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OVERVIEW
Coil length: 500 mm, Inner diameter of the 1st winding: ~105.4 mm
➢ Optimum integral design is valuable in such short magnets.

Topics to be covered:

1. Overall magnet design

2. Assuring desired margin – a minimum of 65% on the load line

3. Field along the path of electron beam – both inside and outside 

the magnet (a recent area of major concern)

Magnetic design requirements of B0ApF with the Corrector Package:

❑ 1.05 T.m for B0ApF (highest among the recent options)

❑ 0.6 T.m horizontal dipole corrector (includes 20% margin)

❑ 3 T skew quadrupole corrector (includes 20% margin)
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Overall Design for 500 mm Long Coil

• 4 layers (2 coil sets) creating 1.05 T.m Vertical Dipole

• 2 layers (1 coil set) creating 0.6 T.m Horizontal Dipole

• 2 or 1 layer(s) (1 coil set) creating 3 T Skew Quadrupole

➢ The order of placement is chosen to balance out the margins between the 

magnets (maximize the minimum).

It turns out that the 2-layers for skew quad gives too much margin. 

Therefore, a single layer skew quad design is preferred (total seven layers). 

A single layer option is accetable in the optimum integral design. 

➢ Extra radial space allowed for leads to reduce construction time and cost.
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Computed harmonics in each of 4 layers of B0ApF dipole

Harmonics at r=25 mm (spec for magnet 1 units?). Easily met (<0.3 unit) in the models.

➢ In direct wind coils, measured harmonics can easily be corrected in the subsequent layers.

➢ Old US definition: b2 is sextupole

Layer #1 Layer #2 Layer #3 Layer #4
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Computed harmonics in each of the 2 layers of Horizontal Corrector Dipole

Harmonics at r=25 mm (specifications for corrector magnets ~10 units?)

Easily met in the computer models (all <0.1 units).

✓ Corrector magnets should not need any correction after the measurements.

➢ Old US definition: 

➢ b2 is sextupole

Layer #1 (5th layer) Layer #2 (6th layer)
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Computed harmonics in each of the 2 layers of Skew Quad Corrector

Layer #1 (7th layer) Layer #2 (8th layer), if needed

Harmonics at r=25 mm (specifications for corrector magnets ~10 units?)

Easily met in the computer models (all <0.1 units).

✓ Corrector magnets should not need any correction after the measurements.
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Basic Model of the 8-layer design for 500 mm-long B0ApF

• 4 layers (2 coil sets) 

➢ creating 1.05 T.m Vertical Dipole

• 2 layers (1 coil set) 

➢ 0.6 T.m Horizontal Dipole

• 1 layer or 2 layers, if needed (1 coil set) 

➢ creating 3 T Skew Quadrupole

Radial space remains the same for both 8-layer design (double layer skew quad) or in 

7-layer design (space for the lead in a single layer quad). Overall design can be fixed. 
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Basic Model of the 8-layer design for 500 mm-long B0ApF

8th layer removed in most cases

Current in the 7th layer doubled
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Field Profile along the z-axis at the Nominal Currents

B0ApF

Horizontal corrector

Skew Quad+Horz

(x = +/- 3 mm)

Nominal currents in B0ApF package:

B0ApF: 1140 A

Horizontal corrector: 1210 A

Skew quadrupole:

860 A (1 layer); 430 A (2 layers)
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Margin Calculations

Operating margins needs to be defined not only for an individual magnet 
(e.g. B0ApF) operating by itself, but also when all  magnets (B0ApF and 
correctors) are energized to their maximum required specifications. 

Once all magnets are energized to their full strength, the current in the 
individual magnet is increased from its nominal 65% strength to 100%.  

Margin is defined for the individual magnet, unless the combination is 
limiting the performance (e.g., when the current in skew quad is @100%, 
the margin could be limited by the dipole because of the additional field 
created by the skew quad). 
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Field at the Nominal Current in 7-layer B0ApF with Correctors
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Field on B0ApF Only (all coils powered @ nominal but hidden)
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Field on the Horizontal Dipole Corrector Coils
(all coils powered @ nominal but hidden)
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Field on the Skew Quad Corrector Coil
(all coils powered @ nominal but hidden)
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Field on All Coils for Margin Calculations in B0ApF 
(B0ApF at 100% all other coils @ nominal 65%)

Currents in B0ApF package for margin calculation:

B0ApF: 1750 A (nominal 1140 A)

Horizontal corrector: 1210 A

Skew quadrupole: 860 A (single layer coil)
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Field on All Coils for Margin Calculations in Horizontal Corrector 
(Horizontal corrector at 100% all other coils @ nominal 65%)

Currents in B0ApF package for margin calculation:

B0ApF: 1140 A

Horizontal corrector: 1860 A (nominal 1210 A)

Skew quadrupole: 860 A (single layer coil)

Horizontal Corrector Only
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Field on All Coils for Margin Calculations in Skew Quad Corrector 
(skew quadrupole corrector at 100% all other coils @ nominal 65%)

Currents in B0ApF package for margin calculation:

B0ApF: 1140 A

Horizontal corrector: 1210 A

Skew quadrupole (one layer): 1320 A (nominal 860 A)

Skew Quad Only
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Margin Calculations for B0ApF

Currents in B0ApF package for margin calculation:

B0ApF: 1750 A (nominal 1140 A)

Horizontal corrector: 1210 A

Skew quadrupole: 860 A (single layer coil)

Quench current for B0ApF: ~2000A 

(with correctors at nominal current)

1140A/2000A = 0.57

We are at 57% of the load line

Requirement: 65% (we exceed that)
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Margin Calculations for B0ApF and the Corrector Package

B0ApF: 1140A/2000A = 0.57

Horizontal Corr: 1210A/2300A = 0.53

Skew Quad: 860A/2400A = 0.36

<57% of the load line in all cases

Requirement: 65% (we exceed that)
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Cross-talk calculations

Impact of B0ApF and corrector field on the electron
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Calculating Small Fields in OPERA3d with High Accuracy

Accuracy of field calculations in OPERA3d (particularly 

when the fields are very small) requires a good 

understanding of the modelling and calculation methods 

used (including potential type, see right).

In early days, everything had to be set manually – a 

laborious process, but we were forced to learn.

Now, it is automated which balances the compute 

requirements and accuracy in most cases, but not all.

Emmanuele Ravaioli (LBL) has been using appropriate 

potential type and geting good results. Some update on 

the mix use of calculation methods for even better. 
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Field along the electron path when B0ApF and correctors are at full strength
(model seems to produce small field through out)

Nodal method seems to give good 

result in the iron and nearby region.

However, field doesn’t seem to fall far 

away as it should.

Correct potential type used (?)

Accuracy might further 

improve with finer meshing.

Integral method seems to give 

good result in the far away region, 

as field goes down to zero.

We may have to rely on the 

combination of two

(more in EM group meeting)
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Summary

• First Phase of the magnetic and overall design of 500 mm long B0ApF 

and corrector coil is done. It seems to satisfy the basic requirements.

• Mechanical and quench protection calculations can now start.

• More field quality optimization, including field harmonics along the 

electron path (done but not processed yet) and harmonics for B0ApF 

and correctors as a function of current needs to be examined.
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