Electrostatic/Magnetostatic model for

the EDM Experiment

(Part 1)

I. Introduction

The EDM experiment requires static electric and magnetic fields surrounding a target volume.  The electric field should be as strong as possible and uniform over the target region to better than 1%.  The default design has a single HV plate flanked by two target cells and parallel ground plates.  (See Fig. 1.)  The DC magnetic field needs to be uniform to 0.1% over the target volume.  The default design is a cos(θ) magnet, which is an iron-free coil configuration that produces a relatively uniform dipole field.  The design also assumes a superconducting shield around the target region to exclude external fields.  The connections into the target region require penetrations whose effects need to be investigated.
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Figure 1.  Cutaway view of the target region.  The HV plate is in red.  The ground plates are green and the SQUID enclosures are in blue.  The target cells are not visible.  The LHe enclosure is purple and the superconducting shield is ugly yellow.

II. Initial parameters of the electrostatic model

The parameters of the plates are initially taken to be:

  Thickness:
5 cm

  Length
76.5 cm (z)

  Half Width
12.5 cm (y)

  Spacing
7.6 cm (x)

The radius of the LHe enclosure is 30 cm.  The dielectric constant of LHe is 1.05.  The dielectric constant of Lucite is taken to be 3.0, however, it is temperature dependent[1] and the correct value at LHe temperature is not known.  (See Fig. 2.)
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Fig. 2.  Dielectric constant for Lucite as a function of temperature and frequency.

The inside dimensions of the target cell are:

  Length
50 cm in z

  Width
12.5 cm

  Height
7.6 cm

  Wall thickness
1.3 cm  (walls recessed into plates)

III. Electrostatic Analysis

The calculations are performed using the ANSYS 5.7 finite element modeling code.  Most of the electrostatic analysis uses a 2D static model with fixed voltage boundary conditions.  The symmetry of the problem allows modeling ¼ of the area.  However, early results were obtained using only symmetry about the y axis.  (Note that the y axis in the model is the x axis in the EDM coordinate system.)  Figure 3 shows E-field contours in the LHe volume for the initial configuration.  The Lucite target walls are recessed into the HV and ground plates.  The maximum E field is at the edge of the HV plate, not in the target cell.  The uniformity of the field in the cell is not good: a ~40% variation. 
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Figure 3.  E field contours in the LHe volume for 100 KV on HV plate.

The E field in the gap should be ~13 KV/cm.  Note that the maximum field is 25.7 KV/cm.  This configuration doesn’t come close to meeting the design criteria.  Figure 4 shows a configuration with much better uniformity in the target cell: ~0.1%.  However, the Lucite light guides next to the plates have been eliminated and the width of the plates has been increased.  
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Figure 4.  Configuration with lengthened plates and side walls only.

The configuration in Fig. 4 meets the criterion for field uniformity.  However, the peak field at the edge of the HV plate is too high.  Also, eliminating two of the four Lucite cell walls may result in an unacceptable loss of light from the cell.  These issues will be reconsidered later, but first a look at the magnet design.

IV. Design of the cos(θ) magnet

The original input for the coil was imported via an igs file exported from unigraphics.  The procedure was to create nodes from keypoints, then source elements from nodes.  This transformed the coil shown in Fig. 5 into the idealized arrangement shown in Fig. 6.
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Figure 5.  Unigraphics model of cos(θ) coil.
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Figure 6.  Idealized version of coil.

The parameters of the coil are initially taken to be as follows:

  Radius of coil: 
25 cm

  Half length: 

54.5 cm

  Number of turns: 
20 coils, spaced at 2.5 cm

The requirement of 0.1% uniformity in B field must be met over a fiducial volume that encompases both cells.  The half dimensions for the fiducial volume are:

  10 cm in x (field direction);

    6 cm in y; and

  25 cm in z.

The modeling used the 3D scaler magnetostatic formulation.  The B field was calculated in a test volume of 1/8 of a cylinder.  (See Fig. 7.)  The boundary conditions are:

  flux normal on the y-z plane symmetry axis,

  flux parallel on the x-y and x-z symmetry axes, and

  flux parallel on the external surfaces to simulate the superconducting shell.

The ANSYS model used SOLID96 elements with a characteristic size of 2 cm.  Swept meshing is used with hexahedral elements.
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Figure 7.  Contours of Bx on the surface of the volume modeled.

Figures 8 and 9 show profiles of Bx vs z and x, respectively.  The field shape is sensitive to the position of the superconducting shield.
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Figure 8.  Profile of Bx vs z along the z axis.
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Figure 9.  Profile of Bx vs x along the x axis.

V. Position of the superconducting shield

The uniformity of Bx in the target cell region was studied as a function of the position of the superconducting shell.  Model results were calculated for shell radii of 30, 40, 50, 70, 80, and 90 cm.  For some radii, the half-length of the shell was set to 55, 60, and 75 cm.  The results showed that the optimum radius of the shell was about 40 cm and the optimum half length was 55 cm.  Contours of Bx for one example of the position of the superconducting shield are shown in Fig. 10. 
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Figure 10.  Contour plot of Bx for a position of the superconducting shell at r = 50 cm and half length of 75 cm.

Even for the optimum position of the shield, the uniformity of the field in the target region did not meet the design specification.  By increasing the length of the coil, the uniformity along the z axis improved.  Half lengths of 54.5, 74.5, and 99.5 cm were modeled.  See Fig. 11.
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Figure 11.  Uniformity of Bx for a coil radius of 25 cm and a half length of 99.5 cm.  The values shown at the corners of the fiducial volume are in units of  % deviation relative to the central field.

However, the variation along the x axis shown in Fig. 11 is still too large.  To improve this, the outer turn of the coil was moved in by ½ spacing.  The revised coil geometry is shown in Fig. 12 and the result is shown in Fig. 13.
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Fig. 12.  Outer coil loops moved in by ½ spacing.
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Figure 13.  Result for uniformity of B after modifying coil.

VI. Effect of penetrations

The modification to the coil also created an opening sufficiently large to permit the HV to penetrate the coil without the need to distort the coil.  Next the effect of a penetration in the superconducting shield was modeled.  See Fig. 14.
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Figure 14.  Illustration of the model volume including a penetration of the superconducting shield for the HV connection.

The effect of this penetration is minimal as shown in Fig. 15.  There is a degradation of uniformity in the y direction, but this can be cured by tweaking the radius of the superconducting shield.
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Figure 15.  Uniformity of the Bx field after including the penetration shown in Fig. 14.

The position of the superconducting shield is at a radius of 40 cm and a half length of  102 cm.

The field uniformity illustrated in Fig. 15 does not quite meet the design spec.  Presumably a slight tweaking of the radius of the superconducting shield would reduce the deviations for y ≠ 0 to an acceptable level.  However, the accuracy of the model has not been established at the level of 0.1% and the dimensions of the HV plates and ground shield (= the coil radius) may still need to be modified to meet the E field criteria.
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