Atk WOEEI1S (1992%)

13

SeH

are discussed and the cure is proposed,

o B S VA
7%, G #B5L, /MLEIESE"

Lslwie 2 Sk 2y Ve
* PRSP T B P T PR

Coherent Synchrotron Radiation
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Coherent synchrotron radiation is observed in wavelength range of submillimeter and millimeter
using bunched electrons from linear accelerators. In this article, properties of coherent synchrotron
radiation are reviewed on the basis of experimental studies. It is also shown that analysis of spectrum
of coherent synchrotron radiation gives information on electron distribution in a bunch. Undesirable

coherence effects of synchrotron radiation from periodic bunches on the high resolution spectroscopy
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Fig.1 lllustration of coherent synchrotron radiation
emitted from bunched electrons moving along a
circular orbit. When observational wavelengths
are comparable to or longer than a longitudinal
bunch length 2d, electrons emit synchrotron
radiation in phase. Quantity x, shows a curvi-
linear coordinate of i- th electron projected onto
the orbit of the center of the bunch.
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Fig.2 Bunch form factors calculated for following dis-
tributions of electrons in a bunch; (1) uniform
rectangular distribution (dashed line) and (2)
Gaussian distribution (solid line). A thin dashed
line shows the envelope of the uniform rectangu-
lar distribution and is proportional to A2



16

BRIERI DB A OTIRE T3, WMEREIZH D -
TIRE LIS S/NI L B >TOWBY, ZDOEIEEE
1 f(A)~2A%/(2nd)’ Th %, —BIEEDHR TN
YFELDEREMTIR, BRRFIEEE I
Do TATRDLULTOLY, HURBHTRED
BEICEDL LTV B,

T, BRRIZEDZARY MLzRIETE, Z
DARY MV SN FIARRTF 2 KD, Zhd
SRR T — ) TEHIZ K D ETOHHEA
5T ENTE S,

S(x)=Sf(A)"cos(2nx/A)dA. (9

2. 2 BENVFHOSE
BFEIET 2854, BEBETRINVFr7L
oV AFNE LTHIE NG, BFSAFv oD
BRI 7 aETh#EE b0, ZOrffH
BEOD/NNVRAEE>TWE, 2D LD BEFEEI
13, BEHEREE IR E— NV F 0 5 DIREHED AR
HRERSLEICIDRDL S ITREINBY

Pr=po (A)NZE(A)G(A)=P:G(4). (10

N
G(l)=|j};: exp (i27(j- 1) Ly/A) |2,

sin(mL,N,/A

=b§§ﬁ$%¥ﬁ | (11
T ZIT Ny, Ly 3ZNZHN 0 FORE X OBET
%N FEOEEEAE RS, BTG (1) AR
NUFHOFEBHRERL TS, G (A1) 3#HL
CIRENT BT H 50%, EBEOREIEVTIE
BEONWE (Ao ; o $HEAERT, 0=1/2=
v/c) TREBZ—EDHEIRTDODEAAA LIS
7, G (1) RRDEH T3,

Np
'§N§6(1—Lb/j),

]
G(A)= (Ao« 1/L, M Ny» 1D & %)

MEE E5EF 1S (19926)

N F RIS T 2 HREEL (vp = ¢/Ly) 125
4+ v 7 O EEBICIEINE SV, Fiz, 0
BER, 4,=Clv,=L, THh 3, zhig, 10OR
Bt —U 2y MEEEERE LB IROEERH
BonalEERLTVWS, (DrfAEREDES
BOBEEIC L BREICEVTIE, N FEPAE
KB E T 5ETW SR BFRDOARY b L
PEoND, Q)FN&HIESBOAE TIRE—N
VFD S DBEHER RS M L% Ny £ L ol 2R
7 M LND, |

3. -V Y MRS OREL BIE

Bad, RILAKENOBFS A+ v 7 2B
TIT> TV B EBRORAR % E 3BT R ",
FA4Fy I THEDIRINF—IZMEINETF
E—LREHATTHER L, BEHBLERELL
‘E—LAVY NEZ S ICEINE, BFOIR
VF =13 150MeV T, EYERIZH1 wATH 3,
BT OHEERIZ2.44mTH D, BEHEORHMER
El3404nm Tk 3,

BFE—LOKREBERE4RITRINATVS
iz, rf B 2856MHz T, /N v FRERRIE
350psec b L IEREIC LT 105mm, /X)L D
BRI 492 1 sec T, ZD#DE LEMHIE
300Hz TH %, £/, 914+ v 7 OHENNVFE
B#91.7mm Th %, Tk — L MRS %
METB7:01TiF, § 2 THhRRIZLD ICETFE—
LNV FENUEREEFERETH 52 LW
HEThb, N, 1.7TmmoDR 2 Fizx LTI,
73 ¢ 3 ) IFEEBTIIT E— L2 MRS
HEX N, FjHfEETIRIEa L — VY MIREDE
PREINBEEZONB,

AL KE i, 0% 150mm, ZHA
7TOmrad DMFEMEERE TR I N, AERICEI N
%o SCHIEIIE, BT TFRGERADHET % H
VBT, ZONNEHEE - LBROKBEE=Y
TERODNEREMATEY, BWTFERDOEL
% 6 DT LBHT 7 4 L7 OHMERITE



A FE5EF 1S (19924)

17

/'/
M | — M
\ (It
= 1.:— ..'—-»/-_/_'_-=,~~"1---“-"-' i1k A
SPECTROMETER—— | 4--y;==| Dy CB
A 0 im
l-t‘.:::::%/
Ds

Fig.3 Schematic diagram of experimental setup. MB: bending magnet, P:
emitting point of synchrotron radiation, MD: damping magnet, SEM:
beam current monitor, M1: collecting mirror with the acceptance angle of
70 mrad, G: gratings, DM and DS: detectors for monitor and signal,

CB:concrete blocks for shield.
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Fig.4 Temporal structure of electron beam. Accelera-
ting ff is 2856 MHz, and a distance between
adjacent bunches is 105 mm. Duration of burst is
2 psec, and its repetition rate is 300 Hz. The
burst is composed of many bunches.
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Fig.5 (a) Observed spectrum in the wavelength range from 0.20 to 3.5mm.
Observational results of narrow band photometry at visible region are
also given in circle A. Measuring systems are calibrated by a blackbody
radiation source at the temperature of 1500 K in the far infrared, and by a
standard lamp in the visible region. A thin solid curve shows calculated
intensity of ordinary synchrotron radiation for the experimental condition.
A thin dotted curve shows calculated intensity of coherent synchrotron
radiation for the Gaussian distribution of electrons in a bunch with a

longitudinal bunch length of 2mm.

(b) Observed spectrum of coherent synchrotron radiation in the far

infrared in extended scale.
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Fig.6 Dependence of intensities of synchrotron radi-
ation on beam current. Submillimeter radiation at
A =400 um shows quadratic dependence on the
beam current, whereas the one at A =520 nm is
proportional to the current.
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Fig.7 Degree of polarization. A solid curve shows
degree of polarization of ordinary synchrotron
radiation calculated for the experimental con -
dition.
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Fig.8 An observed interferogram of coherent synchro -
tron radiation from periodic bunches. Sampling
interval is 0.1 mm in the optical path length.
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Fig.9 A low- resolution spectrum of coherent synchro-
tron radiation derived from the observed inter -
ferogram. Resolution of the spectrum is about 2
cm~' (60GHz).
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Fig.10 A high - resolution spectrum derived from the

observed interferogram. The resolution is about

0.09 cm~' (2.7GHz). In the inset, the spectrum

in the narrow wavelength range is given by

solid circles. The vertical bars and the figures

. show the peak position and order of the higher
harmonics of the rf, 2856 MHz.
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Fig.11 A high- resolution spectrum of coherent syn-
chrotron radiation obtained by the grating
spectrometer with the grating constant of 1.6
mm. It shows the higher harmonics of the
accelerating rf, 2856 MHz. For the low wave -
number region (o<14 cm-'), theoretical res -

olution of the spectrometer is higher than the
accelerating rf.
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Fig.12 An electron distribution derived from the ob -
served spectrum in Fig.5(b). The bunch length
(FWHM) is obtained to be 0.25 mm.
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Fig.13 An observed spectrum of coherent synchrotron
radiation using an L- band linac with the rf of
1300 MHz. The energy of electrons is 40 MeV.
A solid line shows calculated intensity of
ordinary synchrotron radiation. At A =1.4 mm,
the observed intensity of a high pressure
mercury arc lamp with an aperture of 10 mm is
given by a solid circle.
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