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Abstract

In recent years there are some discussions on upgrade
plans of existing synchrotron radiation light sources and
proposals of new facilities. In these the target brilliance of
photons is set to be comparable or even higher in some en-
ergy range than that of the present value of SPring-8. At
SPring-8 a design study of a new storage ring is now in
progress for the future upgrade plan. The lattice structure
will be changed from the present double-bend type to the
multi-bend one, keeping the source position of all insertion
devices unchanged. We report the present state of our pre-
liminary work on the lattice design.

INTRODUCTION

The SPring-8 storage ring has been operated for more
than ten years and provided brilliant hard X-ray radiation to
users. For the future upgrade plan of the SPring-8 facility,
a design study of a new storage ring is now in progress. In
examining the upgrade plan we have imposed the following
conditions. (i) The average brilliance should be about 100
times (or more) higher than the present value. (ii) Hard
X-ray up to about 100keV should be available. (iii) The
present machine tunnel should be reused. (iv) The number
and the position of insertion device beamlines should be
kept. (v) The emittance should be as small as possible,
aiming at the ultimate goal of the diffraction limit.

To satisfy these conditions, we considered the possibility
of changing the lattice structure of the storage ring from the
present double-bend (DB) type to the multi-bend one. As in
other upgrade plans of the existing storage ring or propos-
als of a new facility [1-8], our design is based on the multi-
bend cell with a unit having the theoretical-minimum emit-
tance structure. Combined-function magnets are also used
when necessary. From the viewpoint of magnet strengths,
heatload, beam emittance and energy spread, we lower the
beam energy from the present nominal value of 8GeV. A
preliminary target value we set is 6GeV. Though the beam
energy is lowered, a hard X-ray region of the photon spec-
trum is expected to be covered by technological upgrades
of insertion devices, and the lower beam energy has a merit
that we can increase the stored beam current.

In this paper we show several types of multi-bend lat-
tice having the natural emittance below 1nmrad. It is worth
mentioning that as we proceed to lower emittances by in-
creasing the number of bending magnets, we encounter the
difficulty that chromaticity correcting sextupoles become
stronger and stronger, and the dynamic aperture becomes

smaller and smaller. In our designing work of the storage
ring lattice, we developed and applied a method of non-
linear resonance correction to enlarge the dynamic aper-
ture for on- and off-momentum electrons [9]. A possible
scheme of further suppressing or managing nonlinear ef-
fects of sextupole fields will also be addressed.

LATTICE

Figure 1 shows the present double-bend cell structure of
the SPring-8 storage ring. The natural emittance is ε =
3.4nmrad at 8GeV, while the effective one at the straight
section (with dispersion leakage) is εeff = 3.7nmrad.
When we lower the energy from 8GeV to 6GeV, the emit-
tance becomes ε = 1.9nmrad and εeff = 2.1nmrad.
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Figure 1: The present double-bend unit cell. Lattice
functions and magnet arrangement (blue: bending, green:
quadrupole, orange: sextupole) are shown.

Starting from this double-bend structure, we increased
the number of bending magnets per unit cell one by one,
and checked the feasibility of a new lattice. Figure 2 and
Figure 3 are examples of the triple-bend (TB) lattice and
the quadruple-bend (QB) lattice, respectively. Typical pa-
rameters of the three different types of lattice are summa-
rized in Table 1. The natural emittance of the TB lattice
is ε = 0.43nmrad at 6GeV, while that for the QB lat-
tice is ε = 0.16nmrad at 6GeV. As shown in this table,
stronger quadrupole and sextupole magnets are required
as we go toward lower emittances. The bore diameter for
quadrupole and sextupole magnets was set to be 60mm, and
we checked by computer simulations that the required field
strengths are obtained with this diameter.

Proceedings of IPAC’10, Kyoto, Japan WEPEA032

02 Synchrotron Light Sources and FELs

A05 Synchrotron Radiation Facilities 2555



0

10

20

30

40

0

0.5

1

1.5

2

0 5 10 15 20 25 30

βx
βy

ηx
Be

tat
ro

n F
un

cti
on

 ββ 
[m

] Dispersion Function η [m]

Position [m]

Figure 2: An example of a triple-bend unit cell. Combined
dipole magnets with the field gradient of -2.04T/m are used
in this lattice.

0

10

20

30

40

0

0.1

0.2

0.3

0.4

0 5 10 15 20 25 30

βx βy ηx

Be
tat

ro
n F

un
cti

on
 ββ 

[m
] Dispersion Function η [m]

Position [m]

Figure 3: An example of a quadruple-bend unit cell.

It should be mentioned that in designing the lattice of the
whole ring, we need to consider four long-straight sections
(LSS’s) of about 30m that the SPring-8 storage ring has
in the present machine tunnel. Since the symmetry of the
ring can be lowered easily by the introduction of LSS’s, we
have to take care of transparent matching of optics [11].
For the TB lattice we designed a matching section hav-
ing a magnet-free space of about 30m. For the QB lat-
tice, we designed a FODO-type insertion having the beta-
tron phase advance of 2π in both horizontal and vertical
directions. Since the chromatic aberration in this FODO
insertion section is not so severe, we can omit installing
sextupole magnets in this section. Both types of the inser-
tion ensure transparent matching for on-momentum elec-
trons, and for off-momentum electrons the phase matching
is also maintained on a sufficient level. The dynamic aper-
tures and other beam parameters of the ring were calculated
by using these matching sections. It is possible that we can
use this LSS as a beam injection section or for installing
segmented insertion devices. The optimization of the LSS
lattice for the efficient use of this section will be studied in
the future.

Table 1: Main Parameters

Lattice Type DB TB QB
Energy [GeV] 6 6 6
Natural Emittance [nmrad] 1.9 0.43 0.16
Effective Emittance [nmrad] 2.1 0.54 0.18
Relative Energy Spread [%] 0.082 0.085 0.082
Betatron Tune (H) 40.15 61.15 88.18
Betatron Tune (V) 18.35 26.41 27.35
Natural Chromaticity (H) -88 -212 -354
Natural Chromaticity (V) -42 -65 -96
Mom. Compaction (×10−4) 1.68 0.86 0.34
Bending Field [T] 0.51 0.51 0.51
Combined Gradient [T/m] 0 -2.04 0
Quadrupole Strength [T/m] 14 23 32
Bore Diameter of Quad. [mm] 85 60 60
Sextupole Strength [T/m2] 320 1000 1690
Bore Diameter of Sext. [mm] 92 60 60

DYNAMIC APERTURE

As shown in Table 1, the natural chromaticity becomes
larger and larger as we require smaller and smaller emit-
tances. This then requires stronger sextupole magnets, and
in general the dynamic aperture shrinks. To enlarge the dy-
namic aperture for both on- and off-momentum electrons,
we developed a method of optimizing sextupole strengths
[9] by using an isolated resonance Hamiltonian [10]. Sex-
tupole strengths were optimized to suppress resonance ex-
citations for both on- and off-momentum electrons. Typical
results are shown in Fig. 4 for the case of the TB lattice. We
see the off-momentum dynamic aperture can be enlarged as
much as the on-momentum one by this method.
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Figure 4: The dynamic aperture of the TB lattice (ideal
ring w/o errors) calculated for on- and off-momentum elec-
trons. The δ is the relative momentum deviation. Sextupole
strengths were optimized to suppress resonance excitations
for (a) only on-momentum electrons (left) and (b) both on-
and off-momentum electrons (right).

Figures 5 are the dynamic aperture for the QB lattice.
The solid lines are for the ideal ring w/o errors. To check
the effect of machine errors, we set sextupole misalignment
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of 10μm in RMS. Five different sets of random errors were
used and the results are shown by the symbols. From these
calculations we can expect that the dynamic aperture will
be larger than ±5mm in the horizontal direction, and the
momentum acceptance will be about ±3%.
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Figure 5: The dynamic aperture of the QB lattice. Solid
lines are for the ideal ring w/o errors and the symbols are
for rings with 10μm RMS errors in sextupole alignment.

BEAM PERFORMANCE

By assuming the momentum acceptance of ±3% as ob-
tained above, we calculated the Touschek beam lifetime.
When the vertical emittance is fixed to be 7pmrad, which
value is currently achieved in the DB lattice at 8GeV, the
Touschek lifetime at the bunch current of 1mA is estimated
to be 10h for the TB lattice and 0.6h for the QB lattice.
This lifetime for the QB lattice is short and in this case it
will be difficult to keep a high single-bunch current even in
the top-up operation. We will then need to find optimum
values of emittance coupling and bunch length to control
the bunch volume.

We also estimated the effect of intrabeam scattering [12].
The results show that the increase in emittance for the QB
lattice at 6GeV is less than 20% at the bunch current of
1mA and 3% at 0.1mA. This can be further relaxed if we
make the bunch length longer to increase the Touschek
beam lifetime.

The average brilliance at around 10keV photon energy
will be (1 ∼ 2) × 1022ph/s/mm2/mrad2/0.1%BW, de-
pending on the choice of lattice and the emittance coupling
ratio. We assumed the stored current of 500mA at 6GeV,
expecting a future technological development in treating
high heatload from insertion devices: we will need to treat

the power density of about 1600kW/mrad2 (3.4 times
larger than the present) and the total power of about 56kW
(5.2 times larger than the present).

SUMMARY

We have shown TB and QB lattice designs for the fu-
ture upgrade plan of SPring-8. The emittance is well below
1nmrad at 6GeV (see Table 1). To achieve lower emit-
tances, we are still investigating the feasibility of other
types of multi-bend lattice. One of the candidates is the
6-bend lattice. Though required strengths of quadrupole
magnets and the field gradient of combined bending mag-
nets become very strong, we tentatively designed the 6-
bend achromat cell having the natural emittance of 62pm-
rad based on the work of Ref. [1]. In this 6-bend lattice, the
horizontal betatron phase between two bending magnets is
close to π, and there is a possibility that one can arrange
sextupole positions and strengths so that the dominant non-
linear effects cancel as in the (non-)interleaved sextupoles
scheme [13, 14, 15]. Optimization of the sextupole mag-
nets are in progress by taking account of the betatron phase
advance. Another way of controlling non-linear effects due
to strong sextupole fields will be to introduce higher-order
multipole fields like octupole magnets [5]. This will also
be studied in the future.
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