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Figure 1. SPring-8 Accelerator Complex.

Arrangement of the SPring-8 accelerators is shown with those of the accelerator-buildings, in which these accelerators are
installed. The floor level of the injector, the Linac and Booster, is 9 m lower than that of the storage ring. After being ac-
celerated by the booster, the electron beam is transported to the ring through the underground beam transport-line. The
beam goes up to the beam level of the ring and is injects into the ring from the inside. This transport line does not inter-
fere with photon beam lines and experimental equipments which are placed at all around outside of the ring. This arran-
gement of the ring and injector is typical for SR facilities, such as UVSOR, and in some cases the injector is installed in
the inside of the storage ring, as in ESRF. (This picture is offered by the SPring-8 Public Relations Division)
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Parameters of the beam and rf system of the
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SPring-8

Beam parameer

Pulse width

Peak current

Beam energy (maximum)

Energy spread

Emittance x (90%)

Emittance y (90%)
Pre-buncher

Type

Operation frequency

Shunt impedance

Unloaded Q

Input power (usual operation)
Buncher

Type

Operation frequency

Number of cells

Shunt impedance

Unloaded Q

Input power (usual operation)
Accelerating structure

Type

Electric field distribution

Total number

Operation frequency

Phase shift/cell

Number of cells

Shunt impedance

Unloaded Q

Effective length

Filling time

Input power (usual operation)

40 ns 1ns
140 mA 2A
1.2 GeV
+0.9%

+0.3%

65 nnm -rad 31 7znm-rad
43 znm-rad 58 7znm-rad

Standing wave
2,856 MHz

24 MQ/m
6,400

7 kW

Standing wave
2,856 MHz

13

103 MQ/m
13,400

3 MW

Travelling wave
Constant gradient
25

2,856 MHz
2n/3

81

54 MQ/m
13,500

2.88 m

610 ns

35 MW
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Figure 2. Outlook of the SPring-8 Linear Accelerator.

These drawings show the electron gun, magnets, accelerating tube, beam monitors and vacuum pipes. The power sup-
plies, power-lines, RF wave-guides, water-cooling and vacuum-pumping equipments are eliminated to see the composi-
tion of the linac easily. By the same reason, most of the accelerating tubes and focusing magnets of the main accelerating
section, which are placed alternatively, is omitted in this figure. The upper part of this figure shows the electron gun,
bunching section, in which the electrons are produced and formed into the electron beam, and the first accelerating-tube
of the accelerating section. The middle one shows the next components after the upper one, and focusing magnets and
beam monitors are placed. The lower one sows the last stage of the linac and the energy compression system ECS (ECS is
explained in Fig. 4). In the lower-right direction, there is the SPring-8 booster synchrotron. (The figure is offered by T.

Asaka from Ref. 2.)
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Figure 3. Beam Bunching.

This figure shows the beam bunching-process at the bunching section of the linac. Electrons are drawn by points. The up-
per half is in the case of lower-current electron-beam, and the lower half is in that of higher-current electron-beam. In
each case, the electrons are extracted from the themionic-electron gun as an electron-train of 1-ns pulse length (bold
line), collected around a suitable phase of the accelerating frequency in the bunching section and at the last stage of this
section the electron beam is packed in narrower phase as a fine micro-bunch distributed within 1-ns length. The right-
hand side column show the energy spreads of the 1-GeV electron-beams. (This figure is offered by T. Asaka.)
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Figure 4. Energy Compression System (ECS).

ECS is composed of a Chicane section (4 bending magnets) and one accelerating tube. At first, lower-energy part of the
electron beam is bent stronger than higher part of the beam and runs through the outer course in the Chicane, and higher-
energy part of the beam is contrariwise transported along the inner course. After the Chicane section, higher-energy elec-
trons of the beam are located at the lead phase of the micro-bunch and lower-energy ones are gathered at the follow
phase. The center phase of the beam bunch coincides with the zero-crossing phase of the accelerating frequency, the lead
part (with higher-energy) of the electron bunch is suppressed and the follow part obtaines a bit of the beam energy. The
energy distribution of the beam is expected to be improved after ECS. (This figure is offered by T. Asaka.)
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Table 2 Parameters of The SPring-8 Booster Synchrotron

Injection energy 1 GeV
Maximum energy 8 GeV
Circumference 396.124 m
Repetition time 1 sec
Natural emittance (8 GeV) 230 nm-rad
Momentum spread (8 GeV) 1.26x10-3
Number of cells/periodicity 40/2
Nominal tune (v,/v,) 11.71/8.81
Natural chromaticity (&,/&,) —14.4/-11.5
Ratio frequency 508.58 MHz
Harmonic number 672

Radiation loss (8 GeV) 12.27 MeV /turn
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Figure 5. Energy Ramping and Beam Current of the SPring8
Booster-Synchrotron.

A ramping pattern of the electron-beam energy, induced by the exci-
tation current-pattern of the bending magnets, is seen in a
trapezoidal shape, and beam current in the booster, measured with
the DCCT, is seen in a oblong shape (the line width is due to the
measurement error). At 150 ms after the beam injection, the energy
ramping is started and reached at the ejection energy (in this case,
the ejection energy of 8 GeV) during 350 ms. In the period of the
ejection energy (30 ms after arriving at the ejection energy), the
beam is extracted from the booster.
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On-Axis Beam Injection Scheme
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Figure 6. On-Axis Beam-Injection.

1-GeV electron-beam of the SPring-8 linac is injected to the booster-synchrotron with the on-axis injection scheme. The
beam orbits of the injected and stored beams and beam sizes are shown. a) The arrangement of the magnets in the injec-
tion section and horizontal beam orbits are shown. The injection orbit is expressed with a solid line and the beam size of
the injected beam in the booster is expressed with a broken line (Design orbit of the booster is set on the s-axis). b) Cross
section of the beam sizes at the injection septum-magnet. When the beam energy is ramped, the beam size is decreased
with the radiation damping.
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Figure 7. Off-Axis Beam-Injection.

An 8-GeV electron-beam of the SPring-8 booster synchrotron is stacked in the storage ring with the off-axis injection
scheme. The beam orbits of the injected and stored beams and beam sizes are shown. a) The injection beam-orbit is
shown by a solid line and the bump orbit is shown by a broken line (the reference orbit of the ring is assumed on the ab-
scissa). b) Cross section of the beam positions and sizes in the tangential direction of the beam orbit at the injection sep-
tum-magnet. In this case, the bump orbit is kept away from the reference orbit by 16.2 mm (design value). Before the
radiation damping (damping time; 8.3 ms), the injected beam in the storage ring is oscillating around the reference orbit
with an oscillation amplitude determined from the distance between the bump orbit and the injection orbit (=8.3 mm).
On the opposite side of the reference orbit, a space with at least the same size is required. (This figure is offered by K. Sou-
tome from Ref. 7.)
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Figure 8. Impurity of the single bunch-beam.

This figure shows the impurity data of the single-bunch beam-opera-
tion in normal user time observed by the photon counting method.
Because the optical quenching ratio of the main bucket is about 1/
200, the beam impurity of the both sides is estimated to be 6~7 X
10-8. (This figure is offered by K. Tamura from Ref. 9.)
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Figure 9. Stabilization of the electron beam-current due to syn-
chronization of the two accelerating frequencies. This figure shows
that the beam-intensity fluctuation is improved by the synchroniza-
tion system of two accelerating frequencies. The upper line is the
beam current observed at the point just after the electron gun and
the lower line is the current observed at that after the buncing sec-
tion. The current intensity of the gun is stable except for the period
of exchanging the synchronization system at around 68 min. The
synchronization system was operated during the ‘‘synchronous’’
period (left-hand side of this figure) and in the ‘‘non-synchronous’’
period the system was not activated (right-hand side). In the syn-
chronous-period, the beam current is kept to be high level and the
fluctuation width of the current is suppressed. Contrariwise, in
‘‘non-synchronous’’ period, the average current is decreased and the
fluctuaton width of the current is wider than that on the synchronous
period. (This figure is offered by T. Asaka.)
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