
Large Momentum Acceptance  
Carbon Ion Gantry 
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SAD – SOURCE-TO-AXIS-DISTANCE 
Scanning system: applied for patent by BNL 

The	
  maximum	
  dose	
  to	
  the	
  paDent	
  surface	
  relaDve	
  to	
  the	
  dose	
  in	
  the	
  SOBP	
  	
  
increases	
  as	
  the	
  effecDve	
  source-­‐to-­‐axis	
  distance	
  (SAD)	
  decreases.	
  For	
  a	
  fixed,	
  
horizontal	
  beam,	
  large	
  SAD's	
  are	
  easy	
  to	
  achieve;	
  but	
  not	
  for	
  gantry	
  beam	
  lines.	
  A	
  
smaller	
  gantry	
  with	
  a	
  physical	
  outer	
  diameter	
  of	
  less	
  than	
  2	
  meters	
  may	
  have	
  
important	
  cost	
  implicaDons.	
  Such	
  a	
  gantry	
  would	
  require	
  magneDc	
  opDcs	
  to	
  ensure	
  
that	
  the	
  effecDve	
  source-­‐to-­‐axis	
  distance	
  is	
  large	
  enough	
  to	
  provide	
  adequate	
  skin	
  
sparing.	
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The state of the art proton gantry at PSI 
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Proton only gantry – warm small iron magnets  
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Scanning – proton isocentric gantry 

9/25/13	
   Dr.	
  Dejan	
  Trbojevic	
  –FFAG	
  2013	
  -­‐September	
  23,	
  2013	
   6	
  

±10	
  cm	
  
MagnificaDon	
  5X	
  



Weight of the transport components – 135 tons  
Total weight = 630 tons  - 19 m long.  WEIGHT and SIZE 

State of the Art Gantry at Heidelberg 
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Carbon Ek=400 MeV/u à  Bρ = 6.35 Tm ( θ= Bl/Bρ ) 
Warm iron magnets:     B=1.6 T  then   ρ ~ 4.0 m 
Superconducting magnets   B=3.2 T  then   ρ ~ 2.0 m 
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Amplitude functions in the carbon gantry 
√βx,	
  √βy	
  (m1/2),	
  Dx	
  (m)	
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Tracking particles in the carbon gantry for the  
energy range of 190-400 MeV/u 

collaboration with Vasily Morozov-Jefferson Lab for the six gradients adjustment  
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All at once: Fixed field & fixed focusing 
Magnifica(on	
  30	
  TIMES	
  

400	
  MeV/u	
  

200	
  MeV/u	
  

2	
  mm	
  

9	
  mm	
  

9/25/13	
   12	
  Dr.	
  Dejan	
  Trbojevic	
  –FFAG	
  2013	
  -­‐September	
  23,	
  2013	
  



Reducing the size and weight of the carbon gantry 
(135 tonsà 2 tons) and simplifying operation  
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CARBON GANTRY h=4.091m  
without magnification 
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CARBON GANTRY h=4.091m  
without magnification 
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CARBON GANTRY height 4.091m  
5X magnification, scanning ±10 cm 



Concepts 
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Replacing the large magnet 
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Magnetic field required in the pipe 
and estimated maximum field in the coils 

BD	
  max	
  =	
  Bd	
  +	
  GD	
  x	
  	
  =	
  4.56	
  	
  	
  -­‐	
  90.8	
  *	


	
  
	
  
	
  
	
  
BF	
  max	
  =	
  Bf	
  +	
  GF	
  x	
  	
  	
  =-­‐0.385	
  +	
  152	
  *	
  

6	
  cm	
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Dipole,	
  quad	
  coils	
  

Beam	
  

r	
  

9.7	
  mm	
  

20.0	
  mm	
  

-­‐13.75	
  mm	
  

-­‐6.75	
  mm	
  

3.67	
  T	
  

5.63	
  T	
  

2.34	
  T	
  

-­‐3.4	
  T	
  

Beam	
  size	
  :	
  σT=√σ2	
  +	
  (D	
  dp/p)2	
  

€ 

σtwiss−max =
Nε nβtwiss
6π γ β

=
0.5⋅ 0.5
6⋅ 0.452

= 0.3mm

σδ = 0.04 *10−3 = 0.04mm If D = 7m→σδ = 7mm
εN = 0.5π − 3π mmmrad for εN = 3π µmradσtwiss−max = 0.74mm

6σ=2mm forεN = 3π µmrad 6σT = 4.5mm( )
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AML combined function magnet design 
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BNL- combined function magnet design 
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CRYO-COOLERS: reliable, maintenance 
free, easy to operate 
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SUMMARY:  
 
1.  NS-FFAG gantries provide transfer of carbon ions with  

 Δp/p=± 20 % (200-400 MeV – or -  100-200 MeV). 
1.  Weight is reduced for one or two orders of magnitude. 
2.  Size of NS-FFAG the carbon gantry is of PSI proton one. 
3.  Operation is simplified as the magnetic field is fixed. 
4.  Scanning system is with SAD=∞. 
5.  Beam size is adjustable with the triplet magnets. 
6.  Triplet magnets do not need to be superconducting. 

9/25/13	
   Dr.	
  Dejan	
  Trbojevic	
  –FFAG	
  2013	
  -­‐September	
  23,	
  2013	
   26	
  


