Electrostatic/Magnetostatic model for

the EDM Experiment

(Part 2)

VII. Round two for the Electrostatic Field

Many ideas were tried in an attempt to improve the uniformity of the E field in the cell and to reduce the maximum E field.  An example of a poor idea is shown in Fig. 16; increasing the radius of the HV plate at the edge did not help.
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Fig. 16.  HV plate with “bulb” on edge.
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Increasing the radius of the LHe enclosure grounded cylinder (also assumed to be the radius of the magnet coil) helps, but only slowly as shown in Fig. 17.

Fig. 17.  Maximum E field versus radius of the ground cylinder.

Relatively, much better benefit was gained by increasing the thickness of the central HV plate as shown in Fig. 18.  It was necessary to increase the radius of the ground cylinder to 35 cm.  This configuration has excellent uniformity of the E field in the cell: 0.1% variation for 9 sample points.
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Fig. 18.  E field contours with thickness of HV plate doubled to 4 in.  The flat portion of the plate has a half dimension of 17.5 cm.

Tabular and graphical information for the E field in the configuration of Fig. 18 are given below.
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S           EFSUM   

   0.0000      13.127    

   3.8200      13.123    

   7.6200      13.120    

   10.820      13.119    

   14.620      13.123    

   18.440      13.128    

   21.590      13.135    

   25.410      13.123  

   29.210      13.112

    range:       0.1%
Fig. 19.  E field uniformity data for the configuration of Fig. 18.

If the flat portion of the HV plate is shortened to 15 cm, the peak field increases to    18.77 KV and the uniformity in the cell degrades to a range of 1%.  If the radius of the ground cylinder is decreased to 30 cm, the peak field increases to 23.4 KV.  Even thin walls along the plates are unacceptable.  This configuration is shown in Fig. 20 and had a uniformity range of 21%.
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Fig. 20.  E field contours for thin walls next to plates.

One last attempt for an acceptable configuration with no recess is shown in Fig. 21.  Extending the dielectric on both sides of the vertical cell wall did not help the uniformity.
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Fig. 21.  Extended dielectric.  There are hot spots of the E field in the cell.

Next the issue of recessing the plates to accommodate Lucite cell walls was revisited.  The first step is shown in Fig. 22.  It has a uniformity range of 3%.
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Fig. 22.  E field for adding recess to configuration with “fat” HV plate.

Separating the position of the recess from the cell as shown in Fig. 23 was not helpful.  The range of E field variation increased to 16%.
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Fig. 23.  E Field for configuration with cell separated from recess.

The next series of runs varied the depth of the recess.  The default has the recess equal to the wall thickness of the cell.  Making the recess either deeper or shallower results in a significant increase in nonuniformity.  Thus the default is close to optimum.

Because the field is reduced in the dielectric, the field in the cell is increased.  However, the side wall of the cell extends across the gap.  It was hoped that rounding the inside corner of the cell wall would help shunt the field and help the uniformity inside the cell.  Unfortunately, as shown in Fig. 24, rounding the corners made the uniformity worse.
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Fig. 24.  Inside corners of cell rounded.

It was noted that the field contour “bulges out” of the cell wall and “pushes in” from the opening between plates.  This suggests that shortening the plates might straighten the contours at the cell wall and improve the uniformity in the cell.  This theory was first tried on the model without the recess.  The desired effect occurred for the field contours in the gap, but the field uniformity in the cell got worse.  See Fig. 25.
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Fig. 25.  E field for no recess and shortened plates.  Note hot spots inside cell.

VIII.  Bottom line

Next the technique of shortening the plates to straighten the contours was applied to the configuration with a recess.  For these studies, a smaller cell size was adopted to make a better match to the beam guide.  The half size in x was reduced to 5 cm.  An optimum was found for the plate size of only 10 cm (compared to the default size of 17.5 cm).

Because of the smaller plates, the radius of the grounded cylinder was reduced.  This increased the maximum field, so a compromise was reached at a radius of 30 cm.

The conclusion for the E field configuration is that the version shown in Fig. 26 is acceptable if a uniformity at the few % level is acceptable.  (To achieve a uniformity at the 0.1% level, it is necessary to use a configuration with side walls only, as shown in Fig. 18.)  The peak E field is at the edge of the HV plate.  For the configuration shown, it is 1.6 times that in the cell.  It would be desirable to have the peak E field in the cell, but that is not practical.  The geometry adopted is a compromise between making the apparatus larger and making the fractional field in the gap smaller.
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Fig. 26.  Almost final configuration for E field.

The results for the field uniformity are shown below in tabular and graphic format.  They may be sensitive to details of the meshing.


S           EFSUM   

   0.0000      11.935    


   3.6500      11.638    

   7.4000      11.794    

   9.8000      11.874    

   13.550      11.572    

   17.200      12.045    

   19.700      11.392    

   23.350      11.524    

   27.100      11.307    

Fig. 27.  Uniformity of E field for configuration shown in Fig. 26.

In principle the E field along the symmetry axis should not show any variation.  The 3% spread of numbers in the first column of the display in Fig. 27 indicates inadequacy in the model.  Some time was spend varying the meshing parameters in an attempt to eliminate the variation along the symmetry axis.  These attempts were unsuccessful, but the results were somewhat sensitive to the mesh parameters.  The results for a fine mesh are displayed in Fig. 28.

     S           EFSUM   

   0.0000      11.935    

   3.6500      11.638    

   7.4000      11.794    

   9.8000      11.874    

   13.550      11.572    

   17.200      12.045    

   19.700      11.987    

   23.350      11.523    

   27.100      11.876    

Fig. 28.  Uniformity of E field for configuration shown in Fig. 26 using finer mesh.

To reach the design goal of 1% uniformity in the cell with a minimal change to the geometry, the thickness of the side wall of the cell was made ¼ in. as shown in Figs. 29 and 30.
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Fig. 29.  E field contours with side wall of cell ¼ in.

     S           EFSUM   

   0.0000      11.835    

   3.6500      11.745    

   7.4000      11.689    

   9.8000      11.681    

   13.550      11.746    

   17.200      11.858    

   19.700      11.920    

   23.350      11.841    

   27.100      11.640    

Fig. 30.  Results for configuration of Fig. 29.

In Sec. V the coil radius was 25 cm, so the magnetic field calculations were updated using a coil radius of 30 cm and a half-length of the coil scaled up to 1195 cm.  The field uniformity at the corners of the fiducial region is shown in Fig. 31.
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Fig. 31.  Deviations of Bx at the corners of the fiducial volume for a coil with 30 cm radius and 1195 cm half length.  The superconducting shield is at a radius of 48 cm and half length of 1220 cm.

Because the current design shows a central penetration in addition to that modeled in Sec. VI, the geometry shown in Fig. 32 was modeled and the result is shown in Fig. 33.

[image: image12.jpg]AN

FEB 17 2002

NODAL SOLUTION

09:10:30

=1

TIME

(AVG)

.362E-07
.641E-07

= 1358-07 .837E-08 3078-07 .530E-07

-.362E-07

.1958-07 .4188-07 . 641E-07

-.2788-08

-.251E-07

mppro





Fig. 32.  Geometry with central penetration.  Contours of Bx are shown.
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Fig. 33.  Deviations of Bx at the corners of the fiducial volume for a coil with 30 cm radius and 1195 cm half length.  The superconducting shield is at a radius of 48 cm and half length of 1220 cm with the penetration shown in Fig. 32.

Below is a summary of the “final” dimensions that meet the design criteria:

HV plate: 4 in. thick × 30 cm wide × 80 cm long

Ground plates: 2 in. thick × 25 cm wide × 75 cm long

Gap: 3 in.

Target cell: 3 in. × 4.5 in. × 50 cm

Cell walls: ½ in. adjacent to plates and ¼ in. on sides

Coil radius (ground cylinder): 30 cm

Coil length: 2.4 m

Superconducting shield: 48 cm radius × 2.43 m long

IX.  Future work

Additional modeling is desirable, but it is important to establish the point of diminishing returns.  It is not clear that the model can produce results that are accurate at the sub 1% level, so the level of reliability should be established (e.g. by looking at the stability of the results as a function of meshing parameters).  Also, the model is a simplified version of reality and details of a real apparatus would need to be included if more rigorous results are sought.  A better algorithm is needed to compute the field uniformity over the fiducial volume.  With these caveats, some specific topics for investigation are:

  a 3D model of the E field is needed to address end effects in z and issues of connections,

  the HV variable capacitor assembly should be modeled,

  details of the connecting rod between the HV capacitor and plates should be examined,

  the effect of penetrations on the magnetic field should be modeled more realistically,

  the position of the superconducting shield should be tuned for B field uniformity, and

  the parameters of the cos(θ) magnet should be optimized.

X.  References

1.  Handbook of Chemistry and Physics, The Chemical Rubber Co., Section E.


























































-0.7             -0.8             -1.1











-0.2               -0.2           +0.6











+0.5              +0.7           +1.2








-0.1             +0.6            +0.6











-1.4               -2.0           -2.4











+1.1              +2.0           +1.5











-.02              -.03            -0.1











  0.0              0.0              0.0











+.03              +.04          +0.1








+1.0             +1.7           -3.2











-0.3               -0.9           -1.3














+2.2              +3.2           -2.4








� EMBED Excel.Chart.8 \s ���








_1073989869

_1073991895

_1076833634

_1076834277

_1074015008

_1074570534.xls
Chart1

		30

		35

		40



coil radius

E max

27.19

24.87

23.87



Sheet1

		30		27.19

		35		24.87

		40		23.87





Sheet1

		0

		0

		0



coil radius

E max

0

0

0



Sheet2

		





Sheet3

		






_1073991701

_1065803079

_1073987978

_1073989616

_1066448523

_1065802008

