘l ” 'HI ‘ 4 l | ] ‘
ls0.00 I_,;
ls0.00
la0.co
Chl: Stan 45.0000 MHz — Stop 50.0000 GHz
B4 2 T E I 453, 75GHZ O F v v kL O i

FEPE(S21), AT B 45 T0.045~50GHz, fitHh
1XS21%2dBTHEH L T 5,

EMbND, KRR E60GHZzD b D & FR< 3T
DT % > F TR U TR T hE B, T2 B8 o 17 & 3
I 1 OHRIEDO10%INIZ A > TWD Z &3k
MO LT,

5. ae—L 2 FEBRRGAE

SCSSHEBRNIE I N T, EBICEFE—L%
HnCae—v o NEBESOT—2 2 -7, H
Ety N7y 7 %2311, TOEERX4IRT,
B ORATR L LT, 476MHzZINEEZEH O T i
WZhb2rfroe—n7a 7y A NVERT VI T
WA L, Z OEEHRITH LAY ATEE T,
HELEWATZ O E ST A LT, e TRAe
L7-BEEA T EE&RE A v 2@ Immt v )T
KAt &, ~A4 7 v E Rt s, Tkl
DAY Y — 2 OHNTIES-band APSHITEEZEIR AN & 2 23,
REFZHIIML CWi\W, BT E—LDONTFEEZE
(LEETT—H %2 L D702, 476MHzZINEZER 12
FIN+ 2RFONFHE A3 ¥ > LTz, REONFHIZE
RAET D DL HIE S TO B — A EMEITZF0.8nC T,
E— LA DOEB T R X =T IMeVTH D, ~A 7
o R R TR SN E BT SEIRICE L
T2 CHNE S, MEER B2 R BAMTE T
TADCEFIIF v v RAa—F TIN5,

S-band APSZE{li DB AT DH A TOT —H# %X 5
W2, EBEOEXWTOT —HX 2K 61577, Wi
DT —ZH D7 VA MIAH XD &/ WA
TRERBHPBHEN TS, FObIiFIX, 7LV
A MLV I/INEVARTIEAN T OIS WV REDIF
IMME VRS INEIN D720, EEEFHIZL Y N
FEMEEINDINOETHD, W2, ZLVARLID KX
VN T AR F RSN Tae — L v MEBK
FOWENEL 72V, BEHOEREEEIZEL > T
(ERER/AY = i RY g WA AN

ZLT, HovY—s @B LTE, K50IiF
208, K6 XV BAAHDER/NE VY, R D,
JERRAI4TOMHZZE AN T T AU v E £, LD jawy
IR 2 03T T2 T AUEE 2 ToON FER RN



WP20 Proceedings of the 3rd Annual Meeting of Particle Accelerator Society of Japan
And the 31st Linear Accelerator Meeting in Japan (August 2-4, 2006, Sendai Japan)

RIS ThD, VI alb— g 0L i
Lime 2 A, BB E— 7127 56088133 FER
T/ NZ T2 B ERIE T D 2 LR I LT,

F7, BEOE—27 0L ZATIE, bThRns,

W E B E30GHZzD 7 > T b bIE B &
TWb, ZOZ &M, NUFEX30psec & [FIFEE
MZENLL T/ TS EHEETE B,

EBIE, BT T TINODEFENNCFENRN
D L& EDOIRETHEL L TH Z‘ﬁ@ﬁ?&tb@«bto -
DOFER, W EEE OB WM TDIE D2, 54 OE
DOTDITRNZ ERERTE T, Zhix, N
NIEfEINAIZONTak —Ly NEBE O A~
7 MAPNEBERERICS T B LTWE, ERER RO
WY T T TCHEENBEND L IICRDTEDTH
LEEBEZOLND, ZOXHIT, WEFHTHID AR
7 MVREYNERI TETWA I ElbhoTz,

6. TLHESHE

gk — L v NEBHE A WA FRRED

WIZ, FERERE OB E S OME 2 e e~
A7 R RE 2R Lz, ZOREFOMEER
WIRE ARy N —0 T F o4 —TRER L,
SRR A PG t?a DN &E7poTNWDI EERENDT,
SCSSFABMESRIC B VW THEBICEFE—L0 50
abe—LV NEBKRPEBAILILEZA, VIa
L—3 g IR F RN 22 B INERAR Tht
R —7 Lo TWAZ L AR LT, 2L
D, ZOWEHOT—EZNOARNVFREAHEETED
T EDHEND BT,

"ol T —2 BB ABRET L ——%
RO —LR/EICHWZEZ A, R4~
60nm® H HFE T L —W—Hg Il zh L=PY, —h
%, = v XU RAEBDEA ST FIEMEE
THoZEMTERILEEZRLTEBVEY ZolE
FHNHSICEBRTE T EWVWR D,

ST, ZTZ TR EFHTIE NN T E % 10psec
BREFTLMAETERNDOT, 5%ITEHIZEND
NUoFREZRETE S L9, BUR X 0 IEHEOKRI
ERANDRELTHR L THE TN,

SE X

[1] SCSS Conceptual Design Report,
http://www-xfel.spring8.or.jp/SCSSCDR.pdf

[2] T. Shintake, Status of SCSS X-FEL Project at RIKEN/
SPring-8”, Proc. 2nd Particle Accelerator Society of Japan.

[3] T. Shintake et al., “Status of The SCSS Test Accelerator
And XFEL Project in Japan”, proceedings of 10" biennial
European Particle Accelerator Conference (2006).

[4] T. Shintake et al., “Status of SCSS Test Accelerator And
XFEL Project in Japan”, in these proceedings.

[5] HREZ N FETFE—LIILDae—L 2 M
HE, AARYEYSEE Vol.49, No.3, (1994).

[6] T. Hara et al., “Comparison of PARMELA Simulation And
Measured Parameters on SCSS Test Facility”, in these
proceedings.

[7] H. Tanaka et al., “Beam Performance of The SCSS
Prototype Accelerator”, in these proceedings.

476MHz Cavity

v

Coherent
ﬂ transition radiation

Spectrometer

X3 :ab—Ly NEBBRIBEEY N7 v

E4:ﬂﬁ?y%7yﬁ@3§

n 0.6
8, B Hrest
& 0.5 F —o— >3.756GHz
8 F —&— >7.5GHz
s 04 [ —— >15GHz
> [ —— >30GHz

03 F

02 ©

0.1 -

0 F T L
0 200 250 300 350

Phase [deg]
[X] 5 : S-band APSZE i [E {j D RN D =
b — L NER G ORIERF, HEfhiX476MHz
ZEIR DN T e84 7 v T F T O H R E T
Hb, FlJIEOI LA MBRLTHD,

5 06 |
=, f <—Crest
g 0.5 7 —o— >3.75GHz
= r X —B— >7.5GHz
2 04 - —A— >15GHz
F —— >30GHz
03
02 -
0.1 ©
0 50 100 150 200 250 300 350

Phase [deg]
[X] 6 : S-band APSZE i B % O H A H D =

t— LY NEBKSORIERS R, LENEXKS &
FLCTHD,



	１．はじめに
	２．バンチ長測定原理
	３．マイクロ波波長計
	４．波長計の周波数特性
	５．コヒーレント遷移放射測定
	６．まとめと今後
	参考文献


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


