Detection of DC electric field using electro-optical crystals
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Introduction

Standard Beam Position Monitors (BPM) are intrinsically insensitive to beams with no temporal structure, so-called DC beams, which many CERN experiments
rely on. We therefore propose a novel detection technique in which the usual BPM electrodes are replaced with electro-optic (EO) crystals. When exposed to an
electric field, such crystals change their optical properties. This can be exploited to encode the electric field magnitude onto the polarisation state of a laser beam

crossing the crystal. An additional -

5O crystal, placed outside the vacuum chamber, can be used to control the system’s working point and to introduce a

sinusoidal modulation, allowing DC measurements to be performed in the frequency domain. This contribution presents the working principle of this

measurement technique, analytical results for a double-crystal optical chain and the experimental data taken on a laboratory test bench.
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Analytical estimation of the resolution

I I = I I
K i [A] | [Hz] | [mm] | [dB]
‘ 4 i Lpm |
= ad i scope 2.8 39 45 30 3e3
| custom | 2.8 100 45 73 0.1
I | custom | 0.28 | 100 45 75 1
[ Data processing system custom | 0.28 100 80 75 2.5
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