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Abstract 
It has been considered to build a mid-energy fourth 

generation storage ring photon source neighbouring the 
China Spallation Neutron Source, in Guangdong Prov-
ince, the south of China. The photon source is named as 
the Southern Advanced Photon Source (SAPS). Prelimi-
nary physics design studies on the SAPS have been im-
plemented for a few years. In this paper, we will describe 
considerations of technical roadmap and key parameter 
choice for this photon source, and introduce the up-to-
date lattice designs and related physics studies on the 
SAPS.  

INTRODUCTION 
Early from 2016, scientists from the Institute of High 

Energy physics (IHEP), have proposed to build a mid-
energy fourth generation storage ring photon source 
neighbouring the China Spallation Neutron Source 
(CSNS), in Guangdong Province, the south of China. This 
photon source, together with the CSNS, is expected to 
able to benefit multi-discipline scientific researches in the 
south of China. 

In the past few years, several meetings were held to dis-
cuss the main goals and roadmap of this photon source, 
and great efforts were made to apply for the R&D project 
for this photon source, which is named Southern Ad-
vanced Photon Source (SAPS).  

In the meantime, preliminary design studies are under 
way. In current stage the main parameters of the photon 
source, like the beam energy and circumference have not 
been fixed yet. And for the injector, two candidate op-
tions, i.e., Linac and booster, a full energy Linac are both 
under consideration. This brings challenges but also great 
freedom to the design studies. It is expected that with 
iterative design and optimization, the overall design goals 
of the SAPS will become gradually clear. 

Up to now, we have produced several candidate lattices 
for the SAPS storage ring and the injector. The design 
experience of the High Energy Photon Source [1] (HEPS, 
also built by IHEP) provides many helpful information 
and references. In addition, we also started studies on 
related physics issues in such an ultralow emittance ring 
photon source, such as the lattice calibration, collective 
effects and injection schemes. The status of the SAPS 
design studies is presented in this paper. 

PHYSICS DESIGN STUDIES 
Candidate Ring Lattice Design 

One candidate lattice for the SAPS storage ring has 
been worked out, with a beam energy of 3.5 GeV and a 
circumference of 1080 m. It is composed of 36 7BA cells. 

 
Figure 1: Layout and optical functions of the candidate 
lattice designed for the SAPS. The blue, red, green, dark 
green blocks represent dipoles, quadrupoles, sextupoles 
and octupoles, respectively. 

In this lattice design, we basically followed the Hybrid 
Multi-bend achromat (H-MBA) concept [2], which was 
firstly proposed and adopted in the design of the ESRF 
upgrade project. Based on the H-7BA, we added some 
combined function dipoles such as longitudinal gradient 
bends (LGBs) [3] and high-gradient horizontally focusing 
anti-bends (ABs) [4] to further improve the performance. 
Firstly, we replace the third and fifth dipoles in each ach-
romat with novel combined function dipoles (like those in 
Elettra-II [5]) and change the fourth dipole to an LGB 
whose central slice has a magnetic field up to 2 T. Each of 
the novel combined function dipoles consists of high-field 
(up to 1.05 T without transverse gradient) dipole in the 
middle and moderate-field (0.31 T with transverse gradi-
ent up to 20 T/m) dipoles on both sides. In addition, 
neighboring the LGB, there are two dipoles combined 
with horizontally defocusing gradient and two ABs, like 
the unit cell in SLS-II [6]. Then we replace two quadru-
poles within the dispersion bump to those ABs. Consider-
ing the experience [7] in the HEPS design that the lattice 
parameters are more relevant to the horizontal phase ad-
vance of one pair of sextupoles, and less relevant to the 
vertical one, the vertical phase advance between the one 
pair of the sextupoles is not matched to nπ but treated as a 
free variable during the design and optimization process. 

The lattice is optimized with the multi-objective parti-
cle swarm optimization (MOPSO) [8, 9] and multi-
objective genetic algorithm (MOGA) [10, 11]. Experience 
[12] in HEPS has shown that a combination of MOPSO 
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and MOGA is more effective than using only either of 
them. In the optimization, all tunable variables except the 
lengths of the quadrupoles and long straight sections are 
optimized to find some feasible solutions between the 
emittance and ring acceptance (a normalized quantity 
with the dynamics aperture (DA) and momentum ac-
ceptance (MA)). Finally, a design with an emittance of 
31.8 pm⋅rad is obtained [13]. The layout and optical func-
tions of one period are shown in Fig. 1, and the main 
parameters of the storage ring are summarized in Table 1. 
In the candidate design for SAPS, the horizontal and 
vertical phase advances between the sextupoles are 3π 
and 2.5π, respectively. Moreover, the MA is about 4% and 
the DA for on-momentum particles is about 5 mm in the 
horizontal and 4 mm in the vertical (tracked for 1024 
turns), sufficient for on-axis injection. 

Table 1: Main Parameters of the Candidate Design 

Parameters Values  Unit 

Beam energy 3.5 GeV 

Natural emittance 31.8 pm⋅rad 

Circumference 1080 m 

Natural energy spread 1.10 10   

Length of straight section 5 m 

RF frequency 166.7 MHz 

RF voltage 1.2 MV 

Corrected chromaticity 
(H/V) 1  

Momentum compaction 
factor 1.37 10   

Harmonic number 600  

Natural bunch length 4.6 mm 

Betatron tune (H/V) 81.23/64.18  

Radiation energy loss per 
turn 0.898 MeV/turn 

Damping partition (x/y/z) 1.55/1/1.45  

Damping time (x/y/z) 18.1/28.1/19.3 ms 

Injector Option A: Linac and Booster 
The injector option of a low energy Linac and a booster 

has been adopted by many synchrotron photon facilities 
[1, 14-16] due to its robustness and lower cost, compared 
to other options like full energy Linac and the energy 
ramping storage ring.  

In our preliminary design for this option, the Linac con-
sists a DC thermionic electron gun, a bunching section 
and an accelerating section. The electron gun can provide 
electron bunches at 50 Hz with energy of 150 keV, bunch 
length of about 1.6 ns. The bunch charge can be varied for  

different working modes of the storage ring. The bunch-
ing section includes two sub-harmonic cavities, one pre-
buncher, one main-buncher, one S-band Linac and several 
focusing solenoids. This section can compress the bunch 
length and accelerate the bunch energy to about 50 MeV. 
In the accelerating section the electron energy will be 
boosted from 50 MeV to 150 MeV and the bunch length 
is further reduced using velocity bunching. The layout of 
the low energy Linac system is shown in Fig. 2. Details 
are given in another paper [17]. 

 

 
Figure 2: The Layout of the low energy Linac system of 
the injector option A. 

The booster is assumed to be a 1 Hz synchrotron. Elec-
tron bunches coming from the 150 MeV Linac will be 
accelerated, then extracted and injected into the storage 
ring. The current design of the booster has a three-fold 
structure lattice with a circumference of 240.5 m, includ-
ing 60 dipole magnets and 78 quadrupole magnets. Each 
super-period, as shown in Fig. 3, consists of nine identical 
TME cells and two matching cells to make dispersion-
free long straight sections. The booster will be located in 
a separate tunnel from the storage ring.  

 

 
Figure 3:  Layout of the booster TME lattice and the opti-
cal functions along the lattice. 

Injector Option B: Full Energy Linac 
Both X-ray Free Electron Laser (XFEL) and Diffrac-

tion Limited Storage Ring (DLSR) are the 4th generation 
photon sources and currently being built or planned 
around the world. Thus, in the early design stage, it is 
better to keep the option of full energy Linac injector for 
the DSLR in case the XFEL plan is foreseen in the future. 
In fact, Max-IV [18], Spring-8-II [19] and another 3 GeV 
photon source project in Japan [20] adopt this option for 
the same reason. SAPS is a mid-energy-range DSLR. 
With similar undulator design as the CompactLight pro-
ject [21], the generated photon can cover the soft X-ray 
region and part of the hard X-ray region [22]. Thus, the 
Linac of this option has been designed in such a way that 
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it can be used as an XFEL while fulfilling the needs of the 
storage ring.  

C-band RF photo gun has been chosen for Compact-
Light project to provide small emittance beam (0.15 µm 
normalized).  In order to generate hard X-ray at relatively 
lower energy like SAPS, the period of the undulator 
should be short and the emittance from the electron beam 
should be small. Thus C-band RF gun is chosen for SAPS 
too. At the same time, C-band accelerating structures have 
been widely chosen in recent XFEL projects like SACLA 
in Japan [23], swissFEL [24] in Switzerland and SXFEL 
[25] in China, also in the above-mentioned 3 GeV photon 
source project in Japan. For the option of the full energy 
Linac of SAPS, we consider a full C-band Linac, except 
for the linearizer part, making it an advanced solution. 

A preliminary full energy Linac delivering 3.5 GeV 
electron beam working in the XFEL mode has been de-
signed [26], as shown in Fig. 4. The whole Linac includes 
two-stage beam compression, at 300 MeV and 1.5 GeV, 
respectively. However, compressed beam with a current 
intensity of several kiloamperes is not suitable for beam 
transport and injection to the SAPS ring due to large radi-
ation loss. One possible solution is putting the second 
Bunch Compressor (BC) after the final energy like Max-
IV or bypassing the second BC during injection. Another 
choice is making the bunch longer in the transport line 
from the Linac to the ring, like that in SACLA [19]. 

 

 
Figure 4: Full energy Linac injector for SAPS. 

Injection Consideration 
Conventional off-axis injection scheme generally re-

quires that the storage ring provides a large dynamic aper-
ture at the level of 10 mm. For the SAPS storage ring, the 
small dynamic aperture of 5 mm makes it difficult to use 
off-axis injection scheme. 

The novel on-axis transverse injection scheme [27] re-
quires dynamic aperture of only few millimeters, which is 
compatible with the SAPS storage ring. The cost for this 
on-axis injection is that there is no beam accumulation 
and thus large bunch charge from the injector.  

Moreover, the on-axis longitudinal injection scheme 
[28] is also under consideration. This scheme allows 
bunch accumulation so that the requirement for single 
bunch charge is not critical. Especially in the case of the 
full energy Linac option, the single bunch charge is typi-
cally lower to ensure a small beam emittance. The chal-
lenge of this on-axis injection scheme is even faster injec-
tion kicker (compared to on-axis transverse injection) 
with the state-of-art technology. 

Error Study 
A large number of ultra-high gradient quadrupoles and 

sextupoles in the SAPS storage ring design lead to tight 
tolerance of beam parameters to magnetic errors. There-

fore, it is essential to evaluate the effect of various mag-
netic errors on lattice parameters. 

At present, the SAPS error study covers some common 
errors in practical accelerator (in brackets are typical 
setting in simulation): 
 Alignment offsets in three directions (30 μm in rms) 

and rolling angles (100 μrad in rms) 
 Magnetic field errors: dipole (3 10 ), quadrupole 

(2 10 ) and sextupole (3 10 ). 
Different random seeds are generated for the SAPS lat-

tice error study. Beam optical parameters, closed orbit 
information, and dynamic aperture are recorded and ana-
lyzed. It is found that for the errors listed above, the 
alignment error has dominant contribution to DA reduc-
tion. More details are shown in [29]. 

IBS Effects 
For SAPS which operates in the regime of low energy, 

ultra-small emittance and high luminosity, intra-beam 
scattering (IBS) that includes multiple small-angle cou-
lomb scattering within the beam will lead to a remarkable 
increase in the 6D emittance of the bunch and thus greatly 
restrict the best performance of photon source. 

The IBS introduced growth rates and equilibrium emit-
tances in SAPS are calculated with the tool of ELEGANT 
[30], the algorithm of which is based on the Bjorken and 
Mtingwa’s formula [31]. Simulation results indicate that 
the beam emittance is sensitive to the beam current inten-
sity and the coupling factor. By using 3rd harmonic cavi-
ties for bunch lengthening and insertion devices for in-
creasing damping, the IBS effect can be controlled and 
the growth rate of emittance will slow down significantly. 

OTHER STUDIES 
One of the attractive studies of the storage ring photon 

source is to break the time resolution limits of its radia-
tion pulses and extend the time resolution to femtosecond 
or even sub-femtosecond levels. To achieve this goal in 
SAPS, a new scheme has been proposed by combining a 
few-cycle laser and a laser modulation scheme [32, 33]. 
The numerical results of the proposed scheme demon-
strate the feasibility of obtaining a soft X-ray attosecond 
pulse with MW level peak power in SAPS. In addition, by 
adopting an optical cavity, the repetition rate of the atto-
second pulse is expected to reach the level of MHz. 

SUMMARY 
A mid-energy 4th generation photon source was pro-

posed to be built near the CSNS, in the south of China. 
The efforts of the lattice designs and related physics stud-
ies on the SAPS have been made. The basic design on the 
ring and injector has been worked out. Nevertheless, there 
is still a lot of work ahead to reach a satisfying and self-
consistent physics design of the photon source. 
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