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Abstract

The magnetic field induced by the superconducting solenoid at MTA may destroy the PMTs in x-ray detectors. The Mu-Metal only seems inadequate to provide required shielding for the detectors closest to the solenoid. Therefore soft-iron tubes are proposed to add additional shielding to those detectors. Simulations via OPERA show this method may work.
Introduction 
MTA electron and X-ray detectors consists of scintillator, lightguide and PMT (photomultiplier tube).  The PMTs are very sensitive to magnetic field. In order to make them work properly, the magnetic field on them must be less than 0.1G. Therefore, they are enclosed with Mu-metal, which has a very high magnetic permeability and is very good at screening DC magnetic field. Also, in order to ensure the magnetic field is small enough, the detectors are placed inside soft-iron tubes which are also capable of blocking the magnetic field out.

In the past, the 8.5” and 7” iron tubes were found not enough for shielding. Therefore, the longer iron tubes with doubled length, i.e., 17” and 14” respectively, are proposed to do a better job. On the old lattice, there were totally 9 iron tubes around 9 detectors with length of 8.5” or 7”. The layout of the nine shields is shown in Fig. 2. 
Magnetic field in MTA hall is generated by two solenoid coils, which are able to produce the peak magnetic field along their central axis of approximately 50000G. Since the 3 detectors closest to the coils are badly disturbed by the magnetic field, and the rest of them are far enough from the coils, we may mainly conconsider the screening efficiency of the iron tubes around the 3 closest detectors. And furthermore, since the distances among these 3 tubes are large compared to their dimensions, we can simplify the problem to study only one tube, i.e., tube 13, which is closest to the solenoid coils among all 9 tubes. The simulations from OPERA show the shielding effect can be dramatically improved by elongating the tube length to 17”. It is able to decrease the total magnetic field on detector 13 from about 100-250G to almost 0.

Simulations and results 
A closer look of the closest tubes No. 12, 13 and 14 is shown in Fig. 3. The simulation is based on tube 13. The y-coordinate of the baseplane of tube 13 is -116.21cm; its inner radius is 3.18cm and outer radius is 3.81cm, with 8.5” or 17” length. Fig. 4 illustrates the plane on which magnetic field is being studied. The plane is the mid-cross-section of the iron tube on y-z plane. The B-H curve of soft iron is also shown in Fig. 1, where B is in Gauss and H is in Oersted.
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Fig. 1. B-H curve of soft iron being used in OPERA
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Fig. 2.
Layout of the MTA iron tubes and solenoid coils
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Fig. 3.
Tubes closest to the solenoid coils
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Fig. 4.
Plane on which magnetic field is being studied.
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Fig. 5.
8.5” tube: Zone map of total magnetic field
In Fig. 5, we can see the effect of iron tube: the magnetic field is mostly concentrated inside the iron, in the region inside, the field is small. And if we take a deep look inside, we have the iso-strength contour maps of magnetic field as Fig. 6 and 7.
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Fig. 6.
8.5” tube: Iso-strength contour map of magnetic field less than 250G, the black region above the highest blue line inside the tube is of Btot < 2.5G
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Fig. 7.
8.5” tube: Iso-strength contour map of magnetic field less than 100G, the black region above the highest blue line is of Btot < 1G
In the figures above, one can see in the most of area inside the 8.5” iron tube, the field is very small, it satisfies the requirement of the detectors wrapped with Mu-metal. However, one can also see at the bottom of the tube, the magnetic field is more than 200G, which may cause some problems, therefore we may consider to elongate the tube to 17” long. The total magnetic field on the surface of 17” tube 13 is shown in Fig. 8.
[image: image8.png]30/0a/2006 17:20:50 a

Surface contours; SQRT(BX*BX+BY*BY+BZ*BZ)
1.000000E +04

2.986184E+01

VF VECTOR FIELDS




Fig. 8. 
17” tube: Total magnetic field on tube surface
The “missing” surface is the region where the total magnetic field > 1T. And if we take a look into the mid-cross-section, one can see the field is almost concentrated near the corner which has the shortest distance to the center of coils.
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Fig.  9.
17” tube: Zone map of total magnetic field on the mid-cross-section plane, the black region inside the tube is of Btot > 1T
Also, the black region is of total magnetic field > 1T. The rest series of figures show the iso-field contour maps with different scales.
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Fig. 10. 17” tube: Iso-strength contour map of total magnetic field from minimum to maximum, the black region inside the tube is of Btot < 1700G
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Fig. 11. 17” tube: Iso-strength contour map of total magnetic field from minimum to 100G, the black region under the lowest blue line inside the tube is of Btot < 2.5G
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Fig. 12. 17” tube: Iso-strength contour map of total magnetic field from minimum to 10G, the black region under the lowest blue line inside the tube is of Btot < 0.25G.
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Fig. 13. 17” tube: Iso-strength contour map of total magnetic field from minimum to 1G

Conclusions

The simulation of 17” tube 13 shows it is able to diminish the magnetic field at the location of detector 13 dramatically. Therefore we can upgrade the 8.5” iron tubes to 17” ones to obtain better screening. Furthermore, the forces on 17” tube 13 calculated by OPERA are Fx= 1.57E-10N, Fy= 13.56N, Fz= 275.03N, and the total force is Ftot= 275.36N. Because the total force is in the order of several hundred Newtons, One can easily fix the tube with some reinforcements.
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