4.7 Magnetic Measurements

It is essential to know all the magnetic fields in MICE to the level of 10-3 and this requires a careful measurement system. This will be based on local meaurements associated with a calculated field reconstruction. The precision of such a measurement system relies on the knowledge of the locations of the sensors and of the positions of the superconducting coils in space. Therefore a precise knowledge of the geometric data of the superconducting coils is needed. Figure 4.7-1 shows schematically how the magnetic field measurement and monitoring system works.

The location of the magnetic sensors depends on what part of the experiment they are connected to: 1) for the cooling part of the experiment the magnetic sensors should be placed outside the vacuum vessel, if possible in high field gradient regions; 2) for the spectrometers the sensors should be placed within the magnet, near the fibre layers. A support structure that holds together all of the detector components and magnetic sensors is needed. The positions of the sensors with respect to all of the coils must be known.

In all the cases the sensors must be placed in planes perpendicular to the beam axis, approximately on the same radius and at 120( azimuthally to each other. Figure 4.7-1 shows a scheme for the positioning of the sensors. 

[image: image1]
Figure 4.7-1. A schematic of the positions of magnetic sensors with respect to the magnet coils in MICE.

The magnetic measurement scheme proposed for MICE has already been developed for the ATLAS experiment at CERN and most of the components exist. The sensors have been developed by CERN and NIKHEF and are based on 3D hall probes with the associated electronics. Figure 4.7-1 shows a picture of such a sensor. The sensor needs to be calibrated for a range of magnetic fields up to 4.5 T. The field sensors will have to be upgraded for fields up to 4.5 T, following a development already underway for the CMS experiment.

Table 4.7‑1 summarizes the characteristics of the probes and gives the level of precision needed in their positioning. In order to reach the maximum precision, the calibration of the sensors has to be performed against NMR probes, for all three space orientations, in a 4 T field having homogeneity of 10-5 T over 1 dm3. In such a case, if one knows the position of the superconducting coil within 1 mm, the axis of the magnetic system can be determined with an accuracy of around 0.2 mm. 

The method for making the magnetic measurement once the magnet system is assembled is as follows: 1) survey the position of each sensor around the experiment with a theodolite; 2) power each coil separately to reconstruct its respective position in space knowing its current and geometrical shape; 3) power the whole experiment and make the field reconstruction in the experiment knowing the currents, the positions of the sensors and magnets, and the relative displacements of the magnets due to their attraction or repulsion.

Table 4.7‑1 Characteristics of the Hall Effect sensors

	
	MICE requirements

	Magnetic field
	4.5 T

	Precision
	( 2x10-4 ( B ) T

	Spatial precision in positioning
	1 mm

	Angular precision in positioning
	2 mrad
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Figure 4.7-2. A picture of one ATLAS magnetic sensor with its electronics.
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