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Current Status of the TPS Lattice Design

The design of storage ring circumference of the Taiwan Photon Source (TPS) is reduced from the previous 518.4 m to
486 m with number of straight section unchanged as 24 due to the partial concern of construction cost. Two different
lattice configurations, namely the Double-Bend Achromat (DBA) and the Quadruple-Bend Achromat (QBA), were
evaluated. In this report, the natural emittance and effective emittance effects in the presence of the insertion devices
(IDs) for DBA and QBA lattices are presented.  

In the previous annual report, we presented a DBA lattice of 24-cell,
6-fold symmetry and 518.4 m circumference for the TPS storage
ring. The design parameters meet the users' requests and, with
IDs, the photon beam spectral brilliance can reach 1021 photon/sec/
mm2/mmrad2/(0.1%δλ/λ).

However, a slightly smaller ring will reduce the construction cost
and pose more technical challenges, with the same performance
specification, from the engineering point of view. To maintain high
brilliance as that of the 518.4 m case, we still need the 24-cell
configurations for DBA structures. The lattice would be a fully packed
structure in terms of components layout and this will cause not only
nonlinear beam dynamics issues but challenge in engineering per se. 

A DBA lattice with a basic structure of 24 cells, 6-fold symmetry
and 486 m in circumference has been achieved. The natural
emittance is 1.7 nm-rad and 5.2 nm-rad respectively in
nonachromatic mode and achromatic mode. The nonlinear beam
dynamics behavior with a set of chromatic and harmonic sextupoles
for the chromaticity correction has reached a satisfactory level.  

A variety of IDs are planned to be installed in the straight
sections. These IDs are the major parts that tune the light sources.
However, with such devices, the impact on the beam dynamics
including the working tune, the optics and emittance, the energy
spread and coupling, and the dynamical aperture, needs to be
evaluated. One of the major concern is the emittance or effective
emittance that changes with the high field IDs. 

The beam natural emittance of an electron storage ring is
determined by the balance between radiation damping and
quantum excitation. In dispersive region, energy spread of the beam
adds the contributions to beam size and beam divergence.  The
t wo - d i m e n s i o n  e f fe c t i ve  e m i t t a n ce  is  εx , e f f  =  √εx εx,1D
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x /βx (at symmetry center) is the H function in the ID
location, and ηx , βx are dispersion and betatron
functions of the lattice. It is shown that the effective
emittance εx,eff is smaller in nonachromatic mode than
the achromat case. Therefore, operating a machine with
nonachromatic optics can gain more photon beam
brightness. Usually, in the non-dispersive region, high
field IDs will have more radiation damping and induce
less quantum excitation.  In short, these high field
elements will act as damping devices and natural
emittance will be reduced. On the other hand, putting
IDs in the dispersive region, quantum excitation might be
dominant, depending on the dispersion and field
strength, and the natural and effective emittance will be
enlarged to some extend in the presence of the high field
IDs. Therefore, the lattice configurations in two modes of
DBA can be adjusted by changing the quadrupole
settings and effective emittance can be optimized
depending on the number and type of IDs.

If lattice configuration is a dispersive and non-
dispersive combination, for instance, the QBA type, then
one can have the natural emittance about half of that in
the DBA achromat case. By installing high field IDs in the
non-dispersive straights, the natural emittance will be
further reduced. This QBA design concept was proposed
by S. Y. Lee, a member of the TPS Steering Committee.
The length of the inner dipoles is about 1.5 longer than
the outer dipoles so that the emittance can be optimized.

Fig. 1: The optical functions of the DBA lattice.

Fig. 2: The optical functions of the QBA lattice. 

Table 1: Major parameters of the TPS

DBA QBA
Energy (GeV) 3.0 3.0
Beam current (mA) 400 400
Nat. emittance (nm-rad) 1.7 3.0
Cell / symmetry / structure 24 / 6 / DBA 12 / 6 / QBA
β�x /β�γ/η�x (m) LS middle 11.1 / 7.1 / 0.13 11.5 / 8.8 / 0.0
RF frequency (MHz) 499.654 499.654
RF voltage (MV) 3.5 3.5
Harmonic number 810 810
SR loss/turn, dipole (MeV) 0.853 0.750
Straights 10.9m*6+5.7m*18 10.9m*6+5.3m*18
Betatron tune vx / vγ 26.22 / 12.30 26.28 / 12.25
Synchrotron tune vs 6.0×10-3 6.0×10-3

Bunch length (mm) 2.8 2.7
Dipole B/L (Tesla) / (m) 1.19 / 1.1 1.04 / 1.0, 1.5
Mom. comp.α�1 2.4×10-4 2.7×10-4

Nat. energy spread σ�E 8.86×10-4 8.31×10-4

Damping time (τ�x /τ�γ/τ              s)  (ms) 11.4 / 11.4 / 5.7 13.0 / 13.0 / 6.5
Damping partition (Jx,y,s) 0.998 / 1.0 / 2.002 0.998 / 1.0 / 2.002
Nat. chromaticity ζ�x /ζ�γ -69 / -30 -64 /-30
Dipole number 48 48
Quadrupole number 240 240
Sextupole number 168 168
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The dipole field strength of the QBA is low enough and
the emittance damping effect with high field IDs is
stronger.

Designs using several QBA configurations with
different ID straights have been conducted as well. The
quadrupole and sextupole locations are almost identical
to the DBA structure. Nonlinear optimization shows that
the beam dynamics behavior of the QBA lattices is similar
to DBA, i.e., large enough dynamic aperture, energy
acceptance and beam lifetime. Examples of DBA and QBA
with corresponding lattice functions are shown in Figure
1 and 2. Major lattice parameters are listed in Table 1 and
the natural emittance and effective emittance in the
presence of the strong field insertion devices (SW6 of 3.5
Tesla peak field, 33 periods and period length of 60 mm)
are indicated in Figure 3. Note that in the non-dispersive
straights, the effective emittance is the same as the
natural emittance.

Fig. 3:  Natural and effective emittance
of the proposed DBA and QBA
structures as a function of numbers of
high field insertion devices, i.e. super-
conducting wigglers SW6. Each SW6
consists of 66 poles, 3.5 Tesla peak field
and period length is 60 mm. Note that
the effective emittance is the same as
the natural one in the dispersion-free
straights. 


