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• Understand solenoid-based cooling channel using Toy model
• Single Solenoid Coil
• Multiple Solenoid Coil
• Multiple Solenoid Coil and polarity flip for every other coil

Scope of this talk
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Single Solenoid Coil
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Fernow coil (referred from PRSTAB 10, 064001 (2007)
• Coil length = 400 mm
• Coil inner radius = 400 mm
• Coil thickness = 100 mm
• Current = 100 Amp/mm2

Coil length L

Coil inner radius r

Coil thickness t



• Conventional Solenoid Focusing Model 

• As the formula shows, the focusing length is 
independent from the coil geometry 

 Thin lens approximation
• The estimated focusing length is  

1
𝑓

=
𝑒𝐵𝑧

2𝑚𝛾

Single Solenoid Coil
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Solenoid center (z = 500 mm)

 profile on coil axis z 
(Tesla)

𝑩𝒛

m𝒇 = 𝟎 . 𝟑 



Single Solenoid Coil
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Solenoid center (z = 500 mm)

Solenoid center (z = 500 mm)

Focusing strength seems too strong to focus particle
Probably, focusing length should be longer than coil 
length ( )𝒇 > 𝑳

𝒙 (𝒎𝒎) 𝒚 (𝒎𝒎)



Single Solenoid Coil
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Solenoid center (z = 500 mm)

𝒙 (𝒎𝒎) 𝒚 (𝒎𝒎)

When the coil length 200 mm (half from original length)
 0.5 m

𝑳 =  
𝒇 =

Particle is focused at z ~ 1000 mm

Particle is 
focused at z 
~ 1000 mm

Solenoid center (z = 500 mm)



Multiple Solenoid Coil
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Fernow coil (referred from PRSTAB 10, 064001 (2007))
• Coil length = 400 mm
• Coil inner radius = 400 mm
• Coil thickness = 100 mm
• Current = 100 Amp/mm2
• Period length = 1000 mm
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Multiple Solenoid Coil

 profile on coil axis z (Tesla)𝑩𝒛

Each peak appears at the coil center

FIG.1 in PRSTAB 10, 064001 (2007)
𝑩𝒛

𝜷̂



Multiple Solenoid Coil
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𝒙 (𝒎𝒎) 𝒚 (𝒎𝒎)

Tracking of single particle which has position offset
• Oscillate around the magnet center (reference orbit)
• Oscillation not stable even though initial angular momentum is included

•

• Mismatching is not critical issue for Twiss parameter study though we will figure out 
matching issue later

𝑳 = 𝒙𝒑𝒚 − 𝒚𝒑𝒙

200 MeV/c𝒑 =  



Multiple Solenoid Coil
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𝒙′￼ (𝒓𝒂𝒅)

𝒙 (𝒎𝒎)

Red: Initial phase space

Blue: Observed at z = 2500 mm

• Evolution of phase space in 
Fernow channel

• Although the phase space is 
filamented due to a non-linear 
motion, the Twiss parameters can 
be extracted

~𝑴 =

 0.0382 m 𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =

Virtual detector 
location (z=2500 mm)

 profile on coil axis z (Tesla)𝑩𝒛

 0.057 m 𝜷̂𝝋~
𝝈𝟏,𝟏

𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =



Multiple Solenoid Coil
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𝒙′￼ (𝒓𝒂𝒅)

𝒙 (𝒎𝒎)

Red: Initial phase space

Blue: Observed at z = 3000 mm

• Evolution of phase space in 
Fernow channel

• Although the phase space is 
filamented due to a non-linear 
motion, the Twiss parameters can 
be extracted

~𝑴 =

 0.0356 m 𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =

Virtual detector 
location (z=3000 mm)

 profile on coil axis z (Tesla)𝑩𝒛

 0.87 m 𝜷̂𝝋~
𝝈𝟏,𝟏

𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =



Multiple Solenoid Coil
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FIG.4 in PRSTAB 10, 064001 (2007)

Our analysis agrees well with
Fernow’s results

• 0.87 m @ 0.2 GeV/c

•  0.057 m @ 0.2 GeV/c

𝜷̂𝑴𝑨𝑿 =  

𝜷̂𝑴𝑰𝑵 =

Stop band

Transmission efficiency



Multiple Solenoid Coil
Flipping polarity of every other coil 
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+ - + - + - + - + - + - + - + - + - + -

 profile on coil axis z (Tesla)𝑩𝒛



Multiple Solenoid Coil
Flipping polarity of every other coil 
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𝒙 (𝒎𝒎) 𝒚 (𝒎𝒎)
200 MeV/c𝒑 =  

Tracking of single particle which has position offset



Multiple Solenoid Coil
Flipping polarity of every other coil 
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𝒙′￼ (𝒓𝒂𝒅)

𝒙 (𝒎𝒎)

Red: Initial phase space

Blue: Observed at z = 5500 mm

~𝑴 =

 0.010 m 𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =  0.18 m 𝜷̂𝝋~
𝝈𝟏,𝟏

𝑫𝒆𝒕(𝚺𝟒)𝟏/𝟒 =

• Evolution of phase space in flipped 
channel

• No filamentation appears (see slide 
10 to compare with non-flip case)



• Reproduce key results from the first part of Fernow’s PRSTAB paper
• Recalculate and verify beta functions
• Reproduce stop band structure
• Analyze both non-flipping and flipping solenoid configurations

• As the next step, introduce tilted coil configuration 

Conclusion & Next step
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