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The Low Angle Tagger is designed to measure energy and position of electrons from Bhabha process in small angles from 27.5 to 83.1 mrad. The LAT consist of two tungsten sampling calorimeters in the very forward region on both sides of the interaction point. The sensitive to the particle medium of the detector will be silicon diodes.


The luminosity measurement requires precision alignment of the LAT detectors and stable, precision placement in reference to the interaction point. The beam pipe becomes as a suitable reference because the Beam Position Monitors are mounted inside the vacuum pipe. This allows us to correct the real LAT detectors position in respect to the beam position.


The precision measurement of the beam pipe dimensions will be necessary. We intend to base on Opal Luminometer experiences.    

There are four tasks:

· Measurement of the beam pipe dimensions in the lab.

· Radial metrology and mechanical design of the LAT detectors.

· Initial alignment of the LAT detectors in the forward region.

· On line system to measure displacement of the LAT detectors.
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Measurement of the beam pipe dimensions

· Set of gauge blocks to measure the length of the pipe.

· Laser interferometer 

Radial metrology and mechanical design of the LAT detector

· The photolithographic techniques used to produce silicon diodes easily define pad structure with sub-micron accuracy. The visible boundaries in wafer aluminization provide very good reference to the diode surface.

· The long focal length microscopes can be used to check and align silicon wafers. The distance between microscopes can be calibrated with laser interferometer.

· Precision reference dowels to align tungsten/silicon stack.

· Precision spacers to control the distance between the layers of the calorimeter.

· Cooling system to prevent thermal expansion of the detector.  

Initial alignment of the LAT detectors in the forward region

· Stable supports for the calorimeters.

· Standard optical survey of the detectors.

· Special survey using laser interferometer.
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On line system to measure displacement of the LAT detectors

Optical systems

· Laser interferometry measures displacement of the mirror glued to the detector. Simple interferometers have the accuracy of the (/2 (for the He-Ne laser 632nm/2=316nm). More sophisticated models reached the accuracy up to (/2048 (for the He-Ne laser 632nm/2048=0.30nm). Interferometry needs the continuous laser beam. To measure the absolute distance the chariot with the mirror has to travel between points of interest.

· Lasertriangulation. The position detector (CCD or position sensitive Si diode) observes the laser spot on the surface of the detector at small angle. The resolution is about 0.1(m for the 2mm measuring range. The linearity is 1(m but can be precisely calibrated.

· Fotonic sensor. Fotonic probe contains two sets of optical fibers. Light-transmitting fibers and light-receiving fibers are bundled together in three different configurations (random, hemispheric and concentric). Displacement measurement is based on the interaction between the field of illumination of the transmitting fibers and the field of view of the receiving fibers. Fotonic sensors have the resolution up to 0.03(m (range 1) with the linear range limited to 140(m. For ~2mm linear range the resolution is about 0.25(m. The linearity can be precisely calibrated.

· Fine pixel CCD matrix offers x, y measurement in a single position detector. Pixel size is now in order of 5(m on the 7*7 mm matrix size. The size of the laser beam spot illuminating CCD can be 50-100(m. Simple algorithm will calculate the center of the ellipsoid. 

· Optical grating position sensor (laser encoder). Resolution is about 1(m but needs a movable chariot.
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Conclusions

We propose, very preliminary, two systems to measure on line the position of the LAT detectors:

1. The Fotonic sensor for the z (along the beam) distance measurement can be used. Three such detectors will also control the tilt of the LAT calorimeter. The advantages of this sensor are:

· Small probe head, just end of the ~3mm fiber.

· Lightweight probe to be attached to the flange of the beam pipe.

· All electronics and laser can be placed outside the TESLA detector.

· Only fibers have to be feed near the LAT detector.

· Continuous laser beam is not necessary i.e. power fault, laser change/repair.

2. Fine pixel CCD sensor to measure x, y and ( position of the LAT. The CCD detector should be glued to the rear face of the calorimeter. The laser beam can be distributed via optical fiber. The laser spot will be formed by collimator or optics. The advantages of  this measurement are:

· Small and lightweight collimator/optics to be attached to the flange of the beam pipe.

· Laser can be placed outside the TESLA detector.

· Continuous laser beam is not necessary i.e. power fault, laser change/repair.

· Only some cables and fiber have to be feed near the LAT detector.

We see also some problems:

· Radiation hardness of the CCD sensor and electronics. The CCD will be placed between rear side of the LAT calorimeter and tungsten shield and probably the radiation dose will be not so high.

· Background from the particles. The position measurement can be done in the time slot between trains when beams are not present. The speed of the CCD sensor is sufficient to do that. 
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