
Non-scaling FFAG Gantry 
for the Carbon/Proton therapy

Dejan Trbojevic
BNL

• Introduction: Present design of the gantry in Heidelberg.

• Basic properties of the non-scaling FFAG an example.

• An example for possible improvements for future gantry designs.
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Basic Properties of the Heavy Ion 
Facility in Heidelberg: 
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Elements of the Gantry in Heidelberg:
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R= 7 
m

FFAG 06
Port Jefferson

Carbon 400 MeV/n
Bρ = 6.347 Tm
B=1.6 T ρ ~ 4   m
B=3.2 T ρ ~1.9 m 
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Heidelberg Gantry building:
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Weight of Elements of the Gantry in Heidelberg:
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Basic Properties of the Non-Scaling FFAG
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A . Particle orbits B. Lattice functions C. Acceleration

D. Lattice design and update

Fixed frequency, voltage
programed –harmonic jump

Ftop~1.3 GHz 

τinj= 0.38 ns
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Particles orbits
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Lattice functions

Very strong 
focusing:

β x,y~1-2 m
Dmax~8.8 cm

L= 22 cm



The magnetic field and Size of magnets
proton/carbon ring
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The magnetic field and Size of magnets
500 MeV carbon ring
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Circumference 28.5 m
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L-bend (cheaper) 1.3 GHz reduces the required voltage/4.6

(or for 1.3 GHz harmonic number 380)

(194)
(186)

(1.1 MeV)
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will be 100 MeV/n

after today’s remarks



Estimated beam pipe size and magnetic field at the major 
bend a combined function magnet with defocusing gradient

~35 mm

10 - 12 mm

Estimated beam size
1 - 2 mm FWHM

~-12 mm ~+16 mm

Maximum beam offsets

B(T)

4

18 May 2006

FFAG 06
Port Jefferson

Dejan Trbojevic

2

5

3
x

y

B

v
f



~60 mm

~1-2 mm

Estimated beam size
1 - 2 mm FWHM

~-23 mm

Estimated beam pipe size and the magnetic field values 
at the opposite bend focusing combined function magnet

~+32 mm

Maximum beam offsets

B(T)
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ID~90 mm

35 mm35 mm

60 mm The FFAG aperture
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