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Overview
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• OPERA3d model for coil optimized with ROXIE and realistic yoke with 
most features (including various holes and angular separation between 
proton and electron beam) present 

• Calculations performed for non-linear iron as a function current with a 
scaling factors of 0.1 to 1.4, in a step of 0.1 of nominal current (8.5 kA)

• Detailed analysis of OPERA3d model for

➢ Peak field in the coil, including location

➢ Magnetic length and field fall-off in the ends as a function of current

➢ Harmonics along the magnet length as a function of current
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2-d Cross-section (optimization and analysis)
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Optimized Coil Ends (with ROXIE)
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Analysis of the 
Optimized End 

Geometry 
(with ROXIE)

Mirror Iron 
Assumed
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OPERA3d Model

Angular separation 

between proton beam 

and electron beam
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Views at the Ends in the OPERA3d Model

Left side Right side

Ends optimized to reduce peak field and harmonics
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Peak Field in the Magnet Ends
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Calculation of Peak Field with OPERA3d (non-linear iron)
Integration method for the coil field to assure a reasonable accuracy

Peak Field:

6.37 T@8.5kA

Peak field from ROXIE

(mirror iron):

7.03 T @8.5 kA

Gradient: 41.8 T/m

Scaled Peak field:

6.42 T for 38.2 T/m
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OPERA3d 
Views (1)

To check if the peak field in the ends 

is not too much over the peak field in 

the body of the magnet
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OPERA3d 
Views (2)

To check 

if the 

peak 

field in 

the ends 

is not 

too 

much 

over the 

peak 

field in 

the body 

of the 

magnet

Yoke 
Hidden
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OPERA3d Views (3)

Locating the 

peak field.

Seems to be on 

the inner layer. 

Not much above 

that in the body

Scale 5 T to 6.5 T

Scale 5 T to 6.5 T

Scale 5 T to 6.5 T

Scale 6 T to 6.5 T
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OPERA3d Views 
(4)

(with coil 
displayed in the 

background)
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Magnetic Length and 

Fall-off of the Field in the Ends

at Different Excitation 
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OPERA3d Calculations (1)@8.5 kA
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OPERA3d Calculations (2)
Gradient @ center 4.174 T/m

Integrated Gradient 14.53 Tesla

Magnetic Length 3.482 meter

@0.85 kA (X=0.1)

@
8

.5
 k

A
 (

X
=

1
)

Notice a change in the magnetic length
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OPERA3d Calculations (3)

Scaled from 8.5 kA
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OPERA3d Calculations (4)
(Gradient normalized to the value in the body) 

Note: An increase in effective length at high currents.

That’s because flux lines in yoke gets pushed out to 

ends which is not yet fully saturated while in body is

Scaled from 8.5 kA



Magnet Division Ramesh Gupta                      Results from OPERA3d Models of Q2pF                            September 20, 2022
19

OPERA3d Calculations (5)
(Change in Effective Magnetic Length) 

Note: An increase in effective length at high currents.

That’s because the flux lines in yoke gets pushed out to 

ends which is not yet fully saturated while in body it is
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OPERA3d Calculations (6)
Scale 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1 1.05 1.1 1.2 1.3 1.4

Current kA 0.85 1.7 2.55 3.4 4.25 5.1 5.95 6.8 7.65 8.075 8.5 8.925 9.35 10.2 11.05 11.9

Gradient @ center T/m 4.174 8.348 12.521 16.678 20.749 24.545 28.070 31.499 34.875 36.550 38.218 39.880 41.538 44.840 48.128 51.404

Integrated Gradient Tesla 14.533 29.065 43.597 58.078 72.279 85.595 97.974 110.005 121.840 127.707 133.550 139.370 145.171 156.727 168.229 179.687

Magnetic Length meter 3.482 3.482 3.482 3.482 3.483 3.487 3.490 3.492 3.494 3.494 3.494 3.495 3.495 3.495 3.495 3.496

Transfer Function T/m/kA 4.910 4.910 4.910 4.905 4.882 4.813 4.718 4.632 4.559 4.526 4.496 4.468 4.443 4.396 4.355 4.320

Integrated Transfer Function T/kA 17.097 17.097 17.097 17.082 17.007 16.783 16.466 16.177 15.927 15.815 15.712 15.616 15.526 15.365 15.224 15.100

Change in TF % 0 0.002 -0.002 -0.103 -0.576 -1.989 -3.925 -5.664 -7.159 -7.822 -8.434 -9.002 -9.528 -10.475 -11.301 -12.030

Change in ITF % 0 0.001 -0.003 -0.090 -0.528 -1.835 -3.690 -5.381 -6.846 -7.499 -8.103 -8.665 -9.188 -10.129 -10.954 -11.683
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Field Harmonics Integral and 

Local Variation Along the Axis 

at Different Excitation 
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Field Harmonics Along the Axis from OPERA3d at 8.5 kA (R=100 mm)

Tesla.Meter
Prime Unit

From Integral 

in Tesla.mm
From Integral 

Prime Unit Normalized to 1
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Field Harmonics Along the Axis from OPERA3d at 8.5 kA (R=100 mm)

Field Harmonics Along the Axis from OPERA3d at 8.5 kA (R=83 mm)
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Field Harmonics from OPERA3d at 8.5 kA (R=83 mm)

Non-allowed harmonics across 

the length of the magnet

Is it real ?

Either something happening 

at high fields or meshing or 

some coil description error!
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Field Harmonics from OPERA3d at 0.85 kA (R=83 mm)

Check allowed (B2, 

B6 and B10) and 

Non-allowed 

Octupole harmonic 

(B4) along the 

length of the 

magnet at low fields

Doesn’t look real 

since something is 

happening at low 

fields also. May be 

meshing or some coil 

description error!
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Field Harmonics from OPERA3d at 1.7 kA (R=83 mm)

Check allowed (B2, 

B6 and B10) and 

Non-allowed 

Octupole harmonic 

(B4) along the 

length of the 

magnet at low fields

Doesn’t look real 

since something is 

happening at low 

fields also. May be 

meshing or some coil 

description error!
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Field Harmonics from OPERA3d at 11.05 kA (R=83mm)
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Summary
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Extra Slides
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Magnetic Length - Comparison from Initial Estimates
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Initial estimates(4/13/2022): 3.66 m Current value (8/23/2022): 3.58 m

The two estimated values of magnetic lengths are close. New (current) value 
is a bit smaller than initial estimates since the overall coil length had to be 
a bit lower to make everything fit in the available slot length of 3.8 meter
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Initial 
OPERA3d 

Models

ROXIE (2d)


