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ABSTRACT

A bunch length measuring method using coherent synchrotron radiation,
coherent transition radiation and coherent Cerenkov radiation is presented. The
spectrum of these coherent radiations is the bunch form factor, the Fourier
transformation of the longitudinal distribution of electrons in a bunch.
Therefore the bunch length is obtained by inverse-Fourier-transforming the
measured spectrum. It is the most important feature of this method that the
shorter bunch length is easier to measure than the longer one. The bunch length

of several tens micrometer will be able to be measured by this method.
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Channel Peak A A/ A

No. (nm) [ %]
1 - -

2 0.410 5.5
3 0.451 6.5
4 0.500 6.0
5 0.550 6.0
6 0.581 7.0
7 0.633 7.0
8 0.680 6.8
9 0.735 5.9
10 0.787 5.5

B1R BRUBOREFERAC¥EERAL A

4. EBRER,
FAFIZOE—L Y FEBREODZIAY MVOFE
FlErRs . BEHOIA Ty IR YTy FE&K
MTERVDT. EH100nsec (AIHH0@EMN 5423
INVFF]) NV ZANSMzTEBES DR TERET
Bok, o T, H4AXITERUEHI@EDINYF
DOEHZEBFLTNWB I L ICRET D, N—=YV FINEf
BRBONEZEET, ZOLOBARTMNVOREZ 1H
BICS0EBh, YPNWI AL LTRRTE D,
COERTRHTI—VIERTEY T NI T7MNER
LTWEN2E=DT, UPNWIA LTNYFRIRER
R BIeMTERNDEZ, LML, ARV MVOFE
ROEALDS, NFOHBBOREMN) PINIA LT
FoEheBAEITER, COERT. INFE TIHEH
MCIRLEBNEELHEIATWEKERSA v )
DNV FOEEIHN, MVABIZXELEHLTWSS
EMEREINE, 2. NF Yy —DUHEEBREED
58 RBEEEEIENVFESMNEIRBI LN
FHoh, NFEBOYIalv—YaryEReENR
BHII—BLTWB I NG ok, BE4KTF v X
BESMHETARY MUDEBRAATVWDDIX., EXRF
DARBRICLDHDOBBD=HEZEZ AT NS,

5. ¥&d

BAELER) 70A -5 EHREHEERZEELTED .

NUFEPECEMNZERETHDI I LHERSL
2o COBRIEHWNVFEOUVTIVY A LBIEIZK
ELHELEIEEZERT D, SHEERINEZHBE TR
HEBEOF ¥ I NEEHEPUCHEAOEEEZ LT,
KEHEEEEZEATIILE, UTNVIALLTT—
VDIEREFTRONFERERRTEZILETH D,
BREBEIFYy U RIVB+THEERZOT. HFEA
MHHIIBRATELBETH S, 7-VIEBRHUT

DESIEXNTRBZTHEERZOT, FAHEBOL
HEEOMBICRET 2,

EREBOBESORAEEEJ (i=1,2...0), FL#
HEENZ o, BETI2REBEOEERZS A wi.
REZIERE 7. 0 lBT3REOERBEOHEN 2R
ThWEpLTHE, WRNERDESLERTE S,

n

Ivean(ty) = Z Aldﬁi_ (5)

i=1

Ay = { 74/p1 E1sAwscoswity (6)

CCTLIEBRESXDINTA—F, Luikehicx
BETBEZT7RIA VY-V a BB THD. BHRROER
BEDPIUKABEZEZT 7.0 8Fh3. B)RDEL
B2 THRAOERZDT. T54:2FHHELTBT

EG)RXOBZEYTZNVIA LTHETHIEL W, B L.
NUFEZPEL. MERBICENT A — RNy I %M
EWHBEIE., O)2EREERBTESTTST4

Z7)—=r 77—V EHRE (DFT) F5hTW3B,
(21]

AEREZTREOIILHEOBEHROII VI NV—-TD
BEILCHBAIEZEWE, RO —BIECHBE R 2T
REYE (FERS. 02740134, 03504001, 03640258,
04555009) OBENIZXBHDTH Do

BE Rk

1)T. Nakazato et al., Phys. Rev. Lett. 63 1989,
ppl1245-1248.

2)T. Nakazato et al., Particle Accelerators, 33
(1990) ppl41-146.

3)T. Nakazato et al., Proc. 15th Linear Acceler-
ator Meeting in Japan, Sapporo, Sept. (1990)
pp221-223.

4)Y. Shibata et al., Nucl. Instr. & Meth. A301
(1991) ppl61-166.

5)T. Nakazato et al., Conference Record of the
1991 IEEE Particle Accelerator Conf., San Fran-
cisco, CA, May 6-9, (1991) ppl1118-1120.

6)K. Ishi et al., Phys. Rev. A43 (1991) pp5597-
5604.

7)Y. Shibata et al., Phys. Rev. A44 (1991)

ppR3445-R3448.

8)E.B.Blum et al., Nucl. Instr. & Meth. A307
(1991) pp568-576.

9)EEHTTH fih. HEE FES5BE 1S (1992) ppl3-
23.

10)U.Happek et al., Phys. Rev. Lett. 67 (1991)

— 441 —



pp2962-2965.

11)J. Ohkuma et al., Phys. Rev. Lett. 66 (1991)
pp1967-1970.

12)T. Nakazato et al., Proc. 17th Linear Acceler-
ator Meeting in Japan, Sendai, Sept. (1992)
pp294-296.

13)R. Kato et al., ibid., pp297-299.

14)M. Oyamada et al., Conference Record of the
1993 IEEE Particle Accelerator Conf., Washing-
ton D.C., May 17-20, (1993) to be published.

15)R. Kato et al., ibid.

16)W. K. H. Panofsky and M. Phillips, Classical
Electricity and Magnetism, Addison-Wesley,
1962.

17)J. D. Jackson, Classical Electrodynamics, 2nd
Ed. John Wiley & Sons, 1975,

18)T. Takahashi et al., Research Report of Labo-
ratory of Nuclear Science, 26 (1993) ppl37-146.

19) neEfEsF . AR (1993).

20)S. Takeda et al., IEEE Trans. Nucl. Sci. NS32
(1985) 3219.

21)J.E. Spencer, Conference Record of the 1991
IEEE Particle Accelerator Conf., San Francisco,
CA, May 6-9, (1991) pp3270-3272.

O7

INTENSITY

SR
(photons/I0%lectrons/mrad/|%BW)

I07'10° 10" 102 10® 10* 105 108 |

T T

WAVE LENGTH (m)

BIHN aob—L Y MNEEHEDIRT MV, HER 0.5
A Slmmich TaBICLE>TWBAoMake—1
VINEEX., TAORESIEENEBETHIAEE
DA ab—L Y MEFEIEDIRT bVT, REREME
BTlRo' P icflT 3,

~
10781077 10°fI0 I0*107° 1072107 10°

S(r) [A.U.)

60 U S

30 r—r—
® (b)

a0} . ;
= 20 f i
<
= J
&

20 + < = - .
g 10
b=3
o

ok 4 °

21 1
-1.0 -0.5 00 05 1.0 -2 -1 o0 12 3

BUNCH LENGTH r [mm) BUNCH LENGTH [mm]

CB2E NUFORR, (a)ab—L Y MNESHDR

RI MWD ERDERR, DNV F v —EHTDINY
FEBOYIalb—YarvicksEik,

BIW RVrpr—¥, B5OHBIZEAXSE,

3000 — . ; . : . : . .
5. 2000 - i
=
(7]

z
E
= 1000 |- ]
}
o.l 2 1 1 1 1 1 1
2 4 6 8 10
CHANNEL

BAR R)YrpRr—FickBdabe—L Y NEBRS
DART M, BEZETEOEN, GEREE 1 XRSE,

— 442 —



