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Objective
・Design isochronous field with a iron-less coil system.

(trun coil omited)
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→decide current on Main coil *7, Sector coil *4, trim coil * n

Super conductor Normal conductor

Sector CoilBeam we want to accelerate



       

Method

       

magnetic field

“Auto analyze” using OPAL-cycl

OPERA-3D

       OPAL- orbit finder

 for closed orbitE0, r0

SEO calculation for every 1 MeV
Obtain : νr, νz, ravg, Bavg, Berror

       Decide coils’ current with least square method 

Modify current  
according to Berror

       Gordon Algorithm Initial magnetic field  
goal

Optimized field, with Berror < 0.1 %

Loop



       

Gordon Algorithm

・Beam orbit is not circle in isochronous cyclotron.
→simply modifying magnetic field with  factor doesn’t give a isochronous field. γ

Gordon Algorithm, 
Needed : Fourier coefficient of  
                sector field in each .r
Get:  profile that produce  
       isochronous field on beam orbit.

B(r)

Fourier transformation of  
sector field.



・Realizing  from Gordon Algorithm with  
   least square fitting method.

B(r)

Deciding coils’ current

 [kG]B0(r)

 [cm]r

Isochronous field on circle  

Fitted Gordon Algorithm field  
from least square method

 profile, (sector field not include)B(r)



Orbit finder

・Calculating magnet field  with OPERA 3D.B(r, θ)

       

Orbit finder
Needed : Magnetic field B(r, θ)
Get:  that make closed orbit. 
       of each orbit.

E0, r0

νz, νr

Input file

Output file



Orbit finder
Output file

・From the output file, tune diagram can be plotted. 

νr

νz

・Decide if sector field (flutter) is enough from  νz



       

“Auto analyze”
・with  in hands, the quality of closed orbits and  
   magnetic field can be analyzed with OPAL-cycl.

B(r, θ), r0, E0

→Different  for each calculation.r0, E0

→one orbit per calculation. Not so efficient. 

Auto Analyze (all done in python)
① create  input file “data.txt”r0, E0

data.txt

② start opal calculation with subprocess module,  
    with CALL,FILE in input file
③ accumulate … from .stat 

    to output file.

Bparticle, E, x(t), y(t)

Repeat ①②③ for all closed orbit E0, r0



“Auto analyze”
・With … of each closed orbit in hands,  

   Useful data like  can be obtained.

Bparticle, E, x(t), y(t)

Bavg, ravg, F2, Berror

→With , modify the “goal” of least square fitting. Berror



Example of optimization

～12%Berror

～0.1%Berror

Before optimization

3rd optimization
12st optimization

・Calculation time, accuracy depends on nstep in OPAL file.

～0.1%Berror



Some problems

・Minimizing  seems better, according to AEO calculation result.Terror

・Using a same magnet field, analyze result   and  is different.Terror Berror

 : -0.2% ～-0.07%Berror

 : -0.05% ～0.07%Terror

・One need to choose between minimizing  or Berror Terror



Summary
・Combing python and OPAL, magnetic field can be optimized. 

・AEO calculation has proven the optimized field is  
  highly isochronous. 

Energy gain

AEO, using optimized field


