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Electron Demonstration Ring: Assumptions and Goals 

Energy: acceleration from 10 MeV to 20 MeV.
Dimensions: Small ring: circumference ~12-15 meters. 
Scaling factor from Muon ~300 meter ring to 15 m is about 20:

C~ 12-15 m, magnetic field 4T/20 = 0.02 T, dipole length 1m/20 = 5 cm, …
Momentum Acceptance dp/p~+-50%
Horizontal and vertical betatron tunes  in the cell to be within 0.1 
< νx,y < 0.4.
Path Length dependence on momentum is expected to be 
parabolic and the central energy needs to be close to the 
transition gamma γt.
The RF cavity required drift space should be of the order of 10 
cm.
Optimize the magnets sizes and drift lengths.



What is the SCALING FFAG ?

∆R~60-100 cm

Ν=2π/(Ν1+Ν2)
ρ = r1 sin(θ/2)/sin(β/2)=r θ/β

MURA-KRS-6
November 12, 1954
K. R. Symon: The FFAG SYNCHROTRON – MARK I



The minimum The minimum emittance emittance lattice:lattice:

•• The minimum The minimum emittanceemittance lattice requires reduction of the function  H:lattice requires reduction of the function  H:

–– The normalized dispersion amplitude corresponds to the  <H>The normalized dispersion amplitude corresponds to the  <H>1/2  1/2  

–– Conditions are for the minimum of the Conditions are for the minimum of the betatron betatron function function ββxx and dispersion and dispersion 
function function DDxx to have small values at the middle of the dipole (combined to have small values at the middle of the dipole (combined 
function dipole makes it even smaller).function dipole makes it even smaller).

βmin= Ld/2√15

Dxmin=θ∗ Ld/24





Scaling or non- scaling FFAG, Minimum emittance lattice or FODO?

Scaling FFAG properties:
Zero chromaticity.
Orbits parallel for different energies.
Large momentum acceptance.
Relatively large circumference.
Relatively large physical aperture.
RF:large aperture-follows the energy.
Tunes are fixed for all energies.
Negative momentum compaction.
Orbits of the high energy particles are 
at high field, low energy particles at 
low field.

Minimum emittance FFAG properties:
Chromaticity is changing.
Orbits not parallel.
Large momentum acceptance.
Relatively small circumference.
Relatively small physical aperture.
RF:small aperture-at the crest.
Tunes move 0.4->0.1 in basic cell.
Momentum compaction changes.
Orbits of the high energy particles 
are at high field, low energy 
particles at low field.

FODO or minimum emittance lattice? 
For the same magnet properties larger circumference and larger Xco.
For the same dispersion [ ∆x=Dx∗ dp/p ] and the same magnet smaller field and 
larger circumference. 
The FODO has larger available free space.
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BNL workshop produced 13m circumference
Electron Demonstration non-scaling FFAG

-15 mm

23 mm











Circumference 12 m
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Circumference 12.5 m

−15.2

−25.0



Electron Demonstration Ring non-scaling FFAG





Betatron Function During Acceleration





Tracking at the central energy
With COSY
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.060m
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~2.5 ns

200 MHz RF

5  cm  = 0.166   ns
10 cm = 0.3335 ns
15 cm = 0.5003 ns
20 cm = 0.667   ns
30 cm = 1.00     ns
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Proton Acceleration 0.2 – 1.2 GeV

20  cm

9.5  cm

30





Conclusions:

• Electron Demonstration ring is becoming a reality.
• There are many different studies going at the same time 

and all reports are very encouraging [ J.S. Berg, M.
Blaskiewicz, E.D. Courant, M. Craddock, A. Garren, C. 
Johnstone, E. Keil, S. Koscielniak, A. G. Ruggiero, and A. 
Sessler, ….].

• More detail studies of six dimensional simulations during 
acceleration are the next step and there are available tools.

• We have shown that the non-scaling triplet FFAG’s can 
accelerate muons, protons, heavy ions, electrons.
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