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toroid.

This note describes effects on the magnetic induction due to the gaps within the SDC
muon toroid. The effects were studied using simplified configurations of the SDC muon
toroid and the POISSON program in Ref. 1 which has been used for many years to
calculate 2-dimensional magnetic induction problems at SLAC.

The SDC muon toroid is assumed to be 0.10% carbon steel whose magnetization curve
is shown in Fig. 1. The SDC muon steel assembly is shown Fig. 2 which also shows the
definition of gap 1 and gap 2. Here, gap 2 is greatly exaggerated. Figures 3 and 4 show
simplified 2-dimensional configurations to study the effects on the magnetic induction due
to the gaps. In Fig. 3, octagonal symmetry has been assumed to calculate the magnetic
induction. No symmmetry has been assumed in Fig. 4 and magnetic inductions at the left
and right boundaries may not be useful for our purpose. A current of 4 x 10* ampere-turns
for each point coil has been applied in Fig. 3 to produce a field of about 1.8 tesla in the
toroid. But for the leakage of the magnetic flux in Fig. 4, 2 current of 1.07 x 10% ampere-
turns for each point coil would also result in about 1.8 tesla of the magnetic induction in
the toroid. Figures 3 and 4 also show the size of the toroid and the position of the coil.

Figures 5, 6 and 7 show the total magnetic induction in the toroid for 0.0, 0.4 and
0.6 cm gap 1’s, respectively. These figures show that the gap does not affect much the
uniformity of the magnetic induction. The magnetic flux for the 0.4 ¢cm gap is shown in
Fig. 8. Fig. 9 shows mesh points to calculate the magnetic induction. Two gaps are
shown in Fig. 4; gap 1 is the same gap shown in Fig. 3 and gap 2 is a gap between
layers of the toroid. Because of the leakage of the magnetic flux in figures 10-15, the total
magnetic induction in figures 10-15 is lower than in figures 5-7. In figures 10-15, we are not
interested in the absolute value but in the uniformity of the magnetic induction. Figures
10, 11 and 12 show the total magnetic induction for (gap 1, gap 2) = (0.2, 0.0), (0.4, 0.0)
and (0.0, 0.4) cm, respectively. These figures again show that the gap does not affect much
the uniformity of the magnetic induction, independent of the sizes of the gaps. Figures
13, 14 and 15 show the total magnetic induction for (0.4, 0.4), (0.6, 0.6) and (0.1, 0.2) cm
gaps. Even for the smallest gap of (0.1, 0.2) cm, the uniformity of the magnetic induction
is disturbed. Figures 16, 17 and 18 show the magnetic flux line for the (0.4, 0.0), (0.0, 0.4)
and (0.4, 0.4) cm gaps, respectively.
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In conclusion, what really deteriorates the uniformity of the magnetic induction is the
combined effect of gap 1 and gap 2. The magnetic induction stays uniform regardless of
the size of the gap if there is only one gap (gap 1 or gap 2) and if the size of the gap is not
bigger than 0.6 cm. The magnetic induction stays uniform up to 20 cm from the gap if
there is only gap 1. Finally, it is important to study effects on the momentum resolution
due to these gaps after the structure of the muon toroid steel is determined.
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