Crystal Collimator 

Laser Angle Gauge

9/1/04 Todd Johnson


The Tevatron Crystal Collimator system requires a measurement of the yaw angle of the silicon channeling crystal in order to map out the optimal channeling position. The previous incarnation of this system at RHIC utilized a HeNe laser and CCD camera with a computer to analyze the deflection of the laser and calculate the crystal angle. The resolution of this system was listed as 20 microradians.  It was desired to implement a more compact measuring instrument with higher angular resolution for use in the Tevatron.


The Tevatron Laser Angle Gauge also uses a laser beam reflected off the face of the crystal, the transverse displacement of which at some known distance is proportional to the crystal angle. This laser is a 635 nM diode module with variable focus. In order to minimize the effect of transverse motion of the crystal on the angle measurement, it was desired to make the incident and reflected beams essentially collinear. This was accomplished by using an optical isolator comprised of a polarizing splitter prism and a quarter wave plate. The emitted vertically polarized laser light is reflected at the prism and passes through the wave plate, where the polarization state is converted to RH circular. Upon reflection at the crystal the polarization changes to LH circular, and when it passes back through the wave plate, it is converted to horizontal polarization. This return beam is not reflected by the splitter prism and so passes straight ahead, through an adjustable attenuator and onto the position detector. The position detector is a double-anode photodiode (PSD) manufactured by Hamamatsu.  This device has a sensing surface of 1x3mm and produces two currents whose ratio is proportional to the centroid position of the incident illumination. The PSD currents are then processed in a delta/sigma circuit to yield a position signal. A kilohertz bandwidth output is available, and also a 10Hz low pass filtered output is provided to average out noise from the processor board as well as any mechanical vibration. The position resolution with a 12 bit converter is better than 1 micron, corresponding to an angular resolution of approximately 1 microradian.

The entire optical head attaches to an existing mounting bracket that formerly supported a folding prism in the original laser gauge apparatus. The gauge is aligned using a CCD camera temporarily mounted in the return optical path, which allows the laser to be targeted onto the crystal. There is no means for establishing an absolute zero angle reference other than the initial optical survey of the crystal. The gauge itself is zeroed by translating the position detector with a linear stage until the laser spot is centered and the position signal reads zero volts.  An internal temperature sensor is provided to allow correlation of any anomalous angular motion with temperature effects on the structure.
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