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• ISIS-II: Upgrade of ISIS
• Demands of short pulse neutron
• Main parameters
• Accelerator choice

• FFA and vertical excursion FFA
• How it works
• FFA vs vFFA

• Feasibility study
• Choice of parameters for ISIS-II and FETS-FFA
• Operational knobs, dynamic aperture
• FETS and FETS ring
• Time table
• Hardware R&D

• vFFA lattice for muon acceleration
• Summary

Outline 
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ISIS-II: upgrade of ISIS
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LANSCE (LANL)

ISIS (RAL)

SNS (ORNL)

ESS (Lund)
JPARC (Tokai)

CSNS (DongG)

Number of neutron sources is declining in Europe.
Start of European Spallation Source (ESS) in Lund is not enough to keep the 
whole neutron science community.

ISIS-II 
landscape 



ISIS-II 
aim
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ISIS will/should continue producing useful neutrons.
Beam power does not have to be greater than the present standard, ~1 MW.

Robert McGreevy (Director of ISIS) summarised
Capacity: number of experiment and size of 
community
Capability: particular experiment

RutherfordAppletonLaboratory
Availability, flexibility, sustainability, low cost to operate.

Fit in the present ISIS tunnel or build a stand alone facility.
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output energy 1.2 GeV

injection energy < 0.5 GeV

beam power 1.25 MW

mean radius at injection ~25 m

repetition ~100 Hz

Note: Specifications here is for an option of using ISIS infrastructure. 
“Stand Alone Facility” option is not much difference in terms of 
specifications.

ISIS-II 
minimum requirements 
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AR

FFA

RCS

If ISIS-II starts construction tomorrow, it should be 
RCS or AR.
Fortunately we have time to develop alternative 
option.

Well established
vs

Something novel

RCS: Rapid Cycling Synchrotron
AR:    Accumulator Ring
FFA:  Fixed Field Alternating Gradient 
Accelerator

Could have high repetition rate (100 Hz) from the 
start or at later stage.
Good match with multiple target stations with 
flexible operation patterns.
Simple DC power supply with stable and reliable 
operation.
Use of superconducting (permanent) magnets for 
operational cost saving.

ISIS-II 
accelerator options 



ISIS-II 
pulse structure for users 
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accelerator: 90 Hz
kicker-2: 10 Hz

kicker-1: 45 Hz

TS-2: 10 Hz

TS-1: 40 Hz

~300 ns11.1 ms

kicker-3: 45 Hz
TS-3: 40 Hz

accelerator: 
90 Hz

kicker-*: 
90/S Hz

TS-*: 90/
S Hz

~300 ns11.1 ms

beam 
stacking 
inside 
accelerator

• TS-2: 10 Hz, (10/90):   0.138 MW
• TS-1: 40 Hz, (40/90):   0.556 MW
• TS-3: 40 Hz, (40/90):   0.556 MW • TS-*: 90/S Hz

where S is the number of stacking.

Pattern example 1 Pattern example 2

Total:   1.25 MW

Assume 2 bunch per cycle Assume 2 bunch per cycle
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FFA and vertical excursion FFA
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x and y

hFFA
vFFA

Bird’s-eye view

FFA 
how it works? 

• Equilibrium orbit should exist for the range of 
momenta.

• Focusing action should exist to make the beam stay 
around the equilibrium orbit.

• FFA has alternating gradient focusing. This could be 
normal or skew.

• Equilibrium orbit is determined by the centrifugal force 
and the Lorentz force by vertical magnetic field.
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Normal quadrupole
• Stronger F (normal bend) than D (reverse bend) 

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

Non-scaling FFA

Skew quadrupole
• Stronger F (normal bend) than D (reverse bend) 

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

Top view

Side view

Top view

Non-scaling vFFA

F FF F FFDD D D
Side view

FFA with lowest order focusing (quadrupole) 



FFA and vFFA 
to make it work for all the momentum range
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For a fixed momentum p, linearised eq. of motion,

x
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z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

mid-planeoff on offwhere
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✓
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@p

◆

x

= 0
<latexit sha1_base64="pcNxgeHg1EjHyfKtdYRgH8rb2fY=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzKjgt0IBTcuK9hW6JQhk2Y6oZnMkNwRy9APceOvuHGhiBsXgn9j+gC19UDg5Jx7b3JPkAquwXG+rMLS8srqWnG9tLG5tb1j7+61dJIpypo0EYm6DYhmgkvWBA6C3aaKkTgQrB0MLsd++44pzRN5A8OUdWPSlzzklICRfPvUEyyECvZCRWjupUQBJwJ7KkpGP9d0ZBTej+DYv79wfLvsVJ0J8CJxZ6SMZmj49ofXS2gWMwlUEK07rpNCNx8Pp4KNSl6mWUrogPRZx1BJYqa7+WS5ET4ySg+HiTJHAp6ovztyEms9jANTGROI9Lw3Fv/zOhmEtW7OZZoBk3T6UJgJDAkeJ4V7XDEKYmgIoYqbv2IaERMTmDxLJgR3fuVF0jqpuk7VvT4r12uzOIroAB2iCnLROaqjK9RATUTRA3pCL+jVerSerTfrfVpasGY9++gPrM9v0uehxA==</latexit><latexit sha1_base64="pcNxgeHg1EjHyfKtdYRgH8rb2fY=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzKjgt0IBTcuK9hW6JQhk2Y6oZnMkNwRy9APceOvuHGhiBsXgn9j+gC19UDg5Jx7b3JPkAquwXG+rMLS8srqWnG9tLG5tb1j7+61dJIpypo0EYm6DYhmgkvWBA6C3aaKkTgQrB0MLsd++44pzRN5A8OUdWPSlzzklICRfPvUEyyECvZCRWjupUQBJwJ7KkpGP9d0ZBTej+DYv79wfLvsVJ0J8CJxZ6SMZmj49ofXS2gWMwlUEK07rpNCNx8Pp4KNSl6mWUrogPRZx1BJYqa7+WS5ET4ySg+HiTJHAp6ovztyEms9jANTGROI9Lw3Fv/zOhmEtW7OZZoBk3T6UJgJDAkeJ4V7XDEKYmgIoYqbv2IaERMTmDxLJgR3fuVF0jqpuk7VvT4r12uzOIroAB2iCnLROaqjK9RATUTRA3pCL+jVerSerTfrfVpasGY9++gPrM9v0uehxA==</latexit><latexit sha1_base64="pcNxgeHg1EjHyfKtdYRgH8rb2fY=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzKjgt0IBTcuK9hW6JQhk2Y6oZnMkNwRy9APceOvuHGhiBsXgn9j+gC19UDg5Jx7b3JPkAquwXG+rMLS8srqWnG9tLG5tb1j7+61dJIpypo0EYm6DYhmgkvWBA6C3aaKkTgQrB0MLsd++44pzRN5A8OUdWPSlzzklICRfPvUEyyECvZCRWjupUQBJwJ7KkpGP9d0ZBTej+DYv79wfLvsVJ0J8CJxZ6SMZmj49ofXS2gWMwlUEK07rpNCNx8Pp4KNSl6mWUrogPRZx1BJYqa7+WS5ET4ySg+HiTJHAp6ovztyEms9jANTGROI9Lw3Fv/zOhmEtW7OZZoBk3T6UJgJDAkeJ4V7XDEKYmgIoYqbv2IaERMTmDxLJgR3fuVF0jqpuk7VvT4r12uzOIroAB2iCnLROaqjK9RATUTRA3pCL+jVerSerTfrfVpasGY9++gPrM9v0uehxA==</latexit><latexit sha1_base64="pcNxgeHg1EjHyfKtdYRgH8rb2fY=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzKjgt0IBTcuK9hW6JQhk2Y6oZnMkNwRy9APceOvuHGhiBsXgn9j+gC19UDg5Jx7b3JPkAquwXG+rMLS8srqWnG9tLG5tb1j7+61dJIpypo0EYm6DYhmgkvWBA6C3aaKkTgQrB0MLsd++44pzRN5A8OUdWPSlzzklICRfPvUEyyECvZCRWjupUQBJwJ7KkpGP9d0ZBTej+DYv79wfLvsVJ0J8CJxZ6SMZmj49ofXS2gWMwlUEK07rpNCNx8Pp4KNSl6mWUrogPRZx1BJYqa7+WS5ET4ySg+HiTJHAp6ovztyEms9jANTGROI9Lw3Fv/zOhmEtW7OZZoBk3T6UJgJDAkeJ4V7XDEKYmgIoYqbv2IaERMTmDxLJgR3fuVF0jqpuk7VvT4r12uzOIroAB2iCnLROaqjK9RATUTRA3pCL+jVerSerTfrfVpasGY9++gPrM9v0uehxA==</latexit>
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@n

@p

◆

x

= 0
<latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LvehRj6pf6xeDgMA88upl9/RxnA=">AAACDnicbZBLSwMxFIXv+Ky1anXrJihC3ZSMG90IghuXFWwrdIaSSTNtMJMZkjtiGeZvuPGvuHGhiEt3/hvTB/g8EPg4J697okxJi5R+eAuLS8srq5W16nptY3Orvl3r2DQ3XLR5qlJzHTErlNSijRKVuM6MYEmkRDe6OZ/k3VthrEz1FY4zESZsqGUsOUNn9es0UCLGBgliw3gRZMygZIro8ouzkgRGDkd42L87pf36Pm3Sqchf8OewD3O1+vX3YJDyPBEauWLW9nyaYVhMLudKlNUgtyJj/IYNRc+hZomwYTGdrCQHzhmQODVuaSRT9/uJgiXWjpPI7UwYjuzvbGL+l/VyjE/CQuosR6H57KE4VwRTMqmJDKQRHNXYAeNGur8SPmKuI3RlVl0J/u+R/0LnqOnTpn9JoQK7sAcN8OEYzuACWtAGDvfwCM/w4j14T97rrK4Fb97bDvyQ9/YJcsCe9Q==</latexit><latexit sha1_base64="LvehRj6pf6xeDgMA88upl9/RxnA=">AAACDnicbZBLSwMxFIXv+Ky1anXrJihC3ZSMG90IghuXFWwrdIaSSTNtMJMZkjtiGeZvuPGvuHGhiEt3/hvTB/g8EPg4J697okxJi5R+eAuLS8srq5W16nptY3Orvl3r2DQ3XLR5qlJzHTErlNSijRKVuM6MYEmkRDe6OZ/k3VthrEz1FY4zESZsqGUsOUNn9es0UCLGBgliw3gRZMygZIro8ouzkgRGDkd42L87pf36Pm3Sqchf8OewD3O1+vX3YJDyPBEauWLW9nyaYVhMLudKlNUgtyJj/IYNRc+hZomwYTGdrCQHzhmQODVuaSRT9/uJgiXWjpPI7UwYjuzvbGL+l/VyjE/CQuosR6H57KE4VwRTMqmJDKQRHNXYAeNGur8SPmKuI3RlVl0J/u+R/0LnqOnTpn9JoQK7sAcN8OEYzuACWtAGDvfwCM/w4j14T97rrK4Fb97bDvyQ9/YJcsCe9Q==</latexit><latexit sha1_base64="JlslR/a6lp4DIqZpLpOTW3+qSPc=">AAACGXicbZDLSgMxFIYzXmu9VV26CRahbkrGjd0IBTcuK9gLdMqQSTNtaCYzJGfEMsxruPFV3LhQxKWufBvTC6itPwQ+/nNOkvMHiRQGCPlyVlbX1jc2C1vF7Z3dvf3SwWHLxKlmvMliGetOQA2XQvEmCJC8k2hOo0DydjC6mtTbd1wbEatbGCe8F9GBEqFgFKzll4gneQgV7IWassxLqAZBJVb5Dyc59rQYDOHMv78kfqlMqmQqvAzuHMporoZf+vD6MUsjroBJakzXJQn0ssnlTPK86KWGJ5SN6IB3LSoacdPLppvl+NQ6fRzG2h4FeOr+nshoZMw4CmxnRGFoFmsT879aN4Ww1suESlLgis0eClOJIcaTmHBfaM5Aji1QpoX9K2ZDajMCG2bRhuAurrwMrfOqS6ruDSnXa/M4CugYnaAKctEFqqNr1EBNxNADekIv6NV5dJ6dN+d91rrizGeO0B85n99QxKBr</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit><latexit sha1_base64="9igHq2dThebp2Hj7jNdtn04B238=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIdVNmRLAboeDGZQV7gU4ZMmmmDc1khuSMWIZ5DTe+ihsXirjUlW9jpi2orT8EPv5zTpLz+7HgGmz7yyqsrK6tbxQ3S1vbO7t75f2Dto4SRVmLRiJSXZ9oJrhkLeAgWDdWjIS+YB1/fJXXO3dMaR7JW5jErB+SoeQBpwSM5ZVtV7AAqtgNFKGpGxMFnAgssx+OM+wqPhzBqXd/aXvlil2zp8LL4MyhguZqeuUPdxDRJGQSqCBa9xw7hn6aX04Fy0puollM6JgMWc+gJCHT/XS6WYZPjDPAQaTMkYCn7u+JlIRaT0LfdIYERnqxlpv/1XoJBPV+ymWcAJN09lCQCAwRzmPCA64YBTExQKji5q+YjojJCEyYJROCs7jyMrTPao5dc27OK436PI4iOkLHqIocdIEa6Bo1UQtR9ICe0At6tR6tZ+vNep+1Fqz5zCH6I+vzG1IEoG8=</latexit>

m =
1

Bz

@Bz

@z
<latexit sha1_base64="1rdyW6sQDh/30ASkZByw676w2as=">AAACF3icbVBNS8MwGE7n15xfVY9egkPwVFoR3EUYevE4wX3AWkqapVtYmpYkFbbSf+HFv+LFgyJe9ea/Md0K6uYDged9nvdN8j5BwqhUtv1lVFZW19Y3qpu1re2d3T1z/6Aj41Rg0sYxi0UvQJIwyklbUcVILxEERQEj3WB8XfjdeyIkjfmdmiTEi9CQ05BipLTkm1Z06YYC4czJsyt/ms8LN0FCUcRgIf1U09w367ZlzwCXiVOSOijR8s1PdxDjNCJcYYak7Dt2orysuBAzktfcVJIE4TEakr6mHEVEetlsrxyeaGUAw1jowxWcqb8nMhRJOYkC3RkhNZKLXiH+5/VTFTa8jPIkVYTj+UNhyqCKYRESHFBBsGITTRAWVP8V4hHSySgdZU2H4CyuvEw6Z5ZjW87teb3ZKOOogiNwDE6BAy5AE9yAFmgDDB7AE3gBr8aj8Wy8Ge/z1opRzhyCPzA+vgFREqCa</latexit><latexit sha1_base64="1rdyW6sQDh/30ASkZByw676w2as=">AAACF3icbVBNS8MwGE7n15xfVY9egkPwVFoR3EUYevE4wX3AWkqapVtYmpYkFbbSf+HFv+LFgyJe9ea/Md0K6uYDged9nvdN8j5BwqhUtv1lVFZW19Y3qpu1re2d3T1z/6Aj41Rg0sYxi0UvQJIwyklbUcVILxEERQEj3WB8XfjdeyIkjfmdmiTEi9CQ05BipLTkm1Z06YYC4czJsyt/ms8LN0FCUcRgIf1U09w367ZlzwCXiVOSOijR8s1PdxDjNCJcYYak7Dt2orysuBAzktfcVJIE4TEakr6mHEVEetlsrxyeaGUAw1jowxWcqb8nMhRJOYkC3RkhNZKLXiH+5/VTFTa8jPIkVYTj+UNhyqCKYRESHFBBsGITTRAWVP8V4hHSySgdZU2H4CyuvEw6Z5ZjW87teb3ZKOOogiNwDE6BAy5AE9yAFmgDDB7AE3gBr8aj8Wy8Ge/z1opRzhyCPzA+vgFREqCa</latexit><latexit sha1_base64="1rdyW6sQDh/30ASkZByw676w2as=">AAACF3icbVBNS8MwGE7n15xfVY9egkPwVFoR3EUYevE4wX3AWkqapVtYmpYkFbbSf+HFv+LFgyJe9ea/Md0K6uYDged9nvdN8j5BwqhUtv1lVFZW19Y3qpu1re2d3T1z/6Aj41Rg0sYxi0UvQJIwyklbUcVILxEERQEj3WB8XfjdeyIkjfmdmiTEi9CQ05BipLTkm1Z06YYC4czJsyt/ms8LN0FCUcRgIf1U09w367ZlzwCXiVOSOijR8s1PdxDjNCJcYYak7Dt2orysuBAzktfcVJIE4TEakr6mHEVEetlsrxyeaGUAw1jowxWcqb8nMhRJOYkC3RkhNZKLXiH+5/VTFTa8jPIkVYTj+UNhyqCKYRESHFBBsGITTRAWVP8V4hHSySgdZU2H4CyuvEw6Z5ZjW87teb3ZKOOogiNwDE6BAy5AE9yAFmgDDB7AE3gBr8aj8Wy8Ge/z1opRzhyCPzA+vgFREqCa</latexit><latexit sha1_base64="1rdyW6sQDh/30ASkZByw676w2as=">AAACF3icbVBNS8MwGE7n15xfVY9egkPwVFoR3EUYevE4wX3AWkqapVtYmpYkFbbSf+HFv+LFgyJe9ea/Md0K6uYDged9nvdN8j5BwqhUtv1lVFZW19Y3qpu1re2d3T1z/6Aj41Rg0sYxi0UvQJIwyklbUcVILxEERQEj3WB8XfjdeyIkjfmdmiTEi9CQ05BipLTkm1Z06YYC4czJsyt/ms8LN0FCUcRgIf1U09w367ZlzwCXiVOSOijR8s1PdxDjNCJcYYak7Dt2orysuBAzktfcVJIE4TEakr6mHEVEetlsrxyeaGUAw1jowxWcqb8nMhRJOYkC3RkhNZKLXiH+5/VTFTa8jPIkVYTj+UNhyqCKYRESHFBBsGITTRAWVP8V4hHSySgdZU2H4CyuvEw6Z5ZjW87teb3ZKOOogiNwDE6BAy5AE9yAFmgDDB7AE3gBr8aj8Wy8Ge/z1opRzhyCPzA+vgFREqCa</latexit>

Make the orbit and optics independent of p

: same shape of orbit

: invariance of optics

Magnetic field should satisfy with a constant

Bz (z) = B0 exp (mz)
<latexit sha1_base64="o9U4DELjXD1CXKxW01CmFiNt8Yg=">AAACGHicbVDJSgNBEO1xjXGLevTSGIR4iTMimIsQ4sVjBLNAJgw9nZqksWehu0ZMQj7Di7/ixYMiXnPzb+wkc3B7UPB4r4qqen4ihUbb/rSWlldW19ZzG/nNre2d3cLeflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT8u6uZ37oHpUUc3eIwgW7I+pEIBGdoJK9wWvNGroQAS3REXSX6Azyhl7Tm2dSFhySzQjrKPK9QtMv2HPQvcTJSJBnqXmHq9mKehhAhl0zrjmMn2B0zhYJLmOTdVEPC+B3rQ8fQiIWgu+P5YxN6bJQeDWJlKkI6V79PjFmo9TD0TWfIcKB/ezPxP6+TYlDpjkWUpAgRXywKUkkxprOUaE8o4CiHhjCuhLmV8gFTjKPJMm9CcH6//Jc0z8qOXXZuzovVShZHjhySI1IiDrkgVXJN6qRBOHkkz+SVvFlP1ov1bn0sWpesbOaA/IA1/QKMsZ4u</latexit><latexit sha1_base64="o9U4DELjXD1CXKxW01CmFiNt8Yg=">AAACGHicbVDJSgNBEO1xjXGLevTSGIR4iTMimIsQ4sVjBLNAJgw9nZqksWehu0ZMQj7Di7/ixYMiXnPzb+wkc3B7UPB4r4qqen4ihUbb/rSWlldW19ZzG/nNre2d3cLeflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT8u6uZ37oHpUUc3eIwgW7I+pEIBGdoJK9wWvNGroQAS3REXSX6Azyhl7Tm2dSFhySzQjrKPK9QtMv2HPQvcTJSJBnqXmHq9mKehhAhl0zrjmMn2B0zhYJLmOTdVEPC+B3rQ8fQiIWgu+P5YxN6bJQeDWJlKkI6V79PjFmo9TD0TWfIcKB/ezPxP6+TYlDpjkWUpAgRXywKUkkxprOUaE8o4CiHhjCuhLmV8gFTjKPJMm9CcH6//Jc0z8qOXXZuzovVShZHjhySI1IiDrkgVXJN6qRBOHkkz+SVvFlP1ov1bn0sWpesbOaA/IA1/QKMsZ4u</latexit><latexit sha1_base64="o9U4DELjXD1CXKxW01CmFiNt8Yg=">AAACGHicbVDJSgNBEO1xjXGLevTSGIR4iTMimIsQ4sVjBLNAJgw9nZqksWehu0ZMQj7Di7/ixYMiXnPzb+wkc3B7UPB4r4qqen4ihUbb/rSWlldW19ZzG/nNre2d3cLeflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT8u6uZ37oHpUUc3eIwgW7I+pEIBGdoJK9wWvNGroQAS3REXSX6Azyhl7Tm2dSFhySzQjrKPK9QtMv2HPQvcTJSJBnqXmHq9mKehhAhl0zrjmMn2B0zhYJLmOTdVEPC+B3rQ8fQiIWgu+P5YxN6bJQeDWJlKkI6V79PjFmo9TD0TWfIcKB/ezPxP6+TYlDpjkWUpAgRXywKUkkxprOUaE8o4CiHhjCuhLmV8gFTjKPJMm9CcH6//Jc0z8qOXXZuzovVShZHjhySI1IiDrkgVXJN6qRBOHkkz+SVvFlP1ov1bn0sWpesbOaA/IA1/QKMsZ4u</latexit><latexit sha1_base64="o9U4DELjXD1CXKxW01CmFiNt8Yg=">AAACGHicbVDJSgNBEO1xjXGLevTSGIR4iTMimIsQ4sVjBLNAJgw9nZqksWehu0ZMQj7Di7/ixYMiXnPzb+wkc3B7UPB4r4qqen4ihUbb/rSWlldW19ZzG/nNre2d3cLeflPHqeLQ4LGMVdtnGqSIoIECJbQTBSz0JbT8u6uZ37oHpUUc3eIwgW7I+pEIBGdoJK9wWvNGroQAS3REXSX6Azyhl7Tm2dSFhySzQjrKPK9QtMv2HPQvcTJSJBnqXmHq9mKehhAhl0zrjmMn2B0zhYJLmOTdVEPC+B3rQ8fQiIWgu+P5YxN6bJQeDWJlKkI6V79PjFmo9TD0TWfIcKB/ezPxP6+TYlDpjkWUpAgRXywKUkkxprOUaE8o4CiHhjCuhLmV8gFTjKPJMm9CcH6//Jc0z8qOXXZuzovVShZHjhySI1IiDrkgVXJN6qRBOHkkz+SVvFlP1ov1bn0sWpesbOaA/IA1/QKMsZ4u</latexit>

Finally

d2y

d✓2
+

⇢20
⇢2

y � ⇢20
⇢2

ny = 0
<latexit sha1_base64="H4B3223z9ciRhl+WBH0zMC9/mf4="></latexit><latexit sha1_base64="H4B3223z9ciRhl+WBH0zMC9/mf4="></latexit><latexit sha1_base64="H4B3223z9ciRhl+WBH0zMC9/mf4="></latexit><latexit sha1_base64="H4B3223z9ciRhl+WBH0zMC9/mf4="></latexit>

d2z

d✓2
+

⇢20
⇢2

nz = 0
<latexit sha1_base64="p7G1rGzO16uiOshxWj72BHnXKsQ=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyxCQSgzRdGNUHDjsoK9QKctmUymDc1khuSM0A59Eje+ihsXigiu9G1MLwttPRDy8f/nkJzfTwTX4Djf1srq2vrGZm4rv72zu7dvHxzWdZwqymo0FrFq+kQzwSWrAQfBmoliJPIFa/iDm4nfeGBK81jewzBh7Yj0JA85JWCkrn3hhYrQLOiU8WicBR70GZBOeXyGZ4an+nHXMcKUzC1H+Nrp2gWn5EwLL4M7hwKaV7Vrf3pBTNOISaCCaN1ynQTaGVHAqWDjvJdqlhA6ID3WMihJxHQ7m643xqdGCXAYK3Mk4Kn6eyIjkdbDyDedEYG+XvQm4n9eK4Xwqp1xmaTAJJ09FKYCQ4wnWeGAK0ZBDA0Qqrj5K6Z9YmIBk2jehOAurrwM9XLJdUru3XmhUpzHkUPH6AQVkYsuUQXdoiqqIYoe0TN6RW/Wk/VivVsfs9YVaz5zhP6U9fUDv4SiIA==</latexit><latexit sha1_base64="p7G1rGzO16uiOshxWj72BHnXKsQ=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyxCQSgzRdGNUHDjsoK9QKctmUymDc1khuSM0A59Eje+ihsXigiu9G1MLwttPRDy8f/nkJzfTwTX4Djf1srq2vrGZm4rv72zu7dvHxzWdZwqymo0FrFq+kQzwSWrAQfBmoliJPIFa/iDm4nfeGBK81jewzBh7Yj0JA85JWCkrn3hhYrQLOiU8WicBR70GZBOeXyGZ4an+nHXMcKUzC1H+Nrp2gWn5EwLL4M7hwKaV7Vrf3pBTNOISaCCaN1ynQTaGVHAqWDjvJdqlhA6ID3WMihJxHQ7m643xqdGCXAYK3Mk4Kn6eyIjkdbDyDedEYG+XvQm4n9eK4Xwqp1xmaTAJJ09FKYCQ4wnWeGAK0ZBDA0Qqrj5K6Z9YmIBk2jehOAurrwM9XLJdUru3XmhUpzHkUPH6AQVkYsuUQXdoiqqIYoe0TN6RW/Wk/VivVsfs9YVaz5zhP6U9fUDv4SiIA==</latexit><latexit sha1_base64="p7G1rGzO16uiOshxWj72BHnXKsQ=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyxCQSgzRdGNUHDjsoK9QKctmUymDc1khuSM0A59Eje+ihsXigiu9G1MLwttPRDy8f/nkJzfTwTX4Djf1srq2vrGZm4rv72zu7dvHxzWdZwqymo0FrFq+kQzwSWrAQfBmoliJPIFa/iDm4nfeGBK81jewzBh7Yj0JA85JWCkrn3hhYrQLOiU8WicBR70GZBOeXyGZ4an+nHXMcKUzC1H+Nrp2gWn5EwLL4M7hwKaV7Vrf3pBTNOISaCCaN1ynQTaGVHAqWDjvJdqlhA6ID3WMihJxHQ7m643xqdGCXAYK3Mk4Kn6eyIjkdbDyDedEYG+XvQm4n9eK4Xwqp1xmaTAJJ09FKYCQ4wnWeGAK0ZBDA0Qqrj5K6Z9YmIBk2jehOAurrwM9XLJdUru3XmhUpzHkUPH6AQVkYsuUQXdoiqqIYoe0TN6RW/Wk/VivVsfs9YVaz5zhP6U9fUDv4SiIA==</latexit><latexit sha1_base64="p7G1rGzO16uiOshxWj72BHnXKsQ=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyxCQSgzRdGNUHDjsoK9QKctmUymDc1khuSM0A59Eje+ihsXigiu9G1MLwttPRDy8f/nkJzfTwTX4Djf1srq2vrGZm4rv72zu7dvHxzWdZwqymo0FrFq+kQzwSWrAQfBmoliJPIFa/iDm4nfeGBK81jewzBh7Yj0JA85JWCkrn3hhYrQLOiU8WicBR70GZBOeXyGZ4an+nHXMcKUzC1H+Nrp2gWn5EwLL4M7hwKaV7Vrf3pBTNOISaCCaN1ynQTaGVHAqWDjvJdqlhA6ID3WMihJxHQ7m643xqdGCXAYK3Mk4Kn6eyIjkdbDyDedEYG+XvQm4n9eK4Xwqp1xmaTAJJ09FKYCQ4wnWeGAK0ZBDA0Qqrj5K6Z9YmIBk2jehOAurrwM9XLJdUru3XmhUpzHkUPH6AQVkYsuUQXdoiqqIYoe0TN6RW/Wk/VivVsfs9YVaz5zhP6U9fUDv4SiIA==</latexit>

n = � ⇢

Bz

@Bz

@y
<latexit sha1_base64="j3TVyCBcCxhnAzqH9BLaB1MDVHs=">AAACG3icbVBNS8MwGE79nPOr6tFLcAi7ONoh6EUYevE4wX3AWkqapVtYmpYkFWrp//DiX/HiQRFPggf/jelWUDcfCDzv87xvkvfxY0alsqwvY2l5ZXVtvbJR3dza3tk19/a7MkoEJh0csUj0fSQJo5x0FFWM9GNBUOgz0vMnV4XfuyNC0ojfqjQmbohGnAYUI6Ulz2zyixMnEAhnjhhHeXbp3edlHSOhKGKwkH6qNPfMmtWwpoCLxC5JDZRoe+aHM4xwEhKuMENSDmwrVm5WXIgZyatOIkmM8ASNyEBTjkIi3Wy6Ww6PtTKEQST04QpO1d8TGQqlTENfd4ZIjeW8V4j/eYNEBeduRnmcKMLx7KEgYVBFsAgKDqkgWLFUE4QF1X+FeIx0MkrHWdUh2PMrL5Jus2FbDfvmtNaql3FUwCE4AnVggzPQAtegDToAgwfwBF7Aq/FoPBtvxvusdckoZw7AHxif36SLolM=</latexit><latexit sha1_base64="j3TVyCBcCxhnAzqH9BLaB1MDVHs=">AAACG3icbVBNS8MwGE79nPOr6tFLcAi7ONoh6EUYevE4wX3AWkqapVtYmpYkFWrp//DiX/HiQRFPggf/jelWUDcfCDzv87xvkvfxY0alsqwvY2l5ZXVtvbJR3dza3tk19/a7MkoEJh0csUj0fSQJo5x0FFWM9GNBUOgz0vMnV4XfuyNC0ojfqjQmbohGnAYUI6Ulz2zyixMnEAhnjhhHeXbp3edlHSOhKGKwkH6qNPfMmtWwpoCLxC5JDZRoe+aHM4xwEhKuMENSDmwrVm5WXIgZyatOIkmM8ASNyEBTjkIi3Wy6Ww6PtTKEQST04QpO1d8TGQqlTENfd4ZIjeW8V4j/eYNEBeduRnmcKMLx7KEgYVBFsAgKDqkgWLFUE4QF1X+FeIx0MkrHWdUh2PMrL5Jus2FbDfvmtNaql3FUwCE4AnVggzPQAtegDToAgwfwBF7Aq/FoPBtvxvusdckoZw7AHxif36SLolM=</latexit><latexit sha1_base64="j3TVyCBcCxhnAzqH9BLaB1MDVHs=">AAACG3icbVBNS8MwGE79nPOr6tFLcAi7ONoh6EUYevE4wX3AWkqapVtYmpYkFWrp//DiX/HiQRFPggf/jelWUDcfCDzv87xvkvfxY0alsqwvY2l5ZXVtvbJR3dza3tk19/a7MkoEJh0csUj0fSQJo5x0FFWM9GNBUOgz0vMnV4XfuyNC0ojfqjQmbohGnAYUI6Ulz2zyixMnEAhnjhhHeXbp3edlHSOhKGKwkH6qNPfMmtWwpoCLxC5JDZRoe+aHM4xwEhKuMENSDmwrVm5WXIgZyatOIkmM8ASNyEBTjkIi3Wy6Ww6PtTKEQST04QpO1d8TGQqlTENfd4ZIjeW8V4j/eYNEBeduRnmcKMLx7KEgYVBFsAgKDqkgWLFUE4QF1X+FeIx0MkrHWdUh2PMrL5Jus2FbDfvmtNaql3FUwCE4AnVggzPQAtegDToAgwfwBF7Aq/FoPBtvxvusdckoZw7AHxif36SLolM=</latexit><latexit sha1_base64="j3TVyCBcCxhnAzqH9BLaB1MDVHs=">AAACG3icbVBNS8MwGE79nPOr6tFLcAi7ONoh6EUYevE4wX3AWkqapVtYmpYkFWrp//DiX/HiQRFPggf/jelWUDcfCDzv87xvkvfxY0alsqwvY2l5ZXVtvbJR3dza3tk19/a7MkoEJh0csUj0fSQJo5x0FFWM9GNBUOgz0vMnV4XfuyNC0ojfqjQmbohGnAYUI6Ulz2zyixMnEAhnjhhHeXbp3edlHSOhKGKwkH6qNPfMmtWwpoCLxC5JDZRoe+aHM4xwEhKuMENSDmwrVm5WXIgZyatOIkmM8ASNyEBTjkIi3Wy6Ww6PtTKEQST04QpO1d8TGQqlTENfd4ZIjeW8V4j/eYNEBeduRnmcKMLx7KEgYVBFsAgKDqkgWLFUE4QF1X+FeIx0MkrHWdUh2PMrL5Jus2FbDfvmtNaql3FUwCE4AnVggzPQAtegDToAgwfwBF7Aq/FoPBtvxvusdckoZw7AHxif36SLolM=</latexit>

where
n = � ⇢

Bz

@Bz

@z
<latexit sha1_base64="2AaEQwgdwIheb6U+0dyJ/hGjv/M=">AAACG3icbVBNS8MwGE7n15xfVY9egkPw4miH4C7C0IvHCe4D1lLSLN3C0rQkqbCV/g8v/hUvHhTxJHjw35huBXXzgcDzPs/7JnkfP2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vs797j0Rkkb8Tk1i4oZoyGlAMVJa8sw6vzxzAoFw6ohRlKVX3jQr6hgJRRGDufRTTTPPrFo1awa4TOyCVEGBlmd+OIMIJyHhCjMkZd+2YuWm+YWYkaziJJLECI/RkPQ15Sgk0k1nu2XwRCsDGERCH67gTP09kaJQykno684QqZFc9HLxP6+fqKDhppTHiSIczx8KEgZVBPOg4IAKghWbaIKwoPqvEI+QTkbpOCs6BHtx5WXSqddsq2bfnlebjSKOMjgCx+AU2OACNMENaIE2wOABPIEX8Go8Gs/Gm/E+by0Zxcwh+APj8xuq4KJk</latexit><latexit sha1_base64="2AaEQwgdwIheb6U+0dyJ/hGjv/M=">AAACG3icbVBNS8MwGE7n15xfVY9egkPw4miH4C7C0IvHCe4D1lLSLN3C0rQkqbCV/g8v/hUvHhTxJHjw35huBXXzgcDzPs/7JnkfP2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vs797j0Rkkb8Tk1i4oZoyGlAMVJa8sw6vzxzAoFw6ohRlKVX3jQr6hgJRRGDufRTTTPPrFo1awa4TOyCVEGBlmd+OIMIJyHhCjMkZd+2YuWm+YWYkaziJJLECI/RkPQ15Sgk0k1nu2XwRCsDGERCH67gTP09kaJQykno684QqZFc9HLxP6+fqKDhppTHiSIczx8KEgZVBPOg4IAKghWbaIKwoPqvEI+QTkbpOCs6BHtx5WXSqddsq2bfnlebjSKOMjgCx+AU2OACNMENaIE2wOABPIEX8Go8Gs/Gm/E+by0Zxcwh+APj8xuq4KJk</latexit><latexit sha1_base64="2AaEQwgdwIheb6U+0dyJ/hGjv/M=">AAACG3icbVBNS8MwGE7n15xfVY9egkPw4miH4C7C0IvHCe4D1lLSLN3C0rQkqbCV/g8v/hUvHhTxJHjw35huBXXzgcDzPs/7JnkfP2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vs797j0Rkkb8Tk1i4oZoyGlAMVJa8sw6vzxzAoFw6ohRlKVX3jQr6hgJRRGDufRTTTPPrFo1awa4TOyCVEGBlmd+OIMIJyHhCjMkZd+2YuWm+YWYkaziJJLECI/RkPQ15Sgk0k1nu2XwRCsDGERCH67gTP09kaJQykno684QqZFc9HLxP6+fqKDhppTHiSIczx8KEgZVBPOg4IAKghWbaIKwoPqvEI+QTkbpOCs6BHtx5WXSqddsq2bfnlebjSKOMjgCx+AU2OACNMENaIE2wOABPIEX8Go8Gs/Gm/E+by0Zxcwh+APj8xuq4KJk</latexit><latexit sha1_base64="2AaEQwgdwIheb6U+0dyJ/hGjv/M=">AAACG3icbVBNS8MwGE7n15xfVY9egkPw4miH4C7C0IvHCe4D1lLSLN3C0rQkqbCV/g8v/hUvHhTxJHjw35huBXXzgcDzPs/7JnkfP2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vs797j0Rkkb8Tk1i4oZoyGlAMVJa8sw6vzxzAoFw6ohRlKVX3jQr6hgJRRGDufRTTTPPrFo1awa4TOyCVEGBlmd+OIMIJyHhCjMkZd+2YuWm+YWYkaziJJLECI/RkPQ15Sgk0k1nu2XwRCsDGERCH67gTP09kaJQykno684QqZFc9HLxP6+fqKDhppTHiSIczx8KEgZVBPOg4IAKghWbaIKwoPqvEI+QTkbpOCs6BHtx5WXSqddsq2bfnlebjSKOMjgCx+AU2OACNMENaIE2wOABPIEX8Go8Gs/Gm/E+by0Zxcwh+APj8xuq4KJk</latexit>

d2y

d✓2
+

⇢20
⇢2

y � ⇢20
⇢2

nz = 0
<latexit sha1_base64="4Z9dkLtMZLZIfGVNXyGCuJiVaK0="></latexit><latexit sha1_base64="4Z9dkLtMZLZIfGVNXyGCuJiVaK0="></latexit><latexit sha1_base64="4Z9dkLtMZLZIfGVNXyGCuJiVaK0="></latexit><latexit sha1_base64="4Z9dkLtMZLZIfGVNXyGCuJiVaK0="></latexit>

d2z

d✓2
+

⇢20
⇢2

ny = 0
<latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xBdEpdGCA1qx7m6HN09s6Xo7rOI=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRZBEEqmILoRBDcuK9gHdGrJZDI2mMkMyR2hDv0lbvwrblwoIrjz35g+Fmo9EPJxTkJyT5gpaZHSL29hcWl5ZbW0Vl7f2NzaruxstGyaGy6aPFWp6YTMCiW1aKJEJTqZESwJlWiHdxfjvH0vjJWpvsZhJnoJu9Uylpyhs/qV4yA2jBfRTZ08jIoowIFAdlMfHZFpEJhB2qfOmJDb9ZCc0X6lSmt0IjIP/gyqMFOjX/kMopTnidDIFbO269MMewUzKLkSo3KQW5ExfsduRdehZomwvWIy3ogcOCcicWrc0kgm7s8bBUusHSahO5kwHNi/2dj8L+vmGJ/2CqmzHIXm04fiXBFMybgrEkkjOKqhA8aNdH8lfMBcLegaLbsS/L8jz0OrXvNpzb+iUII92IdD8OEEzuESGtAEDo/wDK/w5j15L977tK4Fb9bbLvyS9/EN0S+gsA==</latexit><latexit sha1_base64="xBdEpdGCA1qx7m6HN09s6Xo7rOI=">AAACE3icbZBLSwMxFIXv+Kz1Vd26CRZBEEqmILoRBDcuK9gHdGrJZDI2mMkMyR2hDv0lbvwrblwoIrjz35g+Fmo9EPJxTkJyT5gpaZHSL29hcWl5ZbW0Vl7f2NzaruxstGyaGy6aPFWp6YTMCiW1aKJEJTqZESwJlWiHdxfjvH0vjJWpvsZhJnoJu9Uylpyhs/qV4yA2jBfRTZ08jIoowIFAdlMfHZFpEJhB2qfOmJDb9ZCc0X6lSmt0IjIP/gyqMFOjX/kMopTnidDIFbO269MMewUzKLkSo3KQW5ExfsduRdehZomwvWIy3ogcOCcicWrc0kgm7s8bBUusHSahO5kwHNi/2dj8L+vmGJ/2CqmzHIXm04fiXBFMybgrEkkjOKqhA8aNdH8lfMBcLegaLbsS/L8jz0OrXvNpzb+iUII92IdD8OEEzuESGtAEDo/wDK/w5j15L977tK4Fb9bbLvyS9/EN0S+gsA==</latexit><latexit sha1_base64="jVPjFPCGB1cs7yXcgcZMt1hQwHQ=">AAACHnicbZDLSgMxFIYzXmu9VV26CRahIJRMQXQjFNy4rGAv0GlLJpNpQzOZITkj1KFP4sZXceNCEcGVvo3pZaGtB0I+/v8ckvP7iRQGCPl2VlbX1jc2c1v57Z3dvf3CwWHDxKlmvM5iGeuWTw2XQvE6CJC8lWhOI1/ypj+8nvjNe66NiNUdjBLeiWhfiVAwClbqFc69UFOWBd0KfhhngQcDDrRbGZ/hmeHpQdwjVpiSvdUIX5FeoUjKZFp4Gdw5FNG8ar3CpxfELI24AiapMW2XJNDJqAbBJB/nvdTwhLIh7fO2RUUjbjrZdL0xPrVKgMNY26MAT9XfExmNjBlFvu2MKAzMojcR//PaKYSXnUyoJAWu2OyhMJUYYjzJCgdCcwZyZIEyLexfMRtQGwvYRPM2BHdx5WVoVMouKbu3pFgtzePIoWN0gkrIRReoim5QDdURQ4/oGb2iN+fJeXHenY9Z64oznzlCf8r5+gG8vaIb</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit><latexit sha1_base64="Zd26agbW5mMRajNhhxJ/Oc6RkQA=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAIBaHMFEU3QsGNywr2Ap22ZDKZNjSTGZIzQh36JG58FTcuFBFc6duYTrvQ1gMhH/9/Dsn5vVhwDbb9beVWVtfWN/Kbha3tnd294v5BU0eJoqxBIxGptkc0E1yyBnAQrB0rRkJPsJY3up76rXumNI/kHYxj1g3JQPKAUwJG6hfP3UARmvq9Kn6YpL4LQwakV52c4pnhqmHUt42QkbnlGF/Z/WLJrthZ4WVw5lBC86r3i5+uH9EkZBKoIFp3HDuGbkoUcCrYpOAmmsWEjsiAdQxKEjLdTbP1JvjEKD4OImWOBJypvydSEmo9Dj3TGRIY6kVvKv7ndRIILrspl3ECTNLZQ0EiMER4mhX2uWIUxNgAoYqbv2I6JCYWMIkWTAjO4srL0KxWHLvi3J6VauV5HHl0hI5RGTnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MWvNWfOZQ/SnrK8fvf2iHw==</latexit>

Finally

k =
y

Bz

@Bz

@y
<latexit sha1_base64="upXXQYodEBmldvV59whCtoiYYf0=">AAACF3icbVBNS8MwGE79nPOr6tFLcAg7lVYEvQhDLx4nuA9YS0mzdAtL05KkQi39F178K148KOJVb/4b062gbj4QeN7ned8k7xMkjEpl21/G0vLK6tp6baO+ubW9s2vu7XdlnApMOjhmsegHSBJGOekoqhjpJ4KgKGCkF0yuSr93R4SkMb9VWUK8CI04DSlGSku+aU0u3FAgnGdFfunfF7PCTZBQFDFYSj9VVvhmw7bsKeAicSrSABXavvnpDmOcRoQrzJCUA8dOlJeXF2JGirqbSpIgPEEjMtCUo4hIL5/uVcBjrQxhGAt9uIJT9fdEjiIpsyjQnRFSYznvleJ/3iBV4bmXU56kinA8eyhMGVQxLEOCQyoIVizTBGFB9V8hHiOdjNJR1nUIzvzKi6R7Yjm25dycNlrNKo4aOARHoAkccAZa4Bq0QQdg8ACewAt4NR6NZ+PNeJ+1LhnVzAH4A+PjG77joM8=</latexit><latexit sha1_base64="upXXQYodEBmldvV59whCtoiYYf0=">AAACF3icbVBNS8MwGE79nPOr6tFLcAg7lVYEvQhDLx4nuA9YS0mzdAtL05KkQi39F178K148KOJVb/4b062gbj4QeN7ned8k7xMkjEpl21/G0vLK6tp6baO+ubW9s2vu7XdlnApMOjhmsegHSBJGOekoqhjpJ4KgKGCkF0yuSr93R4SkMb9VWUK8CI04DSlGSku+aU0u3FAgnGdFfunfF7PCTZBQFDFYSj9VVvhmw7bsKeAicSrSABXavvnpDmOcRoQrzJCUA8dOlJeXF2JGirqbSpIgPEEjMtCUo4hIL5/uVcBjrQxhGAt9uIJT9fdEjiIpsyjQnRFSYznvleJ/3iBV4bmXU56kinA8eyhMGVQxLEOCQyoIVizTBGFB9V8hHiOdjNJR1nUIzvzKi6R7Yjm25dycNlrNKo4aOARHoAkccAZa4Bq0QQdg8ACewAt4NR6NZ+PNeJ+1LhnVzAH4A+PjG77joM8=</latexit><latexit sha1_base64="upXXQYodEBmldvV59whCtoiYYf0=">AAACF3icbVBNS8MwGE79nPOr6tFLcAg7lVYEvQhDLx4nuA9YS0mzdAtL05KkQi39F178K148KOJVb/4b062gbj4QeN7ned8k7xMkjEpl21/G0vLK6tp6baO+ubW9s2vu7XdlnApMOjhmsegHSBJGOekoqhjpJ4KgKGCkF0yuSr93R4SkMb9VWUK8CI04DSlGSku+aU0u3FAgnGdFfunfF7PCTZBQFDFYSj9VVvhmw7bsKeAicSrSABXavvnpDmOcRoQrzJCUA8dOlJeXF2JGirqbSpIgPEEjMtCUo4hIL5/uVcBjrQxhGAt9uIJT9fdEjiIpsyjQnRFSYznvleJ/3iBV4bmXU56kinA8eyhMGVQxLEOCQyoIVizTBGFB9V8hHiOdjNJR1nUIzvzKi6R7Yjm25dycNlrNKo4aOARHoAkccAZa4Bq0QQdg8ACewAt4NR6NZ+PNeJ+1LhnVzAH4A+PjG77joM8=</latexit><latexit sha1_base64="upXXQYodEBmldvV59whCtoiYYf0=">AAACF3icbVBNS8MwGE79nPOr6tFLcAg7lVYEvQhDLx4nuA9YS0mzdAtL05KkQi39F178K148KOJVb/4b062gbj4QeN7ned8k7xMkjEpl21/G0vLK6tp6baO+ubW9s2vu7XdlnApMOjhmsegHSBJGOekoqhjpJ4KgKGCkF0yuSr93R4SkMb9VWUK8CI04DSlGSku+aU0u3FAgnGdFfunfF7PCTZBQFDFYSj9VVvhmw7bsKeAicSrSABXavvnpDmOcRoQrzJCUA8dOlJeXF2JGirqbSpIgPEEjMtCUo4hIL5/uVcBjrQxhGAt9uIJT9fdEjiIpsyjQnRFSYznvleJ/3iBV4bmXU56kinA8eyhMGVQxLEOCQyoIVizTBGFB9V8hHiOdjNJR1nUIzvzKi6R7Yjm25dycNlrNKo4aOARHoAkccAZa4Bq0QQdg8ACewAt4NR6NZ+PNeJ+1LhnVzAH4A+PjG77joM8=</latexit>

Bz (y) = B0y
k

<latexit sha1_base64="Sy9VXJV/e1EzWc484cIBOoOgR1s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURQTdCqRuXFewD2hgm00k7dPJg5kaIoQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX039zj2TikfhLaQxcwIyDLnPKQEtuWa54T70BfOhilPcl3w4gpPLhmvh9G7smhWrZs2Al4mdkwrK0XTNr/4goknAQqCCKNWzrRicjEjgVLBJqZ8oFhM6JkPW0zQkAVNONntigo+1MsB+JHWFgGfq74mMBEqlgac7AwIjtehNxf+8XgL+hZPxME6AhXS+yE8EhghPE8EDLhkFkWpCqOT6VkxHRBIKOreSDsFefHmZtE9rtlWzb84q9WoeRxGV0RGqIhudozq6Rk3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9gfP4AoxWWtQ==</latexit><latexit sha1_base64="Sy9VXJV/e1EzWc484cIBOoOgR1s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURQTdCqRuXFewD2hgm00k7dPJg5kaIoQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX039zj2TikfhLaQxcwIyDLnPKQEtuWa54T70BfOhilPcl3w4gpPLhmvh9G7smhWrZs2Al4mdkwrK0XTNr/4goknAQqCCKNWzrRicjEjgVLBJqZ8oFhM6JkPW0zQkAVNONntigo+1MsB+JHWFgGfq74mMBEqlgac7AwIjtehNxf+8XgL+hZPxME6AhXS+yE8EhghPE8EDLhkFkWpCqOT6VkxHRBIKOreSDsFefHmZtE9rtlWzb84q9WoeRxGV0RGqIhudozq6Rk3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9gfP4AoxWWtQ==</latexit><latexit sha1_base64="Sy9VXJV/e1EzWc484cIBOoOgR1s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURQTdCqRuXFewD2hgm00k7dPJg5kaIoQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX039zj2TikfhLaQxcwIyDLnPKQEtuWa54T70BfOhilPcl3w4gpPLhmvh9G7smhWrZs2Al4mdkwrK0XTNr/4goknAQqCCKNWzrRicjEjgVLBJqZ8oFhM6JkPW0zQkAVNONntigo+1MsB+JHWFgGfq74mMBEqlgac7AwIjtehNxf+8XgL+hZPxME6AhXS+yE8EhghPE8EDLhkFkWpCqOT6VkxHRBIKOreSDsFefHmZtE9rtlWzb84q9WoeRxGV0RGqIhudozq6Rk3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9gfP4AoxWWtQ==</latexit><latexit sha1_base64="Sy9VXJV/e1EzWc484cIBOoOgR1s=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURQTdCqRuXFewD2hgm00k7dPJg5kaIoQs3/oobF4q49SPc+TdO2yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6euX/QVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcbX039zj2TikfhLaQxcwIyDLnPKQEtuWa54T70BfOhilPcl3w4gpPLhmvh9G7smhWrZs2Al4mdkwrK0XTNr/4goknAQqCCKNWzrRicjEjgVLBJqZ8oFhM6JkPW0zQkAVNONntigo+1MsB+JHWFgGfq74mMBEqlgac7AwIjtehNxf+8XgL+hZPxME6AhXS+yE8EhghPE8EDLhkFkWpCqOT6VkxHRBIKOreSDsFefHmZtE9rtlWzb84q9WoeRxGV0RGqIhudozq6Rk3UQhQ9omf0it6MJ+PFeDc+5q0FI585RH9gfP4AoxWWtQ==</latexit>

FFA vFFA
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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
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where

Non zero longitudinal field on mid-plane is something 
we did not have in a conventional accelerator.
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Pros
FFA based on similar design has been 
working: e.g. machines at Kyoto Univ. 
Optics is decoupled, diagnostics is simpler.

Cons
Magnet design with spiral angle would be 
more difficult.
Spiral angle becomes large to squeeze orbit 
excursion.
Straight section between spiral magnets 
could be shorter in reality.
Magnet footprint is large.

Pros
Magnet is more straightforward (not 
necessarily simple) with small footprint.
Coil dominated design is possible. Good for 
superconducting magnets.
Separation of scaling law and ring 
geometry.

Cons
Magnetic field strength is higher than vFFA. 
Optics is strongly coupled.
Unexpected things may happen (but it will 
be the world premiere!)

HorizontalVertical

vFFA vs FFA
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Feasibility study
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Goal
In the next 7~10 years, provide enough information to decide 
the right choice of the proton driver for ISIS-II.

How do we proceed?
Work on design of conventional (RCS/AR) and novel idea (FFA) in parallel.

More specific plan

 on FFA on RCS/AR
Decide RCS or AR within a few years. 
Determine the best conventional ring 
design.

Construct a prototype ring 
(not funded yet).
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for physics design for hardware R&D
Show that FFA design works as expected.
Benchmark simulation code and 
experimental results.
Beam dynamics study bench, especially of 
high intensity beams.

Show engineering feasibility of wide aperture 
components.
Choose the best solution to achieve the 
requirements.
Develop in-house skills for the whole FFA 
accelerator system.

2018 2019 2020 2021 2022 2023 2024
physics 
design

components 
R&D

test ring construction 

decision 
point 1

measurement 

Feasibility study 
schedule
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Low enough energy (3 MeV) so that a 
test ring can fit in the existing building.

Beam loss can be tolerated at 3 MeV 
although the ultimate goal is zero loss.

Physical emittance from FETS is 
comparable as the ring acceptance.

Peak current is high so that easily get 
into space charge limit with one turn 
injection.

Front End Test Stand (FETS)

Feasibility study 
FETS as an injector
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Potential codes for vFFA design and benchmarking.

OPAL (PSI and Chris R)
Zgoubi (BNL and David K)
FixField (JB)
Muon1 (Stephen B)
SCODE+ (Shinji M)

Baseline design has been made by SCODE+ so far

No code was available to design vFFA.
Write or modify a code is the first thing.

Code benchmarking (1) 
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u tune v tune

SCODE+ 0.184701 0.231858 0.999960

FIXFIELD 0.183880 0.232180 0.999960

MUON1 0.187858 0.230659

OPAL (CR) 0.176693 0.239013 1.002388

Code benchmarking (2) 
preliminary results

Chris R will discuss this later.



Orbits 
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Top view Side view
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Kinetic energy 3 - 12 (17) MeV
Number of cell 10

Cell length 2.5 m (=1.25 m + 1.25 m)
Num er of Bd segment 2
Length of Bd segment 0.2 m

Space between Bd segment 0.1 m
Angle between Bd segment -8 deg

Number of Bf segment 2
Length of Bf segment 0.2 m

Space between Bf segment 0.1 m
Angle between Bf segment +16 deg

Relative displacement btw Bd and Bf +/- 0.154 m
Length of straight section 0.75 m
Fringe length L (Tanh x/L) 0.125 m

-Bd/Bf 0.44
Field index m 1.58 m^-1

vFFA baseline parameters 



Tenability 
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Tuning knobs 
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DA is important figure because of nonlinearity of all orders.
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Several options to realise the fields.

Flat coil

Bedstead

Two solenoids

beam

beam

beam

(I. Rodriguez, et al)

Hardware R&D 
superconducting magnets (1)
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Solve Biot-Savart law inversely to find coil shape 
(S. Brooks at BNL). 
Fringe field shape and length are free parameters!

Analytical model

Coil configuration

Engineering feasibility

Flat coil with 
complex current 
density

(S. Brooks)

Hardware R&D 
superconducting magnets (2)
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Parameter Value

Average radius (25/2*pi) m

Energy range 3 – 12 (17.0) MeV

Harmonic 2

RF frequency range 1.91 – 3.8 (4.5) MHz

Injected bunch dp/p 
(6σ)

+/- 0.0075 [0.045 
MeV]RF voltage 5 kV per turn

Magnetic Alloy cavity is also being considered.(D. Kelliher and R. Mathieson)

Hardware R&D 
RF specifications and prototype
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Preliminary design of the FFA BPM, 
modelled in CST

Scaled-down CST model of the WCM, to illustrate extreme shaping of the ferrite (these red bits, 1mm 
thick).

Diagnostics for rectangular aperture.
700 mm

60 mm

(C. Wilcox and E. Yamakawa)

Hardware R&D 
diagnostics
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vFFA lattice for muon acceleration



vFFA for muon 
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Fixed field No need to ramp the magnetic field unlike RCS. It has huge 
momentum acceptance.

Zero chromaticity Wide momentum range of acceleration such as a factor of 30 
with fixed field magnets within a reasonable aperture.

Fixed path length like 
linac

For ultra relativistic particles, revolution frequency is constant. 
High-Q fixed frequency cavity can be used.

Scaling condition is 
separate from 

geometry
Shape of the ring is independent of scaling condition. Long 

straight insertion is a possibility.
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Momentum range 10 - 300 GeV/c

Circumference 12 km*
Maximum field 12 T*
Number of cell 1000

Radius 1910 m

FODO cell length 12 m

Length of straight section 2 m
Length of magnets 4 m

Field index m 8

Orbit excursion 0.425 m
Tune per cell in decoupled space (0.3109, 0.2239)

* this is simply because the design is not optimised.

10 to 300 GeV/c 
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Top view

Side view

(Expanded)

0.
45

 m

0.36 degree bend per cell

Bd Bf

Orbit 
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Bx: Longitudinal

By: Horizontal

Bz: Vertical
+15 T

-15 T

+15 T

-15 T

+1.5 T

-1.5 T

Significant cancellation of the normal bending by 
reverse bending in this design.

12 m

Magnetic fields 



10 to 100 GeV/c 
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Momentum range 10 - 100 GeV/c

Circumference 3.6 km

Maximum field 4.7 T
Number of cell 300

Radius 573 m

FODO cell length 12 m

Length of straight section 1.2 m
Length of magnets 4.8 m

Field index m 5.6

Orbit excursion 0.41 m
Tune per cell in decoupled space (0.3163, 0.0835)
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When the total number of cells is large, say more than 300, and the bending 
angle per cell is small, e.g. less than 1 degree, it is easy to find the lattice with 
large m.
Dynamic aperture with large m could be an issue. This is study in the future.

vFFA for muon 
observation
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Summary
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1.25 MW, 1.2 GeV proton driver is designed as ISIS-II.

Flexible and energy efficient features of FFA could potentially give the best 
design as a proton driver for neutron and muon source.
At RAL, we started feasibility study for the next 7~10 years of FFA development 
including a test prototype ring as well as conventional ring (RCS/AR) study.

vFFA shows clear advantage for muon acceleration.

Summary  
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Thank you for your attention.
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Proposal of “electron cyclotron”
by Tihiro Ohkawa

“If path length can be kept constant in the 
fixed field accelerator, ultra relativistic 
particles like electrons and muons can be 
accelerated continuously with fixed RF 
frequency.”

Stephen Brooks reinvented 50 years later.

Bull. APS 30, 20 (1955)
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Physical 
[pi mm mrad]

Normalised
[pi mm mrad] 

Half size [mm]

Beam core (ISIS-II) 100 100 +/- 32

Collimator acceptance 
(ISIS-II) 200 200 +/- 45

Vacuum chamber 
acceptance (ISIS-II) 400 ~ 800 400 ~ 800 +/- (63 ~ 89)

Beam core in Test-R 
(simple scale of 1/6) 16.7 1.33 +/- 5.33

Collimator acceptance 
(simple scale of 1/6) 33.3 2.67 +/- 7.5

Vacuum chamber 
acceptance (1/6) 66.7 ~ 133 5.33 ~ 10.7 +/- (10.5 ~ 14.8)

Beam core in Test-R 
(enlarged) 33 or 67 2.7 or 5.3 +/- 7.5 or +/- 10.7

Collimator acceptance 
(enlarged) 67 or 133 5.3 or 10.7 +/- 10.7 or +/- 15.1

Vacuum chamber 
acceptance (enlarged) 

(enlarged)

133 ~ 267 or 267 ~ 533 11 ~ 21 or 21 ~ 43 +/-(15 ~ 21) or +/-(21 ~ 30)

c.f. Norm emittance of linac beam (rms) ~ 0.25 pi mm mrad.
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Kinetic energy 0.4 to 1.2 GeV
Number of cell 25

Cell length 6 m
Straight length 2.4 m

Field index 0.88 m^{-1} +/- ?%
Magnet length 2 x 0.25 m with 0.1 m space

Bd/Bf ?
Angle between 2 segments 0 for Bd, 0 for Bf (see figure)

Relative displacement between Bd and Bf 0.350 +/- ? m
Inner aperture ? mm^2
Coupling angle Depends on tune

Nominal cell tune (0.2252, 0.1366)
Orbit excursion 0.79 m when m=0.88

Fringe extent of Tanh 0.30 m
Parameter table is updated on the ISIS/Shares holder.
“MainParametersISISIIandFETSring_v.X”
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To change tune, the field gradient m has to change.
When m changes, orbit excursion changes.
Extraction orbit position depends on tune.

pe
pi

= exp

✓
m

m0
log
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pe
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◆

0

◆
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m pe/pi Final energy 
[MeV]

1.2 1.7 8.5

1.6 2.0 12

2.0 2.4 17
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<latexit sha1_base64="BbmKb2ZLWqAj/1u2Jpd6UqT/6mY=">AAAB6nicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKfloJymNBB5KljCCrZMeRF/1/WpQC+ZAqyQsSBUKNPr+V2+gSCaotIRjY7phkNoox9oywum00ssMTTEZ4yHtOiqxoCbK56dO0ZlTBihR2pW0aK7+nsixMGYiYtcpsB2ZZW8m/ud1M5tcRzmTaWapJItFScaRVWj2NxowTYnlE0cw0czdisgIa0ysS6fiQgiXX14lrYtaGNTC+8tq/aaIowwncArnEMIV1OEOGtAEAkN4hld487j34r17H4vWklfMHMMfeJ8/WOaN0w==</latexit><latexit sha1_base64="BbmKb2ZLWqAj/1u2Jpd6UqT/6mY=">AAAB6nicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKfloJymNBB5KljCCrZMeRF/1/WpQC+ZAqyQsSBUKNPr+V2+gSCaotIRjY7phkNoox9oywum00ssMTTEZ4yHtOiqxoCbK56dO0ZlTBihR2pW0aK7+nsixMGYiYtcpsB2ZZW8m/ud1M5tcRzmTaWapJItFScaRVWj2NxowTYnlE0cw0czdisgIa0ysS6fiQgiXX14lrYtaGNTC+8tq/aaIowwncArnEMIV1OEOGtAEAkN4hld487j34r17H4vWklfMHMMfeJ8/WOaN0w==</latexit><latexit sha1_base64="BbmKb2ZLWqAj/1u2Jpd6UqT/6mY=">AAAB6nicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKfloJymNBB5KljCCrZMeRF/1/WpQC+ZAqyQsSBUKNPr+V2+gSCaotIRjY7phkNoox9oywum00ssMTTEZ4yHtOiqxoCbK56dO0ZlTBihR2pW0aK7+nsixMGYiYtcpsB2ZZW8m/ud1M5tcRzmTaWapJItFScaRVWj2NxowTYnlE0cw0czdisgIa0ysS6fiQgiXX14lrYtaGNTC+8tq/aaIowwncArnEMIV1OEOGtAEAkN4hld487j34r17H4vWklfMHMMfeJ8/WOaN0w==</latexit><latexit sha1_base64="BbmKb2ZLWqAj/1u2Jpd6UqT/6mY=">AAAB6nicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKfloJymNBB5KljCCrZMeRF/1/WpQC+ZAqyQsSBUKNPr+V2+gSCaotIRjY7phkNoox9oywum00ssMTTEZ4yHtOiqxoCbK56dO0ZlTBihR2pW0aK7+nsixMGYiYtcpsB2ZZW8m/ud1M5tcRzmTaWapJItFScaRVWj2NxowTYnlE0cw0czdisgIa0ysS6fiQgiXX14lrYtaGNTC+8tq/aaIowwncArnEMIV1OEOGtAEAkN4hld487j34r17H4vWklfMHMMfeJ8/WOaN0w==</latexit>✓
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<latexit sha1_base64="tIfNxAJXNaRAD2tY1u0Y2QPRjmY=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEYwD8guy+zkbjJk9sHMXSEs29r4KzYWitj6B3b+jZNHoYkH7uVwzr3M3BOkUmi07W9rZXVtfWOztFXe3tnd268cHLZ1kikOLZ7IRHUDpkGKGFooUEI3VcCiQEInGN1M/M4DKC2S+B7HKXgRG8QiFJyhkfwKdSWEWKNuqBjPUx8K00RBXSUGQzzzbb9Stev2FHSZOHNSJXM0/cqX2094FkGMXDKte46dopczhYJLKMpupiFlfMQG0DM0ZhFoL59eUtBTo/RpmChTMdKp+nsjZ5HW4ygwkxHDoV70JuJ/Xi/D8MrLRZxmCDGfPRRmkmJCJ7HQvlDAUY4NYVwJ81fKh8xkgia8sgnBWTx5mbTP645dd+4uqo3reRwlckxOSI045JI0yC1pkhbh5JE8k1fyZj1ZL9a79TEbXbHmO0fkD6zPHwGpmeA=</latexit><latexit sha1_base64="tIfNxAJXNaRAD2tY1u0Y2QPRjmY=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEYwD8guy+zkbjJk9sHMXSEs29r4KzYWitj6B3b+jZNHoYkH7uVwzr3M3BOkUmi07W9rZXVtfWOztFXe3tnd268cHLZ1kikOLZ7IRHUDpkGKGFooUEI3VcCiQEInGN1M/M4DKC2S+B7HKXgRG8QiFJyhkfwKdSWEWKNuqBjPUx8K00RBXSUGQzzzbb9Stev2FHSZOHNSJXM0/cqX2094FkGMXDKte46dopczhYJLKMpupiFlfMQG0DM0ZhFoL59eUtBTo/RpmChTMdKp+nsjZ5HW4ygwkxHDoV70JuJ/Xi/D8MrLRZxmCDGfPRRmkmJCJ7HQvlDAUY4NYVwJ81fKh8xkgia8sgnBWTx5mbTP645dd+4uqo3reRwlckxOSI045JI0yC1pkhbh5JE8k1fyZj1ZL9a79TEbXbHmO0fkD6zPHwGpmeA=</latexit><latexit sha1_base64="tIfNxAJXNaRAD2tY1u0Y2QPRjmY=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEYwD8guy+zkbjJk9sHMXSEs29r4KzYWitj6B3b+jZNHoYkH7uVwzr3M3BOkUmi07W9rZXVtfWOztFXe3tnd268cHLZ1kikOLZ7IRHUDpkGKGFooUEI3VcCiQEInGN1M/M4DKC2S+B7HKXgRG8QiFJyhkfwKdSWEWKNuqBjPUx8K00RBXSUGQzzzbb9Stev2FHSZOHNSJXM0/cqX2094FkGMXDKte46dopczhYJLKMpupiFlfMQG0DM0ZhFoL59eUtBTo/RpmChTMdKp+nsjZ5HW4ygwkxHDoV70JuJ/Xi/D8MrLRZxmCDGfPRRmkmJCJ7HQvlDAUY4NYVwJ81fKh8xkgia8sgnBWTx5mbTP645dd+4uqo3reRwlckxOSI045JI0yC1pkhbh5JE8k1fyZj1ZL9a79TEbXbHmO0fkD6zPHwGpmeA=</latexit><latexit sha1_base64="tIfNxAJXNaRAD2tY1u0Y2QPRjmY=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RtAzaWEYwD8guy+zkbjJk9sHMXSEs29r4KzYWitj6B3b+jZNHoYkH7uVwzr3M3BOkUmi07W9rZXVtfWOztFXe3tnd268cHLZ1kikOLZ7IRHUDpkGKGFooUEI3VcCiQEInGN1M/M4DKC2S+B7HKXgRG8QiFJyhkfwKdSWEWKNuqBjPUx8K00RBXSUGQzzzbb9Stev2FHSZOHNSJXM0/cqX2094FkGMXDKte46dopczhYJLKMpupiFlfMQG0DM0ZhFoL59eUtBTo/RpmChTMdKp+nsjZ5HW4ygwkxHDoV70JuJ/Xi/D8MrLRZxmCDGfPRRmkmJCJ7HQvlDAUY4NYVwJ81fKh8xkgia8sgnBWTx5mbTP645dd+4uqo3reRwlckxOSI045JI0yC1pkhbh5JE8k1fyZj1ZL9a79TEbXbHmO0fkD6zPHwGpmeA=</latexit>

Nominal m=1.6
Nominal momentum 
ratio=2

Prepare magnets and RF 
for acceleration to 17 
MeV.

baseline (David’s talk)


