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Status of CS-30 in SCU

From：2003

Particles: P, 𝛼𝛼

Operation time: 800h

Status: Production of isotopes
Study on irradiation effect of materials 
Teaching demonstration device 

Purpose: extraction! 
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Status of CS-30 in SCU

Particle Energy（MeV）
Current indensity（uA） Divergence

（fwhm）

Emittance of the 

outer beam（mm-

mrad）
Internal beam Outer beam

P 26 200 60 <1% <50

d 15 300 100 <1% <50
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Magnetic field calculation
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Magnetic field calculation



海纳百川，有容乃大 www.scu.edu.cn/

Magnetic field calculation
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Magnetic field analysis

The central plane of the synchrotron：

𝐵𝐵 𝑟𝑟,𝜃𝜃 = �𝐵𝐵 𝑟𝑟 1 + 𝐹𝐹 𝑟𝑟 𝜃𝜃

Fourier expansion：

𝐹𝐹 𝑟𝑟,𝜃𝜃 = �
𝑛𝑛

𝐴𝐴𝑛𝑛 𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐵𝐵𝑛𝑛 𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

introduce𝑥𝑥 = 𝑟𝑟−𝑟𝑟0
𝑟𝑟0

，𝑢𝑢 𝑥𝑥,𝜃𝜃 = 𝐵𝐵 ⁄𝑟𝑟 𝜃𝜃 �𝐵𝐵 𝑟𝑟0
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Magnetic field analysis

𝑢𝑢 𝑥𝑥, 𝜃𝜃

= 1 + 𝜇̅𝜇′𝑥𝑥 +
1
2
�𝑢𝑢′′𝑥𝑥2 +

1
6
𝜇̅𝜇′′′𝑥𝑥3 + ⋯

+ �
𝑛𝑛

𝐴𝐴𝑛𝑛 + 𝐴𝐴𝑛𝑛′ 𝑥𝑥 +
1
2
𝐴𝐴𝑛𝑛′′𝑥𝑥2 + ⋯ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + �

𝑛𝑛

𝐵𝐵𝑛𝑛 + 𝐵𝐵𝑛𝑛′ 𝑥𝑥 +
1
2
𝐵𝐵𝑛𝑛′′𝑥𝑥2 + ⋯ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐴𝐴𝑛𝑛 = 𝐴𝐴𝑛𝑛 𝑟𝑟0 ,𝐴𝐴𝑛𝑛′ =
𝑟𝑟𝑟𝑟𝐴𝐴𝑛𝑛 𝑟𝑟

𝑑𝑑𝑑𝑑 𝑟𝑟=𝑟𝑟0
,𝐴𝐴𝑛𝑛′′ = [

𝑟𝑟2𝑑𝑑2𝐴𝐴𝑛𝑛 𝑟𝑟
𝑑𝑑𝑟𝑟2

]

𝐵𝐵𝑛𝑛 = 𝐴𝐴𝑛𝑛 𝑟𝑟0 ,𝐵𝐵𝑛𝑛′ =
𝑟𝑟𝑟𝑟𝐵𝐵𝑛𝑛 𝑟𝑟
𝑑𝑑𝑑𝑑 𝑟𝑟=𝑟𝑟0

,𝐵𝐵𝑛𝑛′′ = [
𝑟𝑟2𝑑𝑑2𝐵𝐵𝑛𝑛 𝑟𝑟

𝑑𝑑𝑟𝑟2
]
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Magnetic field analysis

Equation of motion: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑟𝑟
𝑝𝑝𝑟𝑟
𝑞𝑞

𝑑𝑑𝑝𝑝𝑟𝑟
𝑑𝑑𝑑𝑑

= 𝑞𝑞 −
𝑍𝑍𝑍𝑍
𝑝𝑝
𝑟𝑟𝐵𝐵𝑧𝑧

p = 𝑚𝑚𝑚𝑚

q = 1 − 𝑝𝑝𝑟𝑟2

𝐻𝐻 = −𝑟𝑟 1 − 𝑝𝑝𝑟𝑟2
1
2 +

𝑍𝑍𝑍𝑍
𝑝𝑝
�
𝑟𝑟
𝑟𝑟𝐵𝐵𝑧𝑧𝑑𝑑𝑑𝑑

The Hamiltonian function introduce𝑥𝑥 = 𝑟𝑟−𝑟𝑟0
𝑟𝑟0

，𝑢𝑢 𝑥𝑥,𝜃𝜃 = 𝐵𝐵 ⁄𝑟𝑟 𝜃𝜃 �𝐵𝐵 𝑟𝑟0

And let the momentum of the particle 
bep = Zer0�B r0
New Hamiltonian function could be

𝐻𝐻 = − 1 + 𝑥𝑥 1 − 𝑝𝑝𝑟𝑟2
1
2 + � 1 + 𝑥𝑥 µ(x, θ) dx

𝑝𝑝𝑥𝑥 is the regular conjugate of x
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Equilibrium orbits

static equilibrium orbits:

𝑟𝑟𝑒𝑒 = 𝑟𝑟0(1 + 𝑥𝑥𝑒𝑒)

Fourier expansion:

𝑥𝑥𝑒𝑒 = 𝛾𝛾 + �
𝑛𝑛

𝛼𝛼𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝛽𝛽𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑥𝑥𝑒𝑒 = 𝛾𝛾 + �
𝑛𝑛

𝐴𝐴𝑛𝑛
𝑛𝑛2 + 1

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +
𝐵𝐵𝑛𝑛

𝑛𝑛2 + 1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝛾𝛾 = −�
𝑛𝑛

3𝑛𝑛2 − 2
4 𝑛𝑛2 − 1 2 𝐴𝐴𝑛𝑛2 + 𝐵𝐵𝑛𝑛2 +

1
2 𝑛𝑛2 − 1 2 𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛′ + 𝐵𝐵𝑛𝑛𝐵𝐵𝑛𝑛′

𝑟𝑟𝑒𝑒 = 𝑟𝑟0(1 + 𝛾𝛾 + �
𝑛𝑛

𝐴𝐴𝑛𝑛
𝑛𝑛2 + 1

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +
𝐵𝐵𝑛𝑛

𝑛𝑛2 + 1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
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Equilibrium orbits
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Equilibrium orbits

Radial oscillation frequency: 𝑣𝑣𝑟𝑟2 = 1 +
1
2
�𝑢𝑢′ + �

𝑛𝑛

3𝑛𝑛2

4 𝑛𝑛2 − 1 𝑛𝑛2 − 4
(𝐴𝐴𝑛𝑛2 + 𝐵𝐵𝑛𝑛2)

𝑣𝑣𝑧𝑧2 = −�𝑢𝑢′ + �
𝑛𝑛

𝑛𝑛2

2 𝑛𝑛2 − 1
(𝐴𝐴𝑛𝑛2 + 𝐵𝐵𝑛𝑛2)Axial oscillation frequency:
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Equilibrium orbits

𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

= 𝒓𝒓
𝒑𝒑𝒓𝒓
𝒒𝒒

𝒅𝒅𝒑𝒑𝒓𝒓
𝒅𝒅𝒅𝒅

= 𝒒𝒒 −
𝒁𝒁𝒁𝒁
𝒑𝒑
𝒓𝒓𝑩𝑩𝒛𝒛

𝒑𝒑 = 𝒎𝒎𝒎𝒎

𝒒𝒒 = 𝟏𝟏 − 𝒑𝒑𝒓𝒓𝟐𝟐

Equation of motion: Matrix  method:

𝑟𝑟0,𝑝𝑝0 𝑟𝑟0, 𝑝𝑝0 + 𝛿𝛿𝛿𝛿𝑟𝑟0 + 𝛿𝛿𝛿𝛿,𝑝𝑝0

Matrix of transmission

Solving 
equations

𝑟𝑟e,𝑝𝑝𝑒𝑒

iteration
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Equilibrium orbits

𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

= 𝒓𝒓
𝒑𝒑𝒓𝒓
𝒒𝒒

𝒅𝒅𝒑𝒑𝒓𝒓
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= 𝒒𝒒 −
𝒁𝒁𝒁𝒁
𝒑𝒑
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Equilibrium orbits

𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

= 𝒓𝒓
𝒑𝒑𝒓𝒓
𝒒𝒒

𝒅𝒅𝒑𝒑𝒓𝒓
𝒅𝒅𝒅𝒅

= 𝒒𝒒 −
𝒁𝒁𝒁𝒁
𝒑𝒑
𝒓𝒓𝑩𝑩𝒛𝒛

𝒑𝒑 = 𝒎𝒎𝒎𝒎

𝒒𝒒 = 𝟏𝟏 − 𝒑𝒑𝒓𝒓𝟐𝟐

Equation of motion: Matrix  method:

𝑟𝑟0,𝑝𝑝0 𝑟𝑟0, 𝑝𝑝0 + 𝛿𝛿𝛿𝛿𝑟𝑟0 + 𝛿𝛿𝛿𝛿,𝑝𝑝0

Matrix of transmission

Solving 
equations

𝑟𝑟e,𝑝𝑝𝑒𝑒

Strict  requirements for initial values

iteration
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Equilibrium orbits
Our method:

1
34%

2
33%

3
33%

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑟𝑟
𝑝𝑝𝑟𝑟
𝑞𝑞

𝑑𝑑𝑝𝑝𝑟𝑟
𝑑𝑑𝑑𝑑

= 𝑞𝑞 −
𝑍𝑍𝑍𝑍
𝑝𝑝
𝑟𝑟𝐵𝐵𝑧𝑧

p = 𝑚𝑚𝑚𝑚

q = 1 − 𝑝𝑝𝑟𝑟2

1/3 turn
optimization algorithm is used 
to minimize

𝐷𝐷 = (𝑟𝑟𝑒𝑒 − 𝑟𝑟0)2+(𝑝𝑝𝑒𝑒 − 𝑝𝑝0)2

𝒓𝒓𝒆𝒆,𝒑𝒑𝒆𝒆

𝒓𝒓𝟎𝟎,𝒑𝒑𝟎𝟎
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Equilibrium orbits

Why 1/3?

𝐵𝐵/ �𝐵𝐵0
𝐵𝐵/ �𝐵𝐵0

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑟𝑟𝑟𝑟𝑟𝑟)𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑟𝑟𝑟𝑟𝑟𝑟)
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Equilibrium orbits
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Equilibrium orbits
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Conclusion03
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Thanks for your attention
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