
J.B. Lagrange
ISIS, RAL, STFC

VFFA magnet for 
muon acceleration



JB Lagrange

Why VFFA for muon 
acceleration? 

Muon unstable particle, need for fast acceleration.

FFA free from magnet ramping: acceleration only depends on RF.

VFFA has a path length independent of momentum (quasi-isochronism 
at high energy), constant RF frequency acceleration.

!2

VFFA good candidate for muon acceleration
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VFFA lattice for muon acceleration

Design constraints:

LHC circumference,

Final energy 1.5 TeV,

Momentum multiplicator is 30,

Maximum magnetic field is 10 T,

Orbit excursion less than 0.5 m.

!3

FODO design

Energy 50 GeV to 1.5 TeV

Cell length 35 m

Number of cells 810

Packing factor 86%

Maximum field 8.7 T

Normalised gradient 
m* 6.8 m-1

Orbit excursion 0.50 m

Cell tune 0.3957/0.0861

1.5 TeV accelerator in LHC tunnel 
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FODO FDF

Energy 50 GeV to 1.5 
TeV

50 GeV to 1.5 
TeV

Cell length 35 m 52.5 m

Magnet length 2 x 15 m 3 x 15 m

# of cell 810 540

Maximum 
field 8.7 T 10.6 T

Field index m* 6.8 3.0

Orbit 
excursion 0.50 m 1.13 m

Cell tune 0.3957 / 
0.0861

0.3510 / 
0.1515

FODO FDF

Top view Top view

Fields Fields

Detail Detail
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*

1.5 TeV accelerator in LHC tunnel 
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*                   (y: vertical direction)
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Magnetic field in VFFA
Exponentially increasing magnetic field to satisfy zero-chromatic conditions.

Non-zero longitudinal field on median plane.

Importance of fringe field modelling, (more in small machines).

Expansion of the field in the magnet shows alternance of normal and skew 
components.

!4Strongly coupled optics

Cartesian coordinates x (hor.),y (vert.),z (long.)

5

All 3D magnetic fields have to satisfy the same dependence on the 
vertical coordinate.

Off mid-plane field is expanded
as polynomial with x.

where

Non zero longitudinal field on mid-plane is something 
we did not have in a conventional accelerator.
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Bx (x, y, z) = B0 exp (my)
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i
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by0 (z) = g (z)
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Magnet prototype at ISIS

VFFA also considered for ISIS-II.

Proof-of-principle ring (3-12 MeV proton) to be built by 2027.

Prototype magnet under development:

First prototype normal conducting with SC winding method.

1 m-long magnet.

Normalised gradient m=1.3 m-1.

Vertical beam excursion 0.6 m.

!5

- In advance of a SC VFFA ring on the end of FETS, a prototype magnet is to be 
designed and manufactured.

- Budget for this financial year is available for this project.
- This magnet will be normal conducting but will respect the design requirements 

and considerations needed for winding with a SC wire i.e. we want to learn as 
much as we can about any design limitations that winding a coil like this will 
bring

- The final SC conducting magnet will likely form part of a triplet (bf, bd, bf) The 
layout of this triplet is TBC

- The prototype coil geometry is a pair of large flat coils either side of a vacuum 
vessel with the option to add a further pair of coils to the outside.

- The prototype coil geometry is now largely fixed so we are in a position to start 
looking in more detail at the manufacture of the coil itself

FFA Project Overview 
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Coil winding geometry
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- For the final SC magnets we are proposing using a 2.5 x 1.25mm section 
wire with a Cu/SC=4.5:1 

- For this prototype coil we want to replicate the SC wire dimensions as 
closely as possible so are proposing using a 2.65 x 1.39mm section 
copper wire. 

- There are 50 contours in the coil shown.
- Each contour is wound with a 4 x 4 block as shown below
- Total contour length/coil ~150m 
- Total wire length/coil ~ 2400m

Wire geometry
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R&D for VFFA magnet
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1st NC prototype 12 MeV proton 1.2 GeV proton 1.5 TeV muon

Aperture
H [mm] x D [mm]

600 x 220 700 x 300 700 x 300 700 x 200

Length [m] 1 0.5 ~ 1 2 ~ 3 10 ~ 20

Max Field [T] 0.01 3 6 9

Normalised 
gradient m* [m-1]

1.3 1.3 ± 25 % 1.3 ± 25 % 6.8

Momentum ratio 2 2 2 30

*                   (y: vertical direction)
<latexit sha1_base64="Omc0cdDgoRqGJl7kalnjndYd+WQ=">AAACA3icdZDLSsNAFIYnXmu9Rd3pZrAIrkKixdqFUOrGZQV7gTaUyWTSDp1cmJkIIQTc+CpuXCji1pdw59s4TSKo6A8DH/85hzPndyJGhTTND21hcWl5ZbWyVl3f2Nza1nd2eyKMOSZdHLKQDxwkCKMB6UoqGRlEnCDfYaTvzC7n9f4t4YKGwY1MImL7aBJQj2IklTXW9/2LkccRTq0sbWcFuu0sdZNsrNdMo5kLFtCol9C0oGWYuWqgVGesv4/cEMc+CSRmSIihZUbSThGXFDOSVUexIBHCMzQhQ4UB8omw0/yGDB4px4VeyNULJMzd7xMp8oVIfEd1+khOxe/a3PyrNoyld26nNIhiSQJcLPJiBmUI54FAl3KCJUsUIMyp+ivEU6RykCq2qgrh61L4P/RODOvMOL2u11r1Mo4KOACH4BhYoAFa4Ap0QBdgcAcewBN41u61R+1Fey1aF7RyZg/8kPb2CWpkmKw=</latexit>
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Summary

VFFA good candidate for muon acceleration.

Preliminary design for lattice from 50 GeV to 1.5 TeV.

Magnet prototype at ISIS under development, strong synergy with 
muon collider.
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Thank you for your 
attention
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