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Muon acceleration and FFA developments in the UK 
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• Neutrino factory design study
• Accelerator complex with a FFA as the final muon accelerator.

• Linear nonscaling FFA
• Electron Model of Many (or Muon) Applications: EMMA.
• It was commissioned in 2012 at Daresbury Laboratory.

• PAMELA for proton therapy.

• FFA design for ISIS-II.
• Prototype vertical excursion FFA.
• Feasibility study is on going. EMMA



Vertical excursion FFA (vFFA) 
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• Invented in 1955 by Tihiro Ohkawa.
• Re-invented in 2013 by Stephen Brooks.
• Orbit moves vertically when the beams are 

accelerated.
• Path length is constant for all the momenta. 

Momentum compaction factor is zero.
• It was called electron cyclotron

• Ultra-relativistic particles can be accelerated 
continuously with fixed field magnets.

• Ideal for muon acceleration.
• No ramping of magnetic fields.
• No RF frequency modulation.
• Large momentum ratio from injection to 

extraction, e.g. ~30.
• Wiggling orbits to spread out neutrino.
• Enough vertical aperture is needed.
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Muon accelerator ring



Design principle 
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• Circumference is about LHC.
• Top energy is 1.5 TeV.
• Momentum ratio from injection to top energy is about 30.
• Maximum field is no more than 10 T.
• Orbit excursion is less than 0.5 m.



1.5 TeV accelerator in LHC tunnel 
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Cell length 35 m 52.5 m
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# of cell 810 540
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Field index m 6.8 3.0
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c.f. Acceleration with RCS 
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Muon collider ring



Design principle 
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• Circumference should be as small as possible..
• Energy is 1.5 TeV.
• Momentum compaction factor is zero if required.
• Large momentum acceptance.
• Maximum field is no more than 14 T (use the same criterion of LEMMA accumulator ring).
• Follow vFFA idea but use only up to skew quadrupole.

y

x

B

By

B0
= exp (my) cos (mx) ⇡ 1 +my +

m2

2!

�
y2 � x2

�
+

m3

3!

�
y3 � 3x2y

�
<latexit sha1_base64="8XDzPdpAnGfNhrVFj3UqrDM0QQA="></latexit><latexit sha1_base64="8XDzPdpAnGfNhrVFj3UqrDM0QQA="></latexit><latexit sha1_base64="8XDzPdpAnGfNhrVFj3UqrDM0QQA="></latexit><latexit sha1_base64="8XDzPdpAnGfNhrVFj3UqrDM0QQA="></latexit>

Skew Quad Normal Sext Skew OctNormal Dipole

+ …

B = B0 exp (my)
<latexit sha1_base64="J3cbX5js85HxLIO66c8ltZDxUs0=">AAACBHicbVDJSgNBEO1xjXGLesylMQjxEmZE0IsQ4sVjBLNAZhh6OjVJk56F7hoxhBy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfWCVAqNtv1trayurW9s5rby2zu7e/uFg8OmTjLFocETmah2wDRIEUMDBUpopwpYFEhoBYPrid+6B6VFEt/hMAUvYr1YhIIzNJJfKNauar5NXXhIXQkhlmk0pK4SvT6e+oWSXbGnoMvEmZMSmaPuF77cbsKzCGLkkmndcewUvRFTKLiEcd7NNKSMD1gPOobGLALtjaZPjOmJUbo0TJSpGOlU/T0xYpHWwygwnRHDvl70JuJ/XifD8NIbiTjNEGI+WxRmkmJCJ4nQrlDAUQ4NYVwJcyvlfaYYR5Nb3oTgLL68TJpnFceuOLfnpWptHkeOFMkxKROHXJAquSF10iCcPJJn8krerCfrxXq3PmatK9Z85oj8gfX5A5rjlso=</latexit><latexit sha1_base64="J3cbX5js85HxLIO66c8ltZDxUs0=">AAACBHicbVDJSgNBEO1xjXGLesylMQjxEmZE0IsQ4sVjBLNAZhh6OjVJk56F7hoxhBy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfWCVAqNtv1trayurW9s5rby2zu7e/uFg8OmTjLFocETmah2wDRIEUMDBUpopwpYFEhoBYPrid+6B6VFEt/hMAUvYr1YhIIzNJJfKNauar5NXXhIXQkhlmk0pK4SvT6e+oWSXbGnoMvEmZMSmaPuF77cbsKzCGLkkmndcewUvRFTKLiEcd7NNKSMD1gPOobGLALtjaZPjOmJUbo0TJSpGOlU/T0xYpHWwygwnRHDvl70JuJ/XifD8NIbiTjNEGI+WxRmkmJCJ4nQrlDAUQ4NYVwJcyvlfaYYR5Nb3oTgLL68TJpnFceuOLfnpWptHkeOFMkxKROHXJAquSF10iCcPJJn8krerCfrxXq3PmatK9Z85oj8gfX5A5rjlso=</latexit><latexit sha1_base64="J3cbX5js85HxLIO66c8ltZDxUs0=">AAACBHicbVDJSgNBEO1xjXGLesylMQjxEmZE0IsQ4sVjBLNAZhh6OjVJk56F7hoxhBy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfWCVAqNtv1trayurW9s5rby2zu7e/uFg8OmTjLFocETmah2wDRIEUMDBUpopwpYFEhoBYPrid+6B6VFEt/hMAUvYr1YhIIzNJJfKNauar5NXXhIXQkhlmk0pK4SvT6e+oWSXbGnoMvEmZMSmaPuF77cbsKzCGLkkmndcewUvRFTKLiEcd7NNKSMD1gPOobGLALtjaZPjOmJUbo0TJSpGOlU/T0xYpHWwygwnRHDvl70JuJ/XifD8NIbiTjNEGI+WxRmkmJCJ4nQrlDAUQ4NYVwJcyvlfaYYR5Nb3oTgLL68TJpnFceuOLfnpWptHkeOFMkxKROHXJAquSF10iCcPJJn8krerCfrxXq3PmatK9Z85oj8gfX5A5rjlso=</latexit><latexit sha1_base64="J3cbX5js85HxLIO66c8ltZDxUs0=">AAACBHicbVDJSgNBEO1xjXGLesylMQjxEmZE0IsQ4sVjBLNAZhh6OjVJk56F7hoxhBy8+CtePCji1Y/w5t/YWQ6a+KDg8V4VVfWCVAqNtv1trayurW9s5rby2zu7e/uFg8OmTjLFocETmah2wDRIEUMDBUpopwpYFEhoBYPrid+6B6VFEt/hMAUvYr1YhIIzNJJfKNauar5NXXhIXQkhlmk0pK4SvT6e+oWSXbGnoMvEmZMSmaPuF77cbsKzCGLkkmndcewUvRFTKLiEcd7NNKSMD1gPOobGLALtjaZPjOmJUbo0TJSpGOlU/T0xYpHWwygwnRHDvl70JuJ/XifD8NIbiTjNEGI+WxRmkmJCJ4nQrlDAUQ4NYVwJcyvlfaYYR5Nb3oTgLL68TJpnFceuOLfnpWptHkeOFMkxKROHXJAquSF10iCcPJJn8krerCfrxXq3PmatK9Z85oj8gfX5A5rjlso=</latexit>



11

Normal quadrupole

• F (normal bend) and D (normal bend) make the orbit 
circle.

• Vertical field get stronger along radial direction
• Equilibrium orbit moves horizontally.

Normal CF

Skew quadrupole

• F (normal bend) and D (normal bend) make the orbit 
circle.

• Vertical field get stronger along vertical direction
• Equilibrium orbit moves vertically.

Top view

Side view

Top view

Skew CF (novel optics)

F FF F FFDD D D
Side view

Combined function (CF) lattice  

Bz



1.5 TeV collider ring 
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Without constraint of momentum compaction = 0.

Minimise circumference.



1.5 TeV collider ring 
minimise circumference, arc only
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Skew FODO

Energy 1.5 TeV
Momentum 
compaction 4.32 x 10-4

Circumference 2880 m

Cell length 16 m

Magnet length 2 x 6.4 m

# of cell 180

Maximum field 14 T

Field gradient 240 T/m

Cell tune 0.3119 / 0.3119
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1.5 TeV collider ring 
minimise circumference, arc only
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Normal FODO

Energy 1.5 TeV
Momentum 
compaction 4.32 x 10-4

Circumference 2880 m

Cell length 16 m

Magnet length 2 x 6.4 m

# of cell 180

Maximum field 14 T

Field gradient 240 T/m

Cell tune 0.3119 / 0.3119
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1.5 TeV collider ring 
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Impose constraint of momentum compaction = 0.

Allow increase of circumference.



1.5 TeV collider ring 
momentum comp=0, arc only
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Skew FODO

Energy 1.5 TeV
Momentum 
compaction 0

Circumference 6080 m

Cell length 16 m

Magnet length 2 x 6.4 m

# of cell 380

Maximum field 14 T

Field gradient 240 T/m

Cell tune 0.3131 / 0.3131
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1.5 TeV collider ring 
momentum comp=0, arc only
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Normal FODO

Energy 1.5 TeV
Momentum 
compaction 0

Circumference 6080 m

Cell length 16 m

Magnet length 2 x 6.4 m

# of cell 380

Maximum field 20 T

Field gradient 240 T/m

Cell tune 0.3131 / 0.3131

-8

-4

 0

 4

 8

 0  4  8  12  16

x
 
[
m
]

z [m]

n_380c_a0

-1

 0

 1

 0  4  8  12  16

x
 
[
m
]

z [m]

n_380c_a0

-0.1

-0.05

 0

 0.05

 0.1

 0  4  8  12  16

y
 
[
m
]

z [m]

n_380c_a0

-25
-20
-15
-10
-5
 0
 5

 10
 15
 20
 25

 0  4  8  12  16

B
 
[
T
]

z [m]

n_380c_a0

By: vertical

Bz: longitudinal

Bx: horizontal

15.99934

15.99935

15.99936

15.99937

-0.1 -0.05  0  0.05  0.1

p
a
t
h
 
l
e
n
g
t
h
 
[
m
]

dp/p

n_380c_a0

 0

 0.1

 0.2

 0.3

 0.4

 0.5

-0.1 -0.05  0  0.05  0.1

t
u
n
e

dp/p

n_380c_a0

hori
vert

Top view Side viewDetail

Fields

Path L vs dp

Chromaticity

Bd Bf

Bd Bf



1.5 TeV collider ring 
momentum compactor and maximum field strength
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Muon accumulator ring (LEMMA)



22.5 GeV accumulator ring for LEMMA 
arc only
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Skew FODO

Energy 22.5 GeV
Momentum 
compaction 0

Arc 128 m

Cell length 2 m

Magnet length 2 x 0.8 m

# of cell 64

Maximum field 10 T

Field gradient 238 T/m

Cell tune 0.3269 / 0.3261

Top view Side view

Fields

Path L vs dp

Chromaticity
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Low beta insertion 
skew quadrupole channel
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• No design yet.

• Conventional low beta straight of normal quadrupole with 45 degree rotation.
• or Skew combined function with wiggling orbit but zero net bending.

• Under the frame with 45 degree rotation, every element for the whole ring is normal quadrupole 
except weak focusing at bending which give ‘skew’ in that frame.

• Normal quadrupole magnets between arc and straight will work as correction of coupling.
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Proton driver



Proton driver 
Not for muon facility, but as a prototype for ISIS upgrade plan
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Energy 3 to 12 (17) MeV
Number of cell 10

Cell length 2.5 m
Length of Bd 0.24 m
Length of Bf 0.40 m

Space between Bd and Bf 0.08 m
Relative displacement btw Bd and Bf +/- 0.0 m

Length of straight section 1.30 m
Fringe length L (Tanh x/L) 0.200 m

-Bd/Bf 0.2
Field index m 1.28 m^-1

Cell tune (0.217844, 0.134228)
Order of expansion 10

4 m



Summary 

24

• vFFA and novel skew optics have great potential for muon collider accelerator complex.

• vFFA for muon accelerator
• All advantage listed.
• Negative bend increases the circumference.
• Current design needs 8.7 T magnet to fit the ring in LHC tunnel to accelerate to 1.5 TeV

• Novel skew optics for muon collider and muon accumulator
• Clear advantage on the required magnet strength compared with normal combined function magnet.
• Need low beta insertion design.
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Thank you for your attention
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Backup slides
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All 3D magnetic fields have to satisfy the same dependence on the 
vertical coordinate.

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

Bz (z, x, y) = B0 exp (mz)
1X

i=0

bzi (x) y
i

<latexit sha1_base64="brK/KsZxKr09X5K+JeUHBVLyL2w="></latexit><latexit sha1_base64="brK/KsZxKr09X5K+JeUHBVLyL2w="></latexit><latexit sha1_base64="brK/KsZxKr09X5K+JeUHBVLyL2w="></latexit><latexit sha1_base64="brK/KsZxKr09X5K+JeUHBVLyL2w="></latexit>

Bx (z, x, y) = B0 exp (mz)
1X

i=0

bxi (x) y
i

<latexit sha1_base64="fvK4ZkejV/l3+mgjm1TkCdNFC+8="></latexit><latexit sha1_base64="fvK4ZkejV/l3+mgjm1TkCdNFC+8="></latexit><latexit sha1_base64="fvK4ZkejV/l3+mgjm1TkCdNFC+8="></latexit><latexit sha1_base64="fvK4ZkejV/l3+mgjm1TkCdNFC+8="></latexit>

By (z, x, y) = B0 exp (mz)
1X

i=0

byi (x) y
i

<latexit sha1_base64="wGkTm8AzpiAyHpJaR0M3i7TAcO4="></latexit><latexit sha1_base64="wGkTm8AzpiAyHpJaR0M3i7TAcO4="></latexit><latexit sha1_base64="wGkTm8AzpiAyHpJaR0M3i7TAcO4="></latexit><latexit sha1_base64="wGkTm8AzpiAyHpJaR0M3i7TAcO4="></latexit>

bz0 (x) = g (x)
<latexit sha1_base64="v28xb/uMOgXtfoMUEm9+FCf69MY=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkIiiCUHDjsoK9QBvCZDpJh04uzJyINfQR3Pgqblwo4talO9/GaRtEW38Y+PnOOZw5v5cIrsCyvozCwuLS8kpxtbS2vrG5ZW7vNFWcSsoaNBaxbHtEMcEj1gAOgrUTyUjoCdbyBpfjeuuWScXj6AaGCXNCEkTc55SARq556LnZvTXqCuZD5Q53JQ/6cHQRTAH+Ia5ZtqrWRHje2Lkpo1x11/zs9mKahiwCKohSHdtKwMmIBE4FG5W6qWIJoQMSsI62EQmZcrLJQSN8oEkP+7HULwI8ob8nMhIqNQw93RkS6KvZ2hj+V+uk4J85GY+SFFhEp4v8VGCI8Tgd3OOSURBDbQiVXP8V0z6RhILOsKRDsGdPnjfN46ptVe3rk3LtPI+jiPbQPqogG52iGrpCddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2R8fANrVJwk</latexit><latexit sha1_base64="v28xb/uMOgXtfoMUEm9+FCf69MY=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkIiiCUHDjsoK9QBvCZDpJh04uzJyINfQR3Pgqblwo4talO9/GaRtEW38Y+PnOOZw5v5cIrsCyvozCwuLS8kpxtbS2vrG5ZW7vNFWcSsoaNBaxbHtEMcEj1gAOgrUTyUjoCdbyBpfjeuuWScXj6AaGCXNCEkTc55SARq556LnZvTXqCuZD5Q53JQ/6cHQRTAH+Ia5ZtqrWRHje2Lkpo1x11/zs9mKahiwCKohSHdtKwMmIBE4FG5W6qWIJoQMSsI62EQmZcrLJQSN8oEkP+7HULwI8ob8nMhIqNQw93RkS6KvZ2hj+V+uk4J85GY+SFFhEp4v8VGCI8Tgd3OOSURBDbQiVXP8V0z6RhILOsKRDsGdPnjfN46ptVe3rk3LtPI+jiPbQPqogG52iGrpCddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2R8fANrVJwk</latexit><latexit sha1_base64="v28xb/uMOgXtfoMUEm9+FCf69MY=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkIiiCUHDjsoK9QBvCZDpJh04uzJyINfQR3Pgqblwo4talO9/GaRtEW38Y+PnOOZw5v5cIrsCyvozCwuLS8kpxtbS2vrG5ZW7vNFWcSsoaNBaxbHtEMcEj1gAOgrUTyUjoCdbyBpfjeuuWScXj6AaGCXNCEkTc55SARq556LnZvTXqCuZD5Q53JQ/6cHQRTAH+Ia5ZtqrWRHje2Lkpo1x11/zs9mKahiwCKohSHdtKwMmIBE4FG5W6qWIJoQMSsI62EQmZcrLJQSN8oEkP+7HULwI8ob8nMhIqNQw93RkS6KvZ2hj+V+uk4J85GY+SFFhEp4v8VGCI8Tgd3OOSURBDbQiVXP8V0z6RhILOsKRDsGdPnjfN46ptVe3rk3LtPI+jiPbQPqogG52iGrpCddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2R8fANrVJwk</latexit><latexit sha1_base64="v28xb/uMOgXtfoMUEm9+FCf69MY=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR66YkIiiCUHDjsoK9QBvCZDpJh04uzJyINfQR3Pgqblwo4talO9/GaRtEW38Y+PnOOZw5v5cIrsCyvozCwuLS8kpxtbS2vrG5ZW7vNFWcSsoaNBaxbHtEMcEj1gAOgrUTyUjoCdbyBpfjeuuWScXj6AaGCXNCEkTc55SARq556LnZvTXqCuZD5Q53JQ/6cHQRTAH+Ia5ZtqrWRHje2Lkpo1x11/zs9mKahiwCKohSHdtKwMmIBE4FG5W6qWIJoQMSsI62EQmZcrLJQSN8oEkP+7HULwI8ob8nMhIqNQw93RkS6KvZ2hj+V+uk4J85GY+SFFhEp4v8VGCI8Tgd3OOSURBDbQiVXP8V0z6RhILOsKRDsGdPnjfN46ptVe3rk3LtPI+jiPbQPqogG52iGrpCddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2R8fANrVJwk</latexit>

bx0 (x) =
1

m

@g

@x
<latexit sha1_base64="TvdWKHKM6bFzDqtQj3WRrg4F+fE=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRFAEpeDGZQV7gc4wZNJMG5q5kJyRlmHexo2v4kZQEV36JqbtgNr6Q+DjP+ckOb8XC67AND+NwtLyyupacb20sbm1vVPe3WupKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Q2vJ/X2PZOKR+EdjGPmBKQfcp9TAtpyy1eem47MzBbMh+oI25L3B3B8afuS0NTK0iCboR0TCZwI3M9+eJS55YpZM6fCi2DlUEG5Gm75xe5FNAlYCFQQpbqWGYOTTi6kgmUlO1EsJnRI+qyrMSQBU0463TPDR9rpYT+S+oSAp+7viZQESo0DT3cGBAZqvjYx/6t1E/DPnZSHcQIspLOH/ERgiPAkNNzjklEQYw2ESq7/iumA6FxAR1vSIVjzKy9C66RmmTXr9rRSv8jjKKIDdIiqyEJnqI5uUAM1EUUP6Am9ojfj0Xg23o2PWWvByGf20R8ZX9/3Hac2</latexit><latexit sha1_base64="TvdWKHKM6bFzDqtQj3WRrg4F+fE=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRFAEpeDGZQV7gc4wZNJMG5q5kJyRlmHexo2v4kZQEV36JqbtgNr6Q+DjP+ckOb8XC67AND+NwtLyyupacb20sbm1vVPe3WupKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Q2vJ/X2PZOKR+EdjGPmBKQfcp9TAtpyy1eem47MzBbMh+oI25L3B3B8afuS0NTK0iCboR0TCZwI3M9+eJS55YpZM6fCi2DlUEG5Gm75xe5FNAlYCFQQpbqWGYOTTi6kgmUlO1EsJnRI+qyrMSQBU0463TPDR9rpYT+S+oSAp+7viZQESo0DT3cGBAZqvjYx/6t1E/DPnZSHcQIspLOH/ERgiPAkNNzjklEQYw2ESq7/iumA6FxAR1vSIVjzKy9C66RmmTXr9rRSv8jjKKIDdIiqyEJnqI5uUAM1EUUP6Am9ojfj0Xg23o2PWWvByGf20R8ZX9/3Hac2</latexit><latexit sha1_base64="TvdWKHKM6bFzDqtQj3WRrg4F+fE=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRFAEpeDGZQV7gc4wZNJMG5q5kJyRlmHexo2v4kZQEV36JqbtgNr6Q+DjP+ckOb8XC67AND+NwtLyyupacb20sbm1vVPe3WupKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Q2vJ/X2PZOKR+EdjGPmBKQfcp9TAtpyy1eem47MzBbMh+oI25L3B3B8afuS0NTK0iCboR0TCZwI3M9+eJS55YpZM6fCi2DlUEG5Gm75xe5FNAlYCFQQpbqWGYOTTi6kgmUlO1EsJnRI+qyrMSQBU0463TPDR9rpYT+S+oSAp+7viZQESo0DT3cGBAZqvjYx/6t1E/DPnZSHcQIspLOH/ERgiPAkNNzjklEQYw2ESq7/iumA6FxAR1vSIVjzKy9C66RmmTXr9rRSv8jjKKIDdIiqyEJnqI5uUAM1EUUP6Am9ojfj0Xg23o2PWWvByGf20R8ZX9/3Hac2</latexit><latexit sha1_base64="TvdWKHKM6bFzDqtQj3WRrg4F+fE=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRFAEpeDGZQV7gc4wZNJMG5q5kJyRlmHexo2v4kZQEV36JqbtgNr6Q+DjP+ckOb8XC67AND+NwtLyyupacb20sbm1vVPe3WupKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Q2vJ/X2PZOKR+EdjGPmBKQfcp9TAtpyy1eem47MzBbMh+oI25L3B3B8afuS0NTK0iCboR0TCZwI3M9+eJS55YpZM6fCi2DlUEG5Gm75xe5FNAlYCFQQpbqWGYOTTi6kgmUlO1EsJnRI+qyrMSQBU0463TPDR9rpYT+S+oSAp+7viZQESo0DT3cGBAZqvjYx/6t1E/DPnZSHcQIspLOH/ERgiPAkNNzjklEQYw2ESq7/iumA6FxAR1vSIVjzKy9C66RmmTXr9rRSv8jjKKIDdIiqyEJnqI5uUAM1EUUP6Am9ojfj0Xg23o2PWWvByGf20R8ZX9/3Hac2</latexit>

by0 (x) = 0
<latexit sha1_base64="4tWfJEOn9lWyOxNFwB51GsfpM24=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMmIiiCUHDjsoJ9QBPCZDpph04ezNyIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ4IrwPjbKC0tr6yuldcrG5tb2zvm7l5bxamkrEVjEcuuTxQTPGIt4CBYN5GMhL5gHX90PfE790wqHkd3kCXMDckg4gGnBLTkmQe+l2d47AgWQO3BkXwwhJMr7JlVXMdTWIvELkgVFWh65pfTj2kasgioIEr1bJyAmxMJnAo2rjipYgmhIzJgPU0jEjLl5tP7x9axVvpWEEtdEVhT9fdETkKlstDXnSGBoZr3JuJ/Xi+F4MLNeZSkwCI6WxSkwoLYmoRh9blkFESmCaGS61stOiSSUNCRVXQI9vzLi6R9Wrdx3b49qzYuizjK6BAdoRqy0TlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30B8bnD0+/lZg=</latexit><latexit sha1_base64="4tWfJEOn9lWyOxNFwB51GsfpM24=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMmIiiCUHDjsoJ9QBPCZDpph04ezNyIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ4IrwPjbKC0tr6yuldcrG5tb2zvm7l5bxamkrEVjEcuuTxQTPGIt4CBYN5GMhL5gHX90PfE790wqHkd3kCXMDckg4gGnBLTkmQe+l2d47AgWQO3BkXwwhJMr7JlVXMdTWIvELkgVFWh65pfTj2kasgioIEr1bJyAmxMJnAo2rjipYgmhIzJgPU0jEjLl5tP7x9axVvpWEEtdEVhT9fdETkKlstDXnSGBoZr3JuJ/Xi+F4MLNeZSkwCI6WxSkwoLYmoRh9blkFESmCaGS61stOiSSUNCRVXQI9vzLi6R9Wrdx3b49qzYuizjK6BAdoRqy0TlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30B8bnD0+/lZg=</latexit><latexit sha1_base64="4tWfJEOn9lWyOxNFwB51GsfpM24=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMmIiiCUHDjsoJ9QBPCZDpph04ezNyIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ4IrwPjbKC0tr6yuldcrG5tb2zvm7l5bxamkrEVjEcuuTxQTPGIt4CBYN5GMhL5gHX90PfE790wqHkd3kCXMDckg4gGnBLTkmQe+l2d47AgWQO3BkXwwhJMr7JlVXMdTWIvELkgVFWh65pfTj2kasgioIEr1bJyAmxMJnAo2rjipYgmhIzJgPU0jEjLl5tP7x9axVvpWEEtdEVhT9fdETkKlstDXnSGBoZr3JuJ/Xi+F4MLNeZSkwCI6WxSkwoLYmoRh9blkFESmCaGS61stOiSSUNCRVXQI9vzLi6R9Wrdx3b49qzYuizjK6BAdoRqy0TlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30B8bnD0+/lZg=</latexit><latexit sha1_base64="4tWfJEOn9lWyOxNFwB51GsfpM24=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMmIiiCUHDjsoJ9QBPCZDpph04ezNyIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ4IrwPjbKC0tr6yuldcrG5tb2zvm7l5bxamkrEVjEcuuTxQTPGIt4CBYN5GMhL5gHX90PfE790wqHkd3kCXMDckg4gGnBLTkmQe+l2d47AgWQO3BkXwwhJMr7JlVXMdTWIvELkgVFWh65pfTj2kasgioIEr1bJyAmxMJnAo2rjipYgmhIzJgPU0jEjLl5tP7x9axVvpWEEtdEVhT9fdETkKlstDXnSGBoZr3JuJ/Xi+F4MLNeZSkwCI6WxSkwoLYmoRh9blkFESmCaGS61stOiSSUNCRVXQI9vzLi6R9Wrdx3b49qzYuizjK6BAdoRqy0TlqoBvURC1E0SN6Rq/ozXgyXox342PWWjKKmX30B8bnD0+/lZg=</latexit>

where

Non zero longitudinal field on mid-plane is something 
we did not have in a conventional accelerator.
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vFFA 
3D magnetic fields

Skew quadrupole (body) + Solenoidal field (ends)


