
5.3 Cavity Radiation
5.3.1 RF Backgrounds in MICE
When accelerating cavities are operated at high fields they produce dark currents and these dark currents, in turn, produce bremstrahlung x-rays when they strike any solid material. This problem has been recognized early in the muon cooling programme and an experimental program set up to measure and understand them. The total radiation levels are a function of the maximum power of electrons that can be produced, proportional to iEl, with the maximum gradient, E, cavity length, l, and the dark current produced, i. Electrons will be produced at the ends of the cavities and their trajectories will be determined by the magnetic field. X-rays and electrons will interact with the detectors and the radiation levels will determine the shielding required for the MICE enclosure. During normal operation, most of the radiation will be stopped in the hydrogen absorber. During conditioning the absorbers will be empty and a radiation shield has been incorporated between the cavity and in front of the tracker module to protect the tracking detector.

5.3.2 R&D Issues

The present knowledge of the x-ray/electron emission is by extrapolation of measurements on an 805 MHz cavity to the MICE 201 MHz. The expectation is to increase the dark current producing surface by a factor roughly proportional to the cavity area and the energy by the cavity length from a closed cell operating at the same gradient. The magnetic fields in MICE are also somewhat higher, and the domed cavity windows are as yet untested at high electric or magnetic field. The immediate surface of the cavity is also likely to be important. There are experimental indications that TiN coated Be windows may be an interesting route to investigate. It has also been shown in the literature that monolayer coatings of different materials such as Ba can alter field emission by many orders of magnitude. It seems probable that high work function materials such as Ir could also reduce field emission by many orders of magnitude. These options are being pursued both theoretically and experimentally in the MuCool programme.

A MICE prototype RF cavity is under construction and will be subjected to tests in the MTA area at Fermi Laboratory in the near future; to investigate conditioning and dark currents, surface damage and operational stability. A superconducting solenoid is available to provide some information on the sensitivity of this structure to magnetic fields although not at MICE field levels.
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