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Synchrotron Radiation and Its Facility
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An introduction to the use of synchrotron radiation and an overview of the main facilities through-
out the world are presented. The fundamentals, such as its generation and advantages, are described
briefly. “Photon Factory”, the synchrotron radiation facility in Tsukuba, is described as one example.
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Table 1 Synchrotron radiation facilities in the world

Country Name and Place E(GeV) | huelkeV) ggﬁfpfefmn
INS-SOR I (Tanashi} 0.4 0.13 1975
Tsulk 2.5 4, 198
TAPAN Photon Factory (Tsu j.lba) 00 982
INS UVSOR (Okazaki) 0,7 0.35 1984
TERAS {Tsakaba)} 0.8 0.568 1981
TANTALUS-T (Stoughton) 0.24 0. 08 1968
ALADDIN (Stoughton) 1.0 1. 07
SSRL (Stanford) 3.5 7.5 1974
U, s Al SURE-T (Gaithersburg) 0.28 0. 08 1976
CHESS {Corneli) 5.5 11.87 1979
NSLS-UV (Brookhaven) 0.78 0.94 1681
NSL3-X (Brookhaven) 2.5 4. 34 1984
HASYLAB (Hamburg) 5.0 22,8 1974
W. GERMANY
BESSY {Berlin) 0.8 0.62 1982
U. K. SRS (Daresbury) 2.0 3.20 1980
ACQ {Orsay) 0.54 0,32 1973
FRANCE LURE {
DCI (Orsay) 1.8 3.39 1976
ITALY ADONE (Frascati) 1.5 1.50 1978
1.5.5.R PAKHRA. (Moscow) 1.3 1.22 1980
e VEPP-II {Novosibirsk) 2.25 4,11 1977

E: Energy of electrons

hue (keV)=2. 218X E? (GeV)/R{m): Characteristic photon energy
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Fig. 1 Angular distribution of energy radiated
from an electron moving at a velacity v<€¢
in an orbit with a radius R,
(a) Schematic illustration of the three-
dimensional distribution
(b) Distribution in the plane of orbit
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Fig. 3 Speciral distribution of synchrotron

radiation,

o

Tig. 2 Dependence of angular distribution of energy radiated from a moving electron on

its velocity ».

Solid line: E=0.5 MeV, v/c=0.05
Dashed line: £=5.0MeV, vfc=0.995

Dotted line: E=2.5 MeV, vfc=0.979
(by courtesy of Y. Amemiya)
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Fig. 4 Plane view of the Photon Factory.
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Fig. B Plane view of the storage ring and experimental hall in the Photon Factory.
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Table 2 Experimental Stations of the Photon Factory.

BL1 (NTT)
1A Semiconductor surface analysis
1B Xeray lithography
1C Photo-chemical reaction
BL 2 (Undulator)
2A Soft X-ray experiment
2B X-ray microscopy
BL4
44 Dispersive EXAFS, Trace element analysis
4B Liq./melt structure analysis
Radiation effect on biocells
4C X-ray diffuse scattering, fluorescent EXAFS
{sagittally focused double crystal}
BL 6%
64 X-ray Weisenberg camera
6B EXARS (channel cut crystal)
6C, X-ray diffract. at low temp.
6C: X-ray diffract. under high press. and high
temperature
BL7 (Tokyo University)
TA Soft X-ray photoemission spectroscopy
{plane grating)
7B Surface photo-chemical reaction
(1m Seya-Namicka)
7C EXAFS and X-ray diffraction
{sagittally focused double crystal)
BI, 8 (Hitachi)
BA Soft X-ray spectroscopy
(seif-focusing plane grating)
8B EXAFS
(soft and hard X-ray double crystal}
8C, X-ray lithography
8C, X-ray tomography of minerals
BL 9 (NEC)*
9A X-ray lithography
oB photo-chemical vapor deposition
9C EXAFS and X-ray topography
(sagittally focused dduble crystal)
BL 10
10A  Crystal structure analysis of minerals
(4-circle goniometer)
10B EXAFS
{channel-cut monochromator)
10C  Small angle X-ray scattering of enzymes
(focused double crystal)

BL 11
11A  Soft X-ray solid state spectroscopy
{2m grasshopper}
11R  Surface EXAFS, soft X-ray standing wave
(soft X-ray double crystal)
11C VUV solid state spectroscopy
{1 m Seya-Namioka}
11D Angle-resolved photoemission spectrogcopy
(constant deviation)
BL 12
124 VUV gas spectroscopy (1m Seya-Namioka)
12B VUV high resclution spectroscopy
(6. 6m off-plane eagle mount)
12C  Soft X-ray high resclution spectroscopy
(10 m grazing incidence)
BL 14 (Vertical wiggler)
14A  Crystal structure analysis of proteins
(double crystal-4 circle goniometer}
14B  High precision X-ray optics
14C  High speed X-ray topography,
X-ray radiography (double crystal)
X-ray magnetic scattering,
Compton Scattering
BL 15
154 Small angle X-ray scattering of muscles
and alleys (focused bent crystal)
158 X-ray topegraphy, X-ray interferometiry
15C  High resclution X-ray diffraction
BL 16* (Multipole wiggler-undulator)
16 A, Ay Hard X-ray experiment
{sagittally focused double crysial}
8B VUV experiment (10~4000eV)
BL 17 (Fujitsu}*
17A  X-ray lithography
1B EXAFS
17C  Photo-chemical vapor deposition
BL 2}* (Light Scurce Division)
Beam menitoring and photo-desorption exp.
BL 27* (Light Source Division)
Radiation test of mirrors

# Experimental stations under consiruction




T oM M —

BRSNS @Ar SFhiE, ETE s, &
BB, PUHoZeiE (hLma sz b
SVHREY, Lkbl, TOdicdhligcEmT e
T AETHEMET, CNBYRETUEEERS
BT LD, B0, Uy RESECREENT
WEM, ThTHEBEFTADA 4 v EOREERT, &
TR B EN G, Ci0 OREEEMEITEMEE A
ENE ST D, EE S EMERET LI IR
ThE, ChEREILT B ENSGBOBETH B,

BTichb-T, BETEEETLE, BRI 4
VERRLED, E—20RERREREW LT &
PHIMTEE, PF OAHELE, P R&rEERO
BETEIEL N TS,

BEFTATHICRAES YL, BT-BET oo
FBEEFETZ, 27, #HrsrF¥OETC—-o%, B
EEE &y e ST, MBI kB r RS
Hdo v BiZg—4 o PN TENREENE TS 2
CEWEFEORETETLEEFOMrE L, 0%
HranEEHmEDNHREBTRELDENAT
Wa7c, BNV L/ 4 FEREBENTED TS, ik
BCA-TMESNABETRE 4 v BT B
BFE—LABHO 1/1000 - TLE D, 2D,
—RBFE 22T 2 ) =T v 7 BRAEBRMES R
AEBI->TED, 200MeV, 3 A, 10ns O A
FE—bEZ =4y VIZHT, & mA OBEFE—A
BEOHL, V=Fwr T 265GV wili#l, PR Y
YSCEBEFEEET A ERLTHON TN EY,

i, PF Y v EBRES T B AESR 20T
BICR~B, ko kS, PF V¥ 2wid Bl & &
B28 3T 28 ¥ DFEAREASD - T, £0th 24 5
By i S, B, BHLThEr —as5 1 v
BULET, SE—205 4 v O RENHE 2~ 4 R0
A YTHEHBRAF—¥ g VIEELRN TN, ZThoOR
T VEELNTOETINEBEEL Table 2 i
SRS,

CNHOEEEZHCTIONTOEERICE, ¥,
BELFFOMER, LRFEN “ERABELER” &, B
i #e o LidE /e “ERFIREER" © — s
%o TEF 60 D KR O FETES TR 200 £
OILEFIF R 2 N, T8 EEoRRGE
W& B AL 86 4T, FORFIRY v 57 m
2, BRICEMRE O LBV AL, BEEERDO
EWELOBMELS, BHRAYH6, EXATFS tr 33k
SRR S O TTIESE 18, T8 T, 17 #AET
HHcRT250 TH -1, 2OEd, NIT, H,
NEC, E@o4itic kb€ —254 yO@% (B

g1z
£,

T

-7

Ry FONRMO B LR BERA T — v s ¥ TO
RN EEREIO®E biThh, L ARNT
WaEhAlhE 200 L MBI R TIN A,

4, SBOSRE

AR ORBOFAE LTt 1~2GeV 7 52
OEIEAFRE 5~6GeV 75 20 X BEEERO
BT8R vl ail TR T A S B, TR
b, BTHHECEREEE LT, 2w,y 5 -5

)

BIFDoNTWE, Y477 —BREEBHOCEDE
FREZZ B iy T, EREOHHEEE DRSS
DT Wavelength shifter &EHIFENTIN D, SlRY 4
70T P ab—2 3, SEOKAREERAMC
ot DT, FBEEMODL SO RO LD,
BRETETHZRA L CREoROEEOBES 100~
1000 56T A7, FRBF O ANFEART 2
BRI & - TEEh, XBEETE, BES8RNc
BT 258 O FTHIES (~A) GReEED X
BWPBT vVl — 20BN 5 L 5 5~6GeV &
ShTh B,

1986 2210 B ic KB 7 vy & ~7 YETBERT “v
v mbarEEEEROREETYE L e T —
7 ¥ ey PHREBESNL, HRESEOHROWR SR
DEBE DO THEHARTR LT, oS LT
OEIRAESFIE SR MO IR ETZOMNC DT —
J¥ay7OENTHE, SHTONRESDL CIEROM
B, ik RlHOLF, 3R OMESE SEksmEron
THIHE SN, EHEDE -4 54 v ORSH, HEY
v OEM IR AT N A 2RI, Y Vo5
FOLANFORMBELEOHMER % L LTS,
fo bl AW, w7 yETREF O R
(National Syachrotron Light Source, NSLS) T3, 4
g YIOWRTH, VSO T v YAl
—#, HEBTL—F-R oA, BFrirxo
2.5GeV D 3GeV ~OWMOHE HEFhTH -
foo B, VYIS DBIFE—L A LIZY (PF O
13), MEEAEL LTED, Z2oBEREL L TEME
KRMEMET HIREE 0.2, IRXEE ML 5 /NG
EXAFS B EFH LIRS LT, —F, ch
AL E A hE, R, T3 UAnET
B, fIAF 1 2R ANBERMS TS BT A L0 S
FLWEZLFTETER) v /I R0e, st
EBe 2L 2RI, HLHOELLOIE
FEWSOBTETVE, 2D L5hirT, PF 23
FEEBMCOEO LSV HE LD, =3 v 2 raniks



— 8 —
102
o
101%% “\5\)’5
qf::gg X”‘ - X\\\
- %
108
7 yoomh
o e
seel—
ggRt>

<
=)
T

DORIS 376GeV 32p-W 100mA
NSLS 2.58eY 300mA
DORIS 37Gev 100mA

N
=
T

=X
B

Brilliance  {photons /sec*mrad? mm®- 0.1% b.w.)

<
o

A
PF 25csev \3ﬁo\6m
‘ AN

o 10°
Phaton energy {eV)

Fig. 6 Comparison of spectra of main facilities
for synchrotron radiation in the world as

listad in Table 1.
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