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Introduction

The plan of an 8-GeV synchrotron radiation facility, which is called

SPring-8(^uper £hoton Ring-8GeV), had been proposed by Science and

Technology Agency (STA) in Japan and it was decided that its construction

would be started from April 1990. An atomic physics group in Japan had the

first meeting in December 1988 to discuss the future studies of atomic

physics and related problems at SPring-8 and plans of research and

development(R&D) for them. Their report was published in May 1990.

In this report, an outline of SPring-8 is described. Results of the

discussions of Japanese working group of atomic physics and the present

status of R&D of this group will be presented by M. Kimura in this

workshop.

Requirements on SPring-8

Synchrotron radiation sources now available in Japan are shown in

Table I. In this Table KEK-AR is not a dedicated machine to synchrotron

radiation but the accumulation ring of the TRISTAN at National Institute

for High Energy Physics (KEK). A next generation synchrotron radiation

source has been desired in Japan.

A joint team of JAERI(Japan Atomic Energy Research Institute) and

RIKEN(RJ_kagaku Kenikyusho=The Institute of Physical and Chemical Research),

both of which are supervised by STA, are now going to design and construct

a high brilliant, widely tunable radiation source, SPring-8, in soft and

hard X-ray energy region at Harima Science Garden City in Hyougo prefec-

ture.

Brief history of this project is as follows:

1986: Design study of 6-GeV storage ring started at RIKEN

1987: R&0 on accelerators started at RIKEN
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1988: R&D on accelerators started at JAERI

JAERI-RIKEN Joint Team was formed

R&D on optical elements started

1989: Advisory committee recommended to modify the project so that

1) the energy should be 8 GeV,

2) "long straight sections" should be prepared,

3) positron acceleration should be adopted.

Requirements on SPring-8 are

1) X-rays in the energy region of about 1 to 25 keV as the fundamental

radiation from undulators and also high intensity X-rays with higher

energies,

2) brilliance around 1019 photons/s/mm2/mrad2/Q,1%b.W.,

3) installation of as many insertion devices as possible,

4) wide tunability and high stability,

5) several "long straight sections".

In Fig. 1, the spectral brilliance of this facility is given. SPring-

8 is forcused onthe shaded photon-energy-brilliance region. In Fig. 2,

examples of estimation as to how wide range of photon energies is available

by changing the gap of undulators. It is shown that at higher beam

energies, the range of photon energy becomes wider.

Advantages of "long straight sections", which is the most unique point

of SPring-8, are as follows:

1) longer insertion devices will be available so that higher brilliant

photon beams will be obtained,

2) several insertion devices will be installed at one section. Then at

the target position, wider tunability will be attained and also photons of

different energies will be simultaneously available if required,

3) it is useful to develop a free electron laser in soft X-ray region by

operating the storage ring at lower beam energy.

Overview of SPrinq-8

According to the requirements on SPring-8, specification of the

storage ring as a light source was designed so that

1) the energy of electrons/positrons is 8 GeV,

2) the storaged beam current is up to 100 mA,
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3) the emittance of the electron/positron beam is less than 10 nmrad,

4) the ring has four "long straight sections" as long as 30 m in addition

to standard 6.5-m ones. In the latter, the insertion devices of about 4-m

length can be installed whereas in the former those of more than 20-m

length can be done.

The storage ring consists of 48 cells and its circumference is 1436 m.

A unit cell is consisted of two bending(dipole) magnets of 0.67 T, ten

quadrupole magnets and seven sectupole magnets including a 6.5-m straight

section, as is shown in Fig,3, A lattice of Chasmann-Green type is

adopted. In every neighboring pair of cells, a high beta straight section

and a low beta one are obtained. As a whole, the storage ring is operated

as the 24-symmetric hybrid-type lattice.

The long straight section was designed by replacing the one unit cell

with a straight cell, which is attained by removing two magnets from the

unit eel 1 (Fig. 4). At first, the storage ring will be operated under this

condition. After enough basic data are obtained, the quadrupole and

sectupole magnets in the straight cell are rearranged so as to get the

30.4-m straight section. The natural emittance of the electron beams is

7.2x10 mrad when four straight cells are kept and that of preliminary

estimation is 8,5 x 10 mrad when four straight sections are achieved.

Principal parameters of storage ring are shown in Table II.

A 1-GeV electron linear accelerator and an 8-GeV electron synchrotron

are constructed as an injector. Since the positrons will be storaged

finally, another electron linear accelerator for production of positrons is

prepared. Principal parameters of injectors are shown in Table III and the

concept of the facility is shown in Fig. 5.

The characteristics of the electron beam and typical values of

brilliance and flux are shown in Tables IV and V.

The cite and buildings

SPring-8 is constructed in the "Harima Science Park City" in the

Nishi-Harima (shown in Fig. 6) district which is being developed by the

government of Hyougo prefecture. The area of the cite for the SPrir.g-8 is

141 ha. Since there are hills in this area, they will prepare plain areas

of 290-m and 280-m above sea level. In the former, the storage ring is

constructed and in the latter, the electron linac and the synchrotron. The

125



ground is firm (rock), so the facility will be affected little by earth-

quakes.

The layout of the buildings is shown in Fig. 7. The storage ring will

be constructed around the hill whose top is 345-m high above sea level.

Three IQQOm-long beam lines and two groups of four 30Qm-long beam lines are

planed. The building for the storage ring and the experimental area are

being designed so that it is free from subsidence and vibration of the

ground, not affected by the change of the atmosphere temperature and so

forth. In Fig. 8, plan of the storage ring building is shown. Outside of

the experimental hall, there are a passage and rooms for experimental

preparation. Cross section of the storage ring building is shown in Fig. 9.

Beam Lines and Scientific Programs

There are forty 6.5-m "standard" straight sections and four 30-m

"long" ones in the storage ring. Among the standard straight sections,

five low-beta sections are used for the installation of the cavities and a

high-beta section is used for the injection of electron beams. Then

fifteen standard low beta straight sections and nineteen standard high-beta

ones are available for insertion devices. Two of the long straight

sections will be for machine study and another two will be used by users.

Seventeen beam lines from the bending magnet are planed to be prepared at

present. Summary of the beam lines is shown in Table VI. Ten beam lines,

six from insertion devices and four from bending magnet, are planned to be

constructed when the first beam is obtained. Atomic physics group wants to

get one of these insertion device beam lines. The rest will be constructed

in the following several years.

The length of the beam lines is 80 m from the exit of the light

source. Since there is a possibility that the long beam lines are

required, the space for constructing the eight 300-m beam lines (four from

insertion devices and four from bending magnets) and three 1000-m beam

lines (two from insertion devices and one from bending magnet) is prepared.

One of each 300-m and 1000-m beam lines comes from the long straight

section. In Fig. 7, the beam lines marked by open circles come from the

insertion devices and others from the bending magnets.

The long beam lines will be used for the studies which require a wide

irradiation area or very low emittance photon beams. They will be also
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useful when special large experimental equipments or special experimental

conditions are required and an independent building is prepared. At the

present, however, the construction of long beam lines are not included in

the first stage plan.

List of users' groups, which have been organized and are now making

their plans, is shown in Table VII. Ten users' groups(l-10 in Table VII)

are organized for special study-fields, five groups(ll-15) concerns with

new applications of X-ray scattering and absorption(ll-15) and six groups

(16-21) is classified by methods of measurements. Three groups(22-24) are

discussing the feasibility of photons in low energy region.

In addition to R&D studies on optical elements and beam lines, R&D

studies will be done by seven users' groups of special study-fields

including atomic physics in FY 1990. The atomic physics group will study

control-techniques of multiply charged ions, mainly transportation and

trapping of ions.

Time Schedule and Total Budget

The construction of SPring-8 starts in FY1990 and commissioning is

expected in 1997. Facilities will be open for experiments in 1998. Budget

estimated in 1989 is 108.9 billion yen for machine, buildings, utilities

and ten beam 1ines.
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Table I.

Synchrotron Radiation Sources in Japan

1. For Research
KEK-AR 6.0 (GeV)
KEK-PF 2.5
IMS UVSOR 0.8
ETLTERAS 0.6
INS-ISSP SOR-RING 0.35

2. For Lithography (compact SR)
SORTEC 1.0 (GeV)
!Hi LUNA 0.8
SHI AURORA 0.62
ETLNIJI 0.62
NTT 0.55
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Table 11, Principal Parameters of Storage Ring

Energy
Current (multirbunch)
Current (single bunch)
Circumference
Lattice & Periodicity Chasman-Green
Number of Cells
Bending Field
Bending Radius',
Straight Section Length

normal
2 long

Natural Emittance
Critical Photon Energy
Tunes (vx/Vz)

Momentum Compaction
Natural Chromaticities (Cx / Cz)

Damping Time (TX / iz I %s)
Harmonic Number
RF Voltage
RF Frequency

8
100

5
1435.95

24 . (4)
48. (44-Ht)
0.665

40.098

6.5
30.4

7.18xlO"9

28.32
50.78 / 17.84

1.49xlO"4

-113,168 7-43,319

8.47 / 8.48 /4.24
2436

17
508.58

(GeV)
(mA)
(mA)
(m)

(T)
(m)

(m)
(m)
(rcm-rad)
(keV)

(MV)
(MHz)



Table I I I . Principal Parameters of Injectors

Injector Linac
Energy
Repetition Rale
Frequency
Operation Mode

Multi-bunch (e")

Single Bunch (e")

Multi-bunch (e+)

Single Bunch (e+)

Synchrotron

Peak Current
Pulse Length
Peak Current
Pulse Length
Peak Current
Pulse Length
Peak Current
Pulse Length

Energy (Injection / Extraction)
Current
Circumference
Lattice & Periodicity
Number of Cells
Bending Field
Bending Radius
Emittance
Nominal Tunes (vx / vy)

Natural Chromaticities (C,
Momentum Compaction
Damping Time (tx / %z fx,

FODO

x'Cy)
J

1.83/1.83/0.92
RF Frequency

1.0
60

2856

100
1000
300

1
10
10
10
1

1/8
10

396.0
2

40
0.106/0.85

31.385
1.92x10-7

11.73/8.78

-15.3/-12.7
9.53x10-3

937./938/469
(ms)
508.58

(GcV)
(Hz)
(MHz)

(mA)
(ns)
(mA)
(ns)
(mA)
(ns)
(mA)
(ns)

(GeV)
(mA)
(m)

(T)
(m)
(m-rad)

(ms)
8GeV
(MHz)

IGcV



Table IV, Characteristics of the Electron Beam

Beam Emittanse Horizontal
Vertical

Beam Size (Horizontal / Vertical)
Undulator
Wiggler

Beam Divergence (Horizontal / Vertical)
Undulator
Wiggler

6.53
0.65

0.402/0.081
0.085 / 0.061

0.016 / 0.008
0.077/0.011

(nm-rad)
(nm-rad)

(mm)
(mm)

(mrad)
(mrad)



Table V.

Typical Values of Brilliance and Flux

Devices

Undulator 1

Undulator 2

Wiggler

Bending M.

Brilliance
(photons/sec

2.0x1019

1.5x10

1.6x10

2.3x10

20

18

15

Flux
(photons/sec

/mracr/0.1%bw) /0.1%bw)

1.4x1014

7.3x1014

2.8x1014/mrad

1.3x1013/mrad

Undulator 1:
Undulator 2:
Wiggler:
Flux:

Xu=3.3 cm, L=5 m, K=1, E0= 12.3 keV

a.u=3.3 cm, L=30 m, K=1, E0=12.3 keV

Xu=18cm, L=2 m, K=25, E0=63.9 keV

Flux through a pin hole
= -ye =1.0; <j), 9=6.4 i irad)
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EXPERIMENTAL HALL

Mt. MlHARAKURiYAMA (345m)

Fig, 7, Layout of the Buildings
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Fif, 8. Plan of the storage ring building



Fie. 9. Cross section of the storage ring building



Table VI.

Beam Lines of SPring-8

Total Number >53

Insertion Device Beam Line 36(+2)
Standard ID section(high 3) 19
Standard ID section(Low 3) 15
Long straight section 2(+2)

Bending Magnet Beam Line >17



Table VII, List of Specialist Groups for SPring-8

1. Surface and Interface
2. Extreme Environment
3. Phase Transition
4. Electronic Property of Solids
5. Chemical Reaction (Chemical Crystallography)
6. Atomic Physics
7. Protein Crystallography
8. Macromolecular Solution and Muscle
9. Medical Application and Diagnosis
10. Actinoids
11. Nuclear Excitation
12. Nuclear Resonance Scattering
13 - Magnetic Scattering
14. Inelastic Scattering
15. Photoacoustic Spectroscopy
16. XAFS
17. Topography
18. Diffuse Scattering
19. Extremely Small Scattering
20. Trace Microanaly sis
21. Soft X-rays (Microscopy)
22. Soft X-rays (Photochemistry)
23. Soft X-rays (Solid State Physics)
24. Infrared Spectroscopy
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