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Uncertainty on ratio of νe –νμ cross 
sections 

This directly translates into the precision of   
neutrino oscillation experiments and  
in particular affects future CP violation searches . 

J. Morfin, First discussion of  
nuSTORM in the context  
of the Physics Beyond  
Colliders workshop, IC,   
16/02/17 
 



Optional 



Neutrino Flux 

• Multiple channels available 
•Good time separation 
•Good source of electron neutrinos! 



FODO design, A. Liu 

•Based on separated function AG lattice, well known technology 
•Partial chromaticity correction with sextupoles was studied 



FODO design, A. Liu 



Losses in the FODO (w/o sextupoles) 

•Natural chromaticity leads to losses as a function of momentum 
•Lattice errors not included 
 
  



Advantage of FFAG: large momentum 
acceptance 

•FFAG can accept  16% (triplet) or 19% total momentum spread. 
•FODO - 9% with 58% efficiency (67% with sextupoles) 
 



Advanced FFAG 
By combining cells with 
different radius 
or arcs  with straight cells, 
long straight sections can 
be created and neutrino 
beam can be formed along 
them. 



How to make straight cell? 

J-B. Lagrange’s thesis 



Straight FFAG (principles) 

...however orbit scallop angle is present! 





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 



PyZgoubi vs JB’s code comparison 

Very good agreement! 

S. Tygier,  
First discussion of  
nuSTORM in the context  
of the Physics Beyond  
Colliders workshop, IC,   
16/02/17 
 



nuSTORM plans at FNAL 

 

Funded siting study and delivered Project Definition Report 



Physics Beyond Colliders study group 

23 

http://pbc.web.cern.ch 



Discussions on a possible implementation of nuSTORM at CERN,  
I. Efthymiopoulos, PBC meeting at CERN, July 2017 

A very promising option was identified! 



Conclusions 

• nuSTORM is an important as it can measure neutrino interaction 
precisely, which can reduce systematic errors of neutrino oscillation 
experiments seeking CP violation signal. 

• Solid designs exist and could be implemented straightaway (FODO 
or FFAG) 

• FFAG design allows to substantially increase the ring’s momentum 
acceptance (and so the neutrino flux), while maintaining a very 
large transverse acceptance 

• 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. 

• Study continues in the framework of Physics Beyond Colliders 
aiming for a full feasibility of implementation at CERN  

 



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. 


