SLAC-PUB-6615 June 1994 (T/E)

Work supported by Department of Energy contract DE–AC03–76SF00515.

Measuring Micron Size Beams in the SLC Final Focus*D. McCormick, M. Ross, S. DeBarger, S. Horton-Smith, C. HuntT. Gromme, L. Hendrickson, L. A. Yasukawa, G. SherwinStanford Linear Accelerator Center Stanford University.Stanford, California 94309C. Fritsche, K. McGinnisAlliedSignal Inc. Kansas City Division **, Kansas City, Mo. 64141-6159AbstractA pair of high resolution wire scanners have been built and installed in the SLC final focus.The final focus optics uses a set of de-magnifying telescopes, and an ideal location for a beamsize monitor is at one of the magnified image points of the interaction point. The image pointchosen for these scanners is in the middle of a large bend magnet. The design beam spots hereare about 2 microns in the vertical and 20 microns in the horizontal plane. The scannerspresented a number of design challenges. In this paper we discuss the mechanical design of thescanner, and fabrication techniques of its ceramic wire support card which holds many 4 and 7 umcarbon wires. Accurate motion of the wire during a scan is critical. In this paper we describetests of stepper motors, gear combinations, and radiation hardened encoders needed to producethe required motion with a step resolution of 80 nanometers. Also presented here are the results ofscattered radiation detector placement studies carried out to optimize the signal from the 4micron wires. Finally, we present measurements from the scanner.INTRODUCTIONWire scanner beam size monitors are used throughout the Stanford Linear Collider(SLC) to make beam profile and emittance measurements.[1,2]. After the conclusionof the 1993 SLC run, the final focus optics were upgraded to provide improvedchromatic correction. As part of this upgrade, five new scanners were added to boththe north and south final focus. One of these scanners is located at an image of the interaction point (IP), and itprovides a direct estimate of the vertical beam size at the IP. Because of its location,this scanner plays a particularly important role in measuring the properties of theincoming beam and the performance of the final focus optics. At this wire scanner,the design §x and §y are small, and the horizontal dispersion is a few centimeters. Theaspect ratio of the beam at this scanner is ten to one. The primary goal of this scanneris to measure the vertical beam size and the x-y coupling to within 5% at the full SLCrepetition rate and current.MECHANICAL DESIGNThe location of the IP image is at the center of a large bend magnet. Two types ofscanner installations were considered. One design required cutting the steel of themagnet in half, moving the sections apart and building separate coils for each of theresulting halves. A standard SLC wire scanner design, [1] which moves at 45ß withrespect to the horizontal, would have been used. Another option required boring avertical hole through the middle of the magnet. A wire scanner with a* Work supported by Department of Energy contract DE—AC03—76SF00515.** Operated for the U.S. Department of Energy under Contract No. DE—ACO4—76DP00613.

vertical motion was needed for this design. The impact of the magnetmodifications, the performance required of the wire scanner, and the costs of eachdesign were considered. Given that a scanner with vertical motion can make all therequired measurements, and that calculations of the effects from the hole in themagnet indicated only minor field distortion, the scanner with the vertical motionwas chosen. Measuring the vertical beam size is done using a horizontal wire. Thex-y coupling and the x beam size measurements are obtained by using two sets ofwires; one at –5 degrees and another at –15 degrees with respect to the horizontalwire. The angles of theses wires with respect to the beam must be known to –3.0milli radians in order to maintain the required measurement accuracy. The scanneris built so that the angle of the wires with respect to the beam could be measuredand adjusted after the scanner installation. The wires are accurately fixed to aceramic fork which was indexed to surveyor tooling balls on the top of the scanner.Adjusting the angle of the wires is accomplished by having the slide and shaftassembly mounted on a circular saddle. The scanner can be rolled until the wiresare at the correct angle with respect to the beam.WIRE CARD FABRICATIONThe wire scanner card is fabricated from a 4.50 x 3.75 x 0.27 inch thick 99.5%alumina substrate (a herman). Machining the herman is done using a CO2 laser.Parts of the herman are cut away to reveal the outline of the wire card, a two tinefork. The wire card is left attached to the herman in several locations. Thisprovides a means of handling the card without risk of contamination and aids in theinstallation of the carbon wires. Tooling holes in the card are ground to exacttolerances using a diamond jig grinding machine. These holes are used to mate thewire card precisely to the shaft of the wire scanner. After the wires are attached, thecard is scored along the attachment points and broken out of the herman. V-shaped grooves shown in Fig. 1 were machined into the surface of the card toprecisely locate the carbon wires. The grooves are approximately 14 microns wideand 20 microns deep. The machining was performed using a excimer laser with ahigh precision X-Y table. Since the location of the grooves are referenced to thecard’s tooling holes, the position of each wire on the wire scanner is known.

Figure 1. A seven micron carbon wire is positioned in a V groove cut in analumina substrate.Attaching the wires to the fork proved to be difficult. The initial approach was toplace a mask over the card leaving only the tines exposed. Titanium and thenpalladium was sputtered over the wire filled grooves. It was believed that thiswould seal the wires in place with a "blanket" of metalization. Two problemsprevented this technique from working. The metalization did not adhere to the tinesin the areas where the excimer laser machining was performed. This was found tobe caused by a fine non-adhering alumina particulate[3] left behind after theexcimer laser machining. This problem was solved by refiring the card at 1400 ßCbefore the wires were placed in the grooves. The particulates were sintered to thecard, providing a solid substrate for the metalization process. The metallizationadhered to the wires and the tines, but cracks developed between them, and thewires still pulled easily out of the grooves. To solve this, the wires were solderedinto the grooves using a 48.5% Sn / 51.5% In solder preform. The solder wasreflowed in a nitrogen belt furnace using no flux. A finished wire card is shown inFig. 2.Figure 2. A finished wire card is shown above. The –15, –5, and 0 degreewires, and the diamond ground holes which precisely position the card on theshaft the wire scanner are shown. WIRE SCANNER MOTIONStandard SLC wire scanners use a stepper motor with 200 full steps perrevolution. The motor drives a ball screw with a lead of 2mm per revolution,producing a linear motion of 10 microns per full step. The 2 micron vertical spotsat the scanner require a much finer step resolution. Microstepping divides fullsteps of a stepping motor into 125 smaller microsteps. For this scanner,microstepping improved the step resolution to 80 nanometers. A test facility wasconstructed to measure the uniformity of the motion. A linear optical encoder witha resolution of 50 nanometers was used to measure slide motion.[4]. A leastsquares linear fit to the encoder data was performed and the residual from the fit to the data is shown in Fig.3. Depending on which part of a normal step a two micronbeam sampled, the measurement error could be as large as 30%. These errorswere too large to meet the measurement goals for these scanners. Three attempts were made to reduce this error. The microstepping module usedfor the tests has a feature that resets the motor to the nearest full step. This forcesthe scan to begin from the start of a full step. It was hoped that the error would besimilar enough from one scan to the next to allow a correction. Unfortunately, themotion varied at different motor speeds and different slide positions and thecorrected data had an error equal or larger to the original. Another attempt at