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 1st stage 
 18 – ~250-330 MeV p or H-  

 Fixed DC beam 
 Stripping controls extraction energy and  
    intensity in addition to source modulation 
 Optimize extraction orbit for protons for auto-

extraction it high-intensity septum 
 

 2nd stage 0.25 – 1 GeV 
  (~5-8 m x 9-14 m long) 

 1 GeV protons 
 CW injection – high enough acceleration 

voltage 
 Adjustable, fast orbit bump 

magnets/extraction septum in long straight 
 DC extracted beam 
 Variable energy on scale of tens of microseconds 
 Investigating extracted energy range 

 
 
 

1st stage: Cyclotron or FFAG 

2nd stage: 0.25 – 1 GeV protons 

Variable energy selection: 
Injection/extraction straight 



Kinetic 
Energy 
(MeV) 

Acc 
Gradient 
per turn 

  
(MV) 

2.5 x 4.5 m 
R=1.2m arc 

2 m straights  
RS  
(m) 

2.5 x 4.5 m 
R=1.2m arc 

2 m straights  
∆Rs 

 (cm) 

5 x 9 m 
R=2.4m arc 

4 m straights  
∆Rs 

 (cm) 

7.5 x 11.5 m 
R=3.7m arc 

4 m straights  
∆Rs 

 (cm) 

7.5 x 13.5 m 
R=3.7m arc 

6 m straights  
∆Rs 

 (cm) 

800 
  

  1.1955   

785 
  

15 1.1879 0.76 1.52 2.28 2.28 

775 
  

25 1.1816 1.39 5.06 4.17 4.17 

765 
  

35 1.1751 2.04 4.08 6.12 6.12 

Reference radius in center of straight for the energy orbits preceding extraction. 
beam size ≅ 1.14 cm; ε=10π mm-mr normalized). Rs is the distance from the 
racetrack center to the center of the straight.   

For the smallest version, 20 MV/turn is required and a 2m straight section; i.e. 10 
MV/m – implies a SCRF cryomodule – in order  to achieve extraction with 
manageable shielding, radiation levels, and activation.  For the largest machine this 
reduces to ~1MV/m equivalent to the PSI cavities. 



Rotational 
time 
(nsec) 

Circum 
 

(m) 

1st  Harmonic 
 

(MHz) 

2.5 x 4.5 m 
2m straights 

  

46  11.5 21.7  

5 x 9 m 
4m straights 

  

89 23.1 11.2 

7.5 x 11.5 m 
4m straights 

  

124 31.2 8.1 

7.5 x 13.5 m 
6m straights 

  

139 35.2 7.2 

Circulation times and the fundamental harmonic for the 
4 machines being considered @800 MeV 



 Extraction requires ~1-2 MV/turn 
 PSI experience critical for high intensity 

operation 
 With high gradient acceleration, injection can 

be CW from an injector stage 
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