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Facility Highlights

Project Status of Taiwan Photon Source

The basic lattice designs of storage ring and booster are the most major tasks that need to be finalized. It serves 

the basis for civil planning, accelerators engineering layout and the subsequent detailed engineering of various 

subsystems. Two different lattice configurations, namely the Double-Bend Achromat (DBA) and the Quadruple-

Bend Achromat (QBA), were evaluated before the mid-year of 2007. However, several issues still need to put into 

consideration to decide the final lattice layout and circumference such as length of straight sections, effect of 

damping wigglers, segmented insertion devices, canted in-vacuum insertion devices, arrangements for femto-

slicing and crab cavity arrangements for the generation of shorter pulses. These add-ins and constrains with 

deteriorating effects, a robust and flexible basic lattice will be put in priority.  
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After fourteen years operation of the Taiwan Light 

Source (TLS), the facility has now in the world standard le-

vel; numerous experimental devices and components 

developed in-house, some being the first of its kind in 

the world, have won us international recognition.  Several 

synchrotron light sources with smaller emittance, higher 

brilliance and intermediate electron energy about 3 GeV 

are being constructed and operated.  Whereas the TLS, the 

first third-generation light source built in Asia, is with low 

electron energy 1.5 GeV and large emittance. Because of 

the constraints in its energy and emittance, thus become 

deprived of its advantages and competitiveness in the 

synchrotron world community. 

In view of the lacking competition gradually, Board 

of Trustee suggested that NSRRC should propose another 

synchrotron light source with energy around 3 GeV to 

increase the research capacity, especially in the X-ray 

range. To fit into the existing site and to satisfy the user 

requirements, some configurations of the accelerator systems 

as well as the size of the storage ring have been discussed.  

One of the attractive configurations is a 24-cell ring with its 

circumference around 500 m, which can incorporate with 

current administration and research buildings.

Several designs of storage ring circumference of the 

Taiwan Photon Source ( TPS) are studied, ranging from 

the 360 m to 518.4 m.  A functional and detail theoretical 

design of a 518.4 m storage ring was discussed in previous 

annual report with number of 24 straight sections and 6-fold 

symmetry. The design parameters meet the users' requests 

and, with insertion devices (IDs), the photon beam spectral 

brilliance can reach 1021 photon/sec/mm2/mrad2/(0.1% ).
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To further explore the characteristics of the photons' 

performance, electrons dynamic behavior, construction 

cost, engineering layout and capability, several lattice 

configurations were simulated and designed during the 

second half of 2006 and first half of 2007.  An international 

Machine Advisory Committee (MAC) was set up and held its 

first meeting to review the accelerator designs on June 4-5, 

2007.  The conclusions suggested adapting Double-Bend 

Archomat (DBA) lattice with longer straight sections. 

The second MAC meeting was held on Jan. 9-10, 

2008.  During the meeting, a linear lattice of a DBA with 

distributed dispersion function was presented to committee 

and endorsed during the meeting.  The designed DBA 

lattice, with 1.6 nm-rad emittance, is shown in Fig. 1 with 

distributed dispersion function. Figure 2 shows the dynamic 

aperture with small energy offset and the analysis of 

dynamic aperture with color mapped tune spread.  The 

small aperture effect in the straight and the multipole 

components errors will be further analyzed. 

The lattice configurations have 6-fold symmetry layout.  

It can provide six long straight sections, which are suitable for 

injection, long IDs, laser slicing, crab cavities for short bunch-

length and Superconducting RF (SRF) modules. If there were 

strong-field insertion-devices installed in the storage ring, the 

lattice is flexile enough to retune the quadrupoles setting in 

order to reduce the impact of high-field ID in the dispersion 

straight section.  Continual optimization of the lattice design, 

error analysis and simulation of non-linear effects will be the 

major tasks for the first half of 2008.

SRF cavities are originated to deliver most of the RF 

power to stored beam current and suppress the excitation 

of the higher-order-modes in the operation of high-energy 

colliders to increase the luminosity.  NSRRC was the first to 

propose using the SRF cavity in synchrotron facility.  Now, 

it was widely used as acceleration structure for the new 

mid-energy synchrotron facilities, e.g. Diamond, Soleil, 

and SSRF.  With the superconducting cavities, no coupled 

bunch instabilities due to higher order modes of cavities 

are anticipated.  A single-cell SRF cavity was operated for 

more than 35 months with the great records in terms of 

high reliability, availability and beam stability in TLS.  Using 

SRF cavities are mature selection for TPS project.  A proposed 

installation layout of one set of SRF cavities is shown in Fig. 3.  

These SRF modules will be designed to have identical physical 

dimensions in both transverse and longitudinal directions 

between the gate valves for quick replacement.

The injection scheme of TPS adopts the combination 

of one septum magnet and four kickers.  The incoming 

beam will be injected into the storage ring horizontally. 

Multi-turns injection will be used to accumulate of the 

Fig. 1:The optical functions of the DBA lattice with circumference of 
518.4m and a distributed dispersion function around the ring.

Fig. 2: The particles tracking of non-linear effects in the storage 
ring, (a) the dynamic aperture with small energy offset and 
(b) the dynamic aperture analysis with color mapped of 
tune spread. 

Fig. 3: Transverse and longitudinal plots of dual SRF modules, 
which were configured to be identical in-between gate 
valves for the purpose of quick replacement.  

Fig. 4: One of typical layout of the injection section of TPS storage 
ring. Four kicks form a local bump along with an injection 
septum to perform off-axis multi-turn injection.
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stored beam current.  An off-axis injection is designed.  The 

whole injection components will be placed in the same 

long straight section as shown in Fig. 4. This design is similar 

to the injection scheme of TLS. It is an elegant design with 

same strength for all kickers and easy to manipulate the 

bumper height and eliminate the nonlinear effects of 

quadrupole and sextupole due to the bumper amplitude.  

This will be very helpful in the operation of top-up injection 

to minimize the residual excitation amplitude during 

injection. However, the engineering of the thickness and 

coating layer of ceramic chamber and the jitter control 

of the kicker power supply will play crucial role to form a 

prefer local bump.  A straight section of at least 10.6 m long 

is reserved for the injection elements of the TPS.

Booster synchrotron combined with a gun and a Linac 

can form an injector. Full energy Linac can also be an option 

of injector with higher construction and operation cost, but 

with the capability in operation as injector of free-electron-

laser. Under constrains of construction and operation 

budget, we choose the booster synchrotron as the injector. 

In the construction, booster synchrotron can be either in 

an independent building or sharing the same tunnel as a 

concentric booster ring.  The equilibrium emittance of a con-

centric booster ranges around 10 nm-rad., and 30 nm-rad. for 

a separated booster.  Either case will sever as a good injector 

for the TPS storage ring.  Figure 5 shows one of the designed 

linear optics for the booster synchrotron.  The bending 

magnets are combine-functions dipole, which integrated 

with quadrupole and sextupole components to make the 

lattice compact.  The booster lattice will be further refined 

according to the non-linear effects and error analysis. 

A general layout of NSRRC's complex is shown in 

Fig. 6.  There are three major additions to the old campus, 

which are the TPS main ring, activity center and the utilities 

building.  The building of main ring includes the houses 

of 150 MeV Linac, booster ring and the storage ring.  The 

activity center will serve the function and space for the 

cafeteria, parking, guesthouse and conference.  Utility 

building provides the basic utility needs of TPS, which 

include the chill water, de-ionized water, electricity and the 

heat exchange system. 

The initial research budget of TPS was funded by 

National Science Council at the end of 2006. The TPS first-

year budget was approved by Legislation Yuen in June 

2007. The architecture designer was selected in October 

2007.  It is expected to complete the civil design in October 

2008.  An international Machine Advisory Committee will 

have its third meeting on early July of 2008. An accelerator 

Detail Design Report is targeted to complete at the July of 

2008 and submitted to MAC meeting for review.   
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Fig. 5: Optical function of a concentric booster with 6-fold 
symmetry and circumference of 496.8 m.

Fig. 6: The architect's drawing of the accelerator complex 


