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Abstract 

The SLAC Beam Physics group and other SLAC collaborators continue to 

study options for implementing a near diffraction-limited ring-based light 

source in the 2.2-km PEP-II tunnel that will serve the SSRL scientific 

program in the future. The study team has completed the baseline design 

for a 4.5-GeV storage ring having 160 pm-rad emittance with stored beam 

current of 1.5 A, providing >10
22

 brightness for multi-keV photon beams 

from 3.5-m undulator sources. The team has also investigated possible 5-

GeV ERL configurations which, similar to the Cornell and KEK ERL 

plans, would have ~30 pm-rad emittance with 100 mA current, and ~10 

pm-rad emittance with 25 mA or less. Now a 4.5-GeV “ultimate” storage 

ring having emittance similar to the ERL and operating with ~200 mA is 

under study. An overview of the progress of the PEP-X design study and 

SSRL’s plans for defining performance parameters that will guide the 

choice of ring options is presented. 

Presented at the 2011 Particle Accelerator Conference (PAC’11) 

New York, USA, March 28 – April 1, 2011 
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 “ULTIMATE” RING 
At present the design team is investigating a storage 

configuration having emittance comparable to an ERL. 
The preliminary lattice for this ultimate ring is based on 
MAX-IV design [12] using seven-bend achromat (7BA) 
cells (Figure 4). Each 30.4-m cell contains 5 main 
combined function dipoles with focusing quadrupoles 
between them, two normal matching dipoles at each end 
and quadrupole triplets at each end of a 5- m ID straight. 
Each arc is comprised of 8 cells allowing up to 9 ID 
straights per arc. The cell phase advance of x = 2.125 x 
2 and y = 1.125 x 2 provides cancellation of sextupole 
driving terms in each arc. Without damping wigglers, the 
natural emittance with 200 mA is 55 pm-rad (29 pm-rad at 
zero current) which can be coupled to produce either a 
round beam (27.5 pm per plane), or a flatter beam (e.g. 47 
x 8 pm). Dynamic aperture is ~200σ of the 12 μm rms 
horizontal x 5 μm rms vertical beam size in straight 
sections. Further reduction of emittance (a factor of 2 or 
more) and damping times using a damping wiggler has 
yet to be studied. Baseline and ultimate ring parameters 
are compared in Table 1.  

While dynamic aperture is large compared with beam 
dimensions, it is likely to be insufficient for off-axis 
injection. On-axis “swap-out” injection [2] of ~10 nC in 
trains of ~20 bunches from an at-energy linac would limit 
total current to 100-200 mA in a pattern of 100-130 such 
trains in the ring, separated by gaps to accommodate 
kicker rise- and fall-times. Photon brightness would be 
equivalent to the 1.5-A baseline design but would have 
higher coherent fraction and far less photon heat loads for 
accelerator and beam line components.  A re-optimization 
of arc straight section length to accommodate longer IDs 
may yield higher source brightness. Higher current could 
be stored using an injection accumulator ring. Preliminary 
studies indicate that this lattice configuration might 
support a nm-wavelength FEL in a switched bypass [13]. 

CHALLENGES 
Common to both the ultimate ring and ERL 

configurations is the need for advances in beam line 
optical design, including mirrors, refractive optics, 
monochromators, and other components that will be 
required beyond existing technology to preserve the 
extraordinary emittance and coherence of the beam and to 
handle its high power densities. Micron-level beam 

stability between source and experiment will be required, 
most likely attainable only with advanced integrated 
electron orbit and beam line stabilizing feedback systems.  

Successful realization of PEP-X depends not only 
resolving technical challenges, but also on establishing a 
compelling scientific justification for building such a 
machine.  A series of workshops have already been 
convened by the photon science community to explore 
new applications and capabilities that could be served by 
diffraction-limited, high average brightness, low peak 
brightness, high repetition rate sources for hard X-rays, 
complementary the X-ray FELs [14], which include 
imaging with nanometer or better resolution and X-ray 
photon correlation spectroscopy (XPCS). Articulation of 
the scientific goals will help define more specific design 
parameters and functional modes for the future machine, 
as well as the technology needed to realize it.    
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Figure 4: One 7-bend achromat cell. 

Table 1: Main parameters of PEP-X as a storage ring  

Parameter Baseline 
damp wigg 

Ultimate 
no damp wigg 

Energy, E0 [GeV] 4.5 4.5 
Circumference, C [m] 2199.32 2199.32 
Emittance @ I, x/y [pm] 160/8 47/8 
Beam current, I [A] 1.5 0.2 
Harmonic number, h 3492 3492 
Number of bunches, nb 3154 ~2500 
Bunch length, z [mm]  3.01 3.1 
Energy spread,  1.14 x 10-3 7.23 x 10-4 
Mom. compaction,  5.74 x 10-5 5.0 x 10-5 

Tunes, x /y /s  
86.23 /36.14 

/ 0.0076 
114.23/66.14 

/ 0.0041 
Damp times x /y /s [ms] 21 / 21 / 11 75/ 184/ 326 
E loss/turn, U0 [MeV] 3.12 0.36 
RF voltage, VRF [MV] 8.7 2.7 
Lifetime @ I [hr] 1 tbd (> 1 est.) 
x/ y at ID center [m] 10.4 / 8.0 4.9 / 0.8 
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