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ABSTRACT

A bunched beam intensity measurement system for the CERN Extra Low ENergy Antiproton (ELENA) ring, using a cylindrical shoe-box electrostatic pick-up from the existing
orbit system [1], is presented. The system has been developed to measure very challenging beam currents, as low as 200nA corresponding to intensities of the order of 10’
antiprotons circulating with a relativistic beta of the order of 10-2.

In this work we derive and show that the turn-by-turn beam intensity is proportional to the baseline of the sum signal and that, despite the AC-coupling of the system, the
installed front-end electronics, based on a charge amplifier, not only guarantees the preservation of the bunch shape (up to a few tens of MHz), but also allows for an absolute
calibration of the system. In addition, the linearity of the intensity measurements and their independence with respect to average beam position is evaluated using a standard
electromagnetic simulation tool. Finally, experimental measurements throughout typical antiproton deceleration cycles are presented and their accuracy and precision are
discussed.
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ELECTROSTATIC PICK-UP AS A CHARGE MONITOR
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CONCLUSIONS

A system capable of measuring low intensity (few 107 charges) antiproton beams, when bunched during the CERN ELENA deceleration cycle, was presented. The system is
based on the sum signal from a circular linearly cut electrostatic PU also used by the ELENA orbit system. It has been shown that the baseline shift, caused by the high pass
transfer function of the PU can be used to measure the absolute intensity, provided that the system bandwidth covers all relevant harmonics of the bunched beam
spectrum. The baseline shift method does not seem to be affected by relativistic effects, as indicated by the CST simulations (only =1 and B=0.6 evaluated). When
compared to voltage amplifiers, the use of charge amplifiers as the first amplifier in the chain gives an advantage in terms of sensitivity, though stray capacitance sets a limit
to the absolute accuracy of the intensity measurement if the feedback capacitor is taken to very low values. In this system the feedback capacitor is approximately 1pF and
the estimated sensitivity gain 30dB.

It has been shown, via simulations, that the position sensitivity of the sum signal is negligible, making an electrostatic PU an interesting intensity sensor.

Measurements from the ELENA system were presented. Since no alternative reliable intensity measurement exists in ELENA, not only the operators’ task of providing
optimized beams for the experiments is difficult, but also our task of validating our measurements becomes challenging. The absolute accuracy of the system is currently
limited by the accuracy of the knowledge of the capacitance of the feedback capacitor, including its stray capacitance once mounted and used in the charge amplifier
configuration. For these reasons, at present, this system is only used to obtain relative measurements and further studies will be done with the goal of providing absolute
intensity measurements.




