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Introduction 
FFAG - Fixed Field Alternating Gradient accelerator 





Early developments - MURA 

Spiral sector ring 

Two beam 
accelerator 

•MURA (Midwestern Universities  
Research Association) built first prototypes 
• All were electron models and used betatron core  
 for acceleration 





RF cavity was used for acceleration for the first time in the FFAG 

(Y. Mori and his collaborators) 



FFAG synchrotrons(2) 



FFAG Storage Ring (1) 

ERIT ring at KURRI 



FFAG Storage Ring (2) 

Test PRISM ring, RCNP, Osaka, Japan 



Progress on FFAGs 
 
•EMMA (DL, UK) 
•RACCAM (Recherche en ACCe ́le ́rateurs  
et Applications Me ́dicales ) 
•eRHIC FFAG design 
•CBETA (recently approved) 
•..... 
 
 
 

EMMA 

RACCAM  
spiral magnet 



Advantages, zero chromaticity 

Low beam loss with large momentum spread! 

• FFAGs allows for a natural chromaticity suppression (scaling version). 
•This allows to reduce dramatically the chromatic tune spread. 



Disadvantages 

• Large and difficult to construct magnets 

• Small amount of space due to a very packed 
lattice (for injection/extraction, RF, 
collimation, etc.) 



Magnets 

Very large FFAG magnets were successfully designed 
and constructed! For SC magnets J-PARC is the closest example. 

PRISM magnet 
designed by Osaka 
University 



FFAG magnets performance 



Advanced FFAG 

By combining cells with 
different radius 
or arcs  with straight cells, 
space issue 
may be overcome. 



How to make straight cell? 

J-B. Lagrange’s thesis 



Straight FFAG (principles) 





Advantage of FFAG: large momentum 
acceptance 

We have solutions for 16% (triplet) and 19% total momentum spread. 





Triplet solution layout 
 (J-B. Lagrange, JP) 





Quadruplet solution 
(J-B. Lagrange, JP) 

Lattice design includes three cell types  
(dens arc, matching and straight ones)  



Quadruplet Ring FFAG parameters 



Quadruplet FFAG, lattice functions 



Quadruplet, lattice design 

Magnetic field at  the top momentum 
particle 

Chromatic tune spread for  
19% momentum spread 



Injection section 

• Injection system will use septum magnet and NO kicker  
  (stochastic injection) 
• Special optics allows to introduce  a sufficient straight section length 



Issues with FFAG design  

• Muon beam capture efficiency is reduced due 
to dispersion present in the decay straight 



Issues (2): Effect of scallop on the 
neutrino spectrum 

• Near detector distance: 50m, 5m diameter, 
simulation for 4000000 stored muons 
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nuSTORM FODO (red) versus triplet FFAG (blue) 



Conclusions 

• FFAG design allows to substantially increase the ring’s 
momentum acceptance (and so the neutrino flux), 
while maintaining a very large transverse acceptance 
(see the next talk by S. Tygier) 

• Modular FFAG design by combining straight FFAG cells 
with a very compact circular FFAG arcs has been 
successfully accomplished allowing for a sufficient 
space for injection. While doing so the zero-
chromaticity can be maintained. 

• Matching between different optical modules is possible 
– Automatic design toolkit was created. 



Future plans 

• The design needs to be revisited focusing on the 
goals of scattering experiment(s) 
– Energy (range) needs to be redefined 

• Further improvement into the design should be 
investigated: 
– Compact Arc 
– Accommodation of zero dispersion and no scallop 

section (Hybrid design) 

• Further details concerning the injection and 
magnet systems need to be studied. 

• Error study needs to be performed. 


