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Realistic B-field?
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๏ See last week’s intro talk for examples 

๏ Propose to implement as 3D symmetrical product of two-sided error functions 
(in each dimension) at the edges of the dipole’s active volume   

๏ 1D two-sided error function (smooth turn-on between 0 and 1): 

, where p0 

determines where the drop ends, while p1 determines how fast it drops to 0

f(xi |p0
i , p1

i ) =
1
4

× [2 − Erf ( p0
i /2 + xi

p1
i )] × [2 − Erf ( p0

i /2 − xi

p1
i )]

Magnet volume 
is not centred  

around z = 0 here

Magnet 
volume 
edges
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๏ 2D two-sided error function:  

๏ 3D two-sided error function:  

๏ 2D field map:  since f asymptotes to 1 

๏ 3D field map: 

f(xi, xj) = f(xi |pi
0, pi

1) × f(xj |pj
0, pj

1)

f(x, y, z) = f(x, y) × f(x, z) × f(y, z)

B × f(xi, yj)

B × f(x, y, z)

Realistic B-field?
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Magnet’s material: 
field should be set 
to zero manually

Magnet’s 
volume edges

Magnet volume 
is not centred  

around z = 0 here

Magnet volume 
is not centred  

around z = 0 here

x × y = 33 × 10.8 cm2 x × z = 33 × 102.9 cm2 y × z = 10.8 × 102.9 cm2
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### dipole parameters
zActiveDipoleLengh    = 102.9 # cm
zActiveDipoleEntrance = 100   # cm
zActiveDipoleExit     = 202.9 # cm
xActiveDipoleWidth    = 33    # cm
yActiveDipoleHeight   = 10.8  # cm
BfieldGamLaser        = 1.6   # T
BfieldEleLaser        = 1     # T

### dipole field strength differs 
strength = BfieldGamLaser

### in 1D (for simplicity assuming here the dipole centred at z=0)
s1func = '[0] * ((2-ROOT::Math::erfc(([1]/2+x)/[2]))/2) * ((2-ROOT::Math::erfc(([1]/2-x)/[2]))/2)'
fieldx = TF1("fieldx", s1func, -25,+25)
fieldy = TF1("fieldy", s1func, -10,+10)
fieldz = TF1("fieldz", s1func, -80,+80)
fieldx.SetParameter('p0', strength)
fieldx.SetParameter('p1', xActiveDipoleWidth)
fieldx.SetParameter('p2', 4)
fieldy.SetParameter('p0', strength)
fieldy.SetParameter('p1', yActiveDipoleHeight)
fieldy.SetParameter('p2', 2)
fieldz.SetParameter('p0', strength)
fieldz.SetParameter('p1', zActiveDipoleLengh)
fieldz.SetParameter('p2', 16)

### evaluate a certain point
B = fieldz.Eval(50) ### field strength at z=50 cm

Implementation with PyROOT
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### in 2D (for simplicity assuming here the dipole centred at z=0)
s2func = '[0] * ((2-ROOT::Math::erfc(([1]/2+x)/[2]))/2) * ((2-ROOT::Math::erfc(([1]/2-x)/[2]))/2)\
              * ((2-ROOT::Math::erfc(([3]/2+y)/[4]))/2) * ((2-ROOT::Math::erfc(([3]/2-y)/[4]))/2)'
fieldxy = TF2("fieldxy", s2func, -25,+25, -10,+10)
fieldxz = TF2("fieldxz", s2func, -25,+25, -80,+80)
fieldyz = TF2("fieldyz", s2func, -10,+10, -80,+80)
fieldxy.SetParameter('p0', strength)
fieldxy.SetParameter('p1', xActiveDipoleWidth)
fieldxy.SetParameter('p2', 4)
fieldxy.SetParameter('p3', yActiveDipoleHeight)
fieldxy.SetParameter('p4', 2)
fieldxz.SetParameter('p0', strength)
fieldxz.SetParameter('p1', xActiveDipoleWidth)
fieldxz.SetParameter('p2', 4)
fieldxz.SetParameter('p3', zActiveDipoleLengh)
fieldxz.SetParameter('p4', 16)
fieldyz.SetParameter('p0', strength)
fieldyz.SetParameter('p1', yActiveDipoleHeight)
fieldyz.SetParameter('p2', 2)
fieldyz.SetParameter('p3', zActiveDipoleLengh)
fieldyz.SetParameter('p4', 16)

Implementation with PyROOT
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### in 3D (for simplicity assuming here the dipole centred at z=0)
s3func = '[0] * ((2-ROOT::Math::erfc(([1]/2+x)/[2]))/2)*((2-ROOT::Math::erfc(([1]/2-x)/[2]))/2)\
              * ((2-ROOT::Math::erfc(([3]/2+y)/[4]))/2)*((2-ROOT::Math::erfc(([3]/2-y)/[4]))/2)\
              * ((2-ROOT::Math::erfc(([5]/2+z)/[6]))/2)*((2-ROOT::Math::erfc(([5]/2-z)/[6]))/2)'
fieldxyz = TF3("fieldxyz", s3func, -25,+25, -10,+10, -80,+80)
fieldxyz.SetParameter('p0', strength)
fieldxyz.SetParameter('p1', xActiveDipoleWidth)
fieldxyz.SetParameter('p2', 4)
fieldxyz.SetParameter('p3', yActiveDipoleHeight)
fieldxyz.SetParameter('p4', 2)
fieldxyz.SetParameter('p5', zActiveDipoleLengh)
fieldxyz.SetParameter('p6', 16)

### get the field strength at any xyz
print("field at r=(0.0,0.0,50.0): %.3f [T]" % fieldxyz.Eval(0,0,50))
print("field at r=(0.5,8.0,60.0): %.3f [T]" % fieldxyz.Eval(0.5,8,60))
print("field at r=(0.0,0.0,0.0) : %.3f [T]" % fieldxyz.Eval(0.0,0,0))

### output should be:
field at r=(0.0,0.0,50.0): 0.881 [T]
field at r=(0.5,8.0,60.0): 0.012 [T]
field at r=(0.0,0.0,0.0) : 1.600 [T]

Implementation with PyROOT
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Magnet doc #1
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x:y plane
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Magnet doc #2
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y:z plane x:z plane
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Magnet doc #3
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