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Abstract:

The shielding of the magnetic fields produced by the GEM magnet are described in
this memorandum.
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INTRODUCTION AND SUMMARY

The present baseline design for the GEM magnet system is comprised of a single layer
superconducting solenoid and a thin iron pole piece at either end. The magnetic flux
density at the center of the solenoid is 0.8 T. Such a design produces significant magnetic
field levels outside of the bore of the solencid. At the surface of the earth, assumed to be
51 m above the centerline of the magnet, the field is less than 40 Gauss. The flux density
at points outside the magnet system, but inside the experimental hall, varies from 2 kG
to 100 G. Forces produced by the interaction of these magnetic fields with small volumes
of magnetized material are discussed in a previous memorandum [1]. Field levels of this
order may require the shielding of electronics and other magnet systems near the detector.

The shielding of the magnetic fields produced by the GEM magnet are described in this
memorandum. Shielding requirements are investigated for two different regimes. In the
first, local shielding of a region of space that sees approximately 50 G of flux density is
investigated in order to assess the requirements for shielding the fields from a counting
room. In the second case, the impact of shielding on the fringe fields at the surface of the
earth is assessed.

For the first case, a uniform 50 G flux density is assumed and the thickness of iron necessary
to reduce the flux density inside the volume of the counting room to a few Gauss is
calculated. Typical results indicate that thicknesses from 50 to 10 cm will reduce the flux
density to the range of 1 to 3 Gauss for the room size of 20 x 20 x 4 m assumed in the
analysis.

In the second case of surface shielding, three concepts are investigated. They are:

(1) The baseline thin pole design with no iron return frame and a surface plate of iron;
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(2) A thick pole design with iron return frame; and
(3) A double solenoid with a thin pole.

The fringe field distributions for each of the design options will be presented. Along with
the first option, several cases of a large flat iron plate at or below the surface are analyzed.
The second and third options are basically self-shielding.

The fringe field distribution from a thick pole configuration with no return frame was also
calculated. As will be seen, the differences in the fringe field distributions between the thin
and thick pole designs are very small except in the immediate neighborhood of the pole
pieces. Therefore, minor configuration changes of the coil and pole pieces will not have a
major impact on the surface or counting room shielding concepts results presented in this
memo.

FRINGE FIELD DISTRIBUTIONS

Figure 1 shows an elevation view of one half of the hall, solenoid, and pole piece. A section
from the magnet centerline outward is shown. Superimposed on the figure are contours of
constant flux density in Gauss. As seen, in the vicinity of the pole piece, the flux density
is on the order of 2 kG and falls rapidly to 0.5 kG or less over a large fraction of the hall.
These axisymmetric analysis were performed using the two-dimensional, nonlinear, finite
element program MITMAP [2].

Figure 2 shows a similar plot for the thick pole case. As can be seen, there are only
minor differences in the fringe field in the hall except in the immediate vicinity of the pole
piece. Therefore the conclusions reached concerning the shielding requirements both for
the counting room and for the surface are valid for both pole piece configurations.

Figure 3 shows a similar view for a system with a thick pole and a 2.0 m thick iron return
frame. As can been seen the fringe field levels are reduced everywhere. For example, the
surface field has dropped from 40 G to 1 G. An alternate consisting of a 1.3 m return frame
was also analyzed. The fields outside the coil bore are, of course, larger than the 2 m case,
but still less than the no return frame case. For example, the flux density at the surface is
9 G.

Figure 4 shows the dual solenoid with thin pole option. This also is a self-shielded design
in that the fringe fields are greatly reduced. The surface flux density is approximately 1
G.

As mentioned previously, there are several areas that may require shielding. such as the
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counting room and the surface of the earth. The shielding requirements for the first case
is discussed in the next section and the surface shielding is discussed in a separate section.

LOCAL SHIELDING

In order to asses the shielding requirements for regions near the magnet such as the counting
room, an axisymmetric analysis was performed using ANSYS {3]. A cylindrical volume
equivalent to the proposed 20 x 20 x 4 m counting room was placed in a uniform flux density
of 50 G. The thicknesses of the walls and the floor and ceiling were varied independently.

Figure 5 shows a plot of the maximum flux density in the enclosed volume as a function
of the floor and ceiling thickness for several different wall thicknesses. The dashed curves
represent lines of constant iron volume in cubic meters. As can be seen, a 2 G field level is
attainable with approximately 200 cubic meters of iron or 1560 tonnes using a 0.2 m thick
wall and a 0.175 m thick floor and ceiling.

If a 1 G flux density level is required, approximately 430 cubic meters of iron or 3380
tonnes is necessary using .45 thick floor and ceiling and 0.30 m thick walls. Shielding
to a higher level of 5 ~ 10 G is significantly easier and such analyses can be made when
allowable flux density levels are specified.

A lower ambient flux density would allow reduced thickness with basically a lincar depen-
dence, since the iron is in unsaturated regime where the relative permeability is quite high.
For example, shielding an ambient field of 5 G would require 338 tonnes of iron. How-
ever, an increase in the flux density would not scale linearly since the iron would approach
saturation and the lower permeability regime is more nonlinear.

SURFACE SHIELDING

The fringe field produced by the GEM magnet at the surface of the earth has been cal-
culated and presented in elevation views of the hall and magnet for the options discussed
above.

Figure 6 shows a plan view 50 meters above the magnet with contours of constant fiux
density produced by the thin pole baseline. This distance corresponds approximately to
the surface of the earth. The magnet is 50 meters below the surface and centered with
its axis parallel to the z-axis in the figure. As can be seen, the maximum fringe field is
approximately 40 G (Note: the 10* label).

Figure 7 shows a similar plot for the thick pole case. A comparison of figures 6 and 7
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reinforces the statements made about similarity in fringe fields from the thin and thick
pole cases.

Figure 8 shows the surface fringe field plot for the case of a thick pole and a 2 m thick
iron return frame. As can be seen the field level is 1 G. If a 10 G field level is allowed,
a thick pole and 1.3 m thick return frame is sufficient as is shown in Figure 9. Finally,
Figure 10 shows the surface plot for the thin pole and a double solenoid. As can be seen,
the maximum flux density is 2 G and considerably reduced in axial extent.

These figures show that surface fringe field levels of 1 to 10 G are attainable with the
self-shielding options. However, there are significant cost and schedule impacts for such
systems.

One alternative to full seif-shielding is to install an iron plate or a sequence of plates
between the coil and surface in order to shield the fringe fields. Figure 11 shows an
example of such a plate. In this example, a quarter of the solenoid (with the pole piece
omitted) and plate are shown. The planes of symmetry are called out. Also shown is a lip
on the far end of the plate.

A range of plate locations, sizes, thickness and lips were analyzed using ANSYS. The
optional lip was added to redirect the fringing of the field lines as they enter (or leave) the
plate at the ends and, therefore, reduce the fields at the surface.

Table 1 lists some of the cases run, the plate geometry, the plate depth below the surface,
the size of the lip, the flux density on the surface in the geometric center of the plate and
the value at the edge of the plate (the fringing effect), and the iron required.

Several conclusions can be drawn from this table. They are:

(1) A plate closer to the surface will produce a higher amount of fringing over the edges
of the plate at the surface. For example, runs 13, 16, and 17 show essentially the
same flux density magnitude at the surface over the center of the plate but the lower
plates produce between 20% and 40% of the fringing at the surface.

(2) Plates close to the surface need a lip to reduce the fringing field to a value equal to
or below the level of the field at the center of the plate. For example, runs 18 and
19 show that 2 5 m lip, 0.5 m thick reduces the maximum field on the surface from
11 G to 5.6 G — the flux density in the plate is well below saturation. Plates further
from the surface may not require a lip at all.

(3) A 160 x 140 x 0.5 m plate with a 5 m lip that is 1.5 m below the surface shields
the surface to 1.4 G except in the neighborhood of the edge where it rises to 5.6 G.
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(5)

Figure 12 shows the flux density magnitude at the surface versus position along the
surface at the plane of symmetry. The extent of the plate (which is 1.5 m below the
surface) is indicated. As can be seen, the flux density is 1.4 G at the center and falls
to 0.5 G near the edge, but the fringing of the field is evident as the magnitude rises
to 5.6 Gauss at the edge. It is feit that the fringing may be further reduced to the 1.4
G level by varying the depth and thickness of the lip. This case may be compared to
the 2 m thick iron return frame as shown in Table 2.

A 120 x 100 x 0.15 m plate with a 5 m lip that is 1.5 m below the surface shields the
surface to 8 G or less. This case can be compared with the 1.3m thick iron return
frame case — see Table 2.

Finally, it appears surface shielding is possible if the maximum flux density is in the
1 to 10 G range. Optimization of the plate thickness with position and of the lip may
allow a reduction in the weights shown.
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Table 1: Surface Shieiding With Iron Plates

Plate Size
(m)

Dapth
Below
Surface

Plate Lip
to Contro!
Fringing

Peak Surface Fields

Over Coil

Plate Edge

tonnes
of {ron

]

160Lx140W
0.25 thk
(Run #16)

1.5 m

No Lip

27G

8.2G

43,700

160Lx140W
0.50 thk
(Run #18)

1.5 m

No Lip

1.4 G

11G

87,400

160Lx140W
0.50 thk
(Run #19)

I5m

Ln

m Lip

14 G

56 G

90,100

160Lx 140W
0.25 thk
(Run #21)

.5m

n

m Lip

45G

46,400

1 160Lx 140W

0.15 thk
(Run #23)

1.5m

5mLip

58G

41G

28,900

120Lx 100W
0.15 thk
(Run #24)

L5 m

SmlLip

8.1G

7.7 G

16,800

160Lx 140W
0.25 thk
(Run #13)

95 m

No Lip

33G

3.6 G

43,700

160Lx 140W
0.25 thk
(Run #14)

9.5 m

5mLip

34 G

46,400

160Lx 140W
0.25 thk
(Run #15)

95 m

15 m Lip

35G

20G

51,900

160Lx140W
0.25 thk
(Run #17)

135 m

No Lip

42 G

25G

46,400
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Table 2: Comparison of Return Frame and Plate Shielding Options

- - Peak Field at tonnes of
i Shieiding Hardware Description G rou?ld Eili\?ation lron
160L.x140Wx0.50 thk Plate
5 m Lip, 1.5 m Below Ground 1.4 G 90,100
(Run #19)
2 m Thick iron Return Frame 1.0G 30,100
120Lx 100Wx0.15 thk Plate
5 m Lip, 1.5 m Below Ground 8.1G 16.800
(Run #24)
1.3 m Thick Iron Return Frame 8.8 G 19,100
—
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(1] R.D. Pillsbury, Jr., “Fringe Field Dipole-dipole Force Interactions,”Internal
memorandum MIT-GEMEM-01, October, 1991
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(3] ANSYS Revision 4.4A, Swanson Analysis Systems, Inc., Houston, PA.
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