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Introduction to Beam Current Monitor System
- Martin Kesselman

Marty gave an overview of the Beam Current Monitor System to be used in the SNS Ring, HEBT and RTBT. 

The first part of the presentation was an introduction to basic electrical concepts and the types of devices used to measure beam current and position. Major topics covered include

· Quantities to be measured are total number of particles in the beam and the beam current.

· Basics of electrical fields and forces

· Faraday cups are devices inserted into the path of the beam to capture charged particles, thereby measuring beam current directly. They will not be suitable for SNS because they interfere with the beam.

· Wall current monitors measure beam current indirectly by measuring the wall current induced in the metallic beam lines. This current, also called image current, flows in the opposite direction to the beam current. It is typically measured by breaking the beam line and inserting a calibrated resistive section at the point where the current is to be measured. The voltage generated by the current flowing through the resistance is measured and the current calculated.

· Beam position monitors work on a similar principle to the wall current monitors, using multiple semi-cylindrical segments placed inside the beam line to capture current induced by the beam. Segment dimensions are chosen so that, acting as short transmission lines, their characteristic impedance matches that of external co-axial cable used to carry the induced current signal to measuring instrumentation. Because the magnitude of the induced signal from each of the segments is a function of the beam proximity, it can be used to calculate the beam position.
· Current transformers are inductive devices that couple current in one circuit to another circuit. They typically consist of a magnetic core wrapped with a single turn of a conductor forming part of the circuit in which the current is to be measured. A second conductor is wrapped around the core multiple times and forms part of a circuit containing a current measuring device. Since, in the ideal case, the current in the two circuits is related by the ratio of the number of turns, the current in the main circuit can be calculated. Applied to beam current measurement, the transformer core is in the form of a toroid placed concentrically in the beam line. The particle beam then forms the single-turn circuit in which the current is to be measured. Note that the transformer can not just be placed around the outside of the beam line because it would then be measuring both the beam current and the wall current, which would cancel each other out.

· Placing current transformers “inside” a beam line is complicated by practical issues such as vacuum degradation due to outgassing and obstructing the free path of the beam. To get around these problems, the transformer is placed “inside” the beam line in the sense that it surrounds the beam but not the metallic beam pipe carrying the wall current. This is done by inserting a short insulating section in the beam line. The transformer is placed around this section. Finally, a conductive cylindrical shroud surrounds the transformer and completes the circuit for the wall current. This solves part of the problem, but creates others in the form of an impedance discontinuity in the beam line. 
· Testing fixtures have been built to test the deign of the current transformers and the beam line modifications.

The second part of the presentation went into more detail about the design of the SNS system. Major topics covered include

· Ring Beam current readout waveforms show that the current at any point in the ring will consist of a sequence of .5 μs wide pulses over approximately 1 millisecond. Each successive pulse is higher than the previous one, reflecting the increase in current as beam particles are accumulated. 

· Current transformer droop is an exponentially decaying amplitude distortion of the waveform over time. It is a result of the transformer’s bandpass frequency response, which attenuates low frequency signals. It can be compensated by further processing the signal in the front-end electronics. In order to do this accurately, the time constant parameter must be measured for each transformer. Since the parameter may vary over time, the current transformers will have a second winding allowing a calibrating signal to be used for measuring the parameter.

· Location of beam instrumentation in the HEBT, Ring and RTBT

· Analog front end and digitizer electronics






