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Local monitoring of the longitudinal current profile of the NLCTA beam will be performed with several beam-line devices.  These include two resistive gap-monitors and six toroids.  Of the latter, five will be fast-response (� EMBED "Equation" "Word Object1" \* mergeformat  ���<1ns), toroids manufactured by Bergoz.  Because the � EMBED "Equation" "Word Object1" \* mergeformat  ��� solenoid field would saturate such a device, a home-wound toroid with a non-permeable, G-10 core will be substituted in the injector.





The gap monitors consist of short ceramic gaps, breaking the electrical continuity of the beampipe, spanned by resistors across which a signal due to the image current of the beam is detected.  Ten resistors are soldered between two strips of gold-plated, copper finger stock.  This ladder-like arrangement is wrapped around the gap to distribute the resistance azimuthally, minimizing sensitivity to beam position.  One gap monitor will also couple the beam space-charge fields to an external harmonic cavity, whose response will probe intra-pulse bunching.





The toroids are mounted over ceramic breaks in the beampipe and enclosed by specially engineered aluminum housings which provide shorting paths external to the toroids and mechanical rigidity.  These housings support type-N connectors, from which the toroid signals will be brought, along with the gap monitor signals, by heliax cables, through a multiplexer, to an HP 1428A digitizing oscilloscope. The digitizing oscilloscope, multiplexer, and a cpu communicate through a VXI crate.





The fast toroids act as 20-to-1 current transformers with � EMBED "Equation" "Word Object2" \* mergeformat  ��� matching resistors, yielding signals of approximately � EMBED "Equation" "Word Object1" \* mergeformat  ��� per amp of beam current.  The oscilloscope, triggered externally by a PDU derived timing signal, will acquire 8-bit waveforms with a � EMBED "Equation" "Word Object1" \* mergeformat  ��� sampling rate.  These characteristics allow amplitude measurements on the one percent scale and temporal resolution on the � EMBED "Equation" "Word Object3" \* mergeformat  ��� scale.  We will observe the average local current along the bunch train, rather than the shape of individual bunches.  When the injector is upgraded to fill every � EMBED "Equation" "Word Object3" \* mergeformat  ��� rf bucket (� EMBED "Equation" "Word Object4" \* mergeformat  ���), the fine structure may begin to show itself.





The signals may be viewed directly or corrected with a response function as follows.  Waveforms are converted to spectra with an FFT routine, divided by the stored frequency response of the appropriate device, and then reconverted to corrected waveforms.  This is useful for removing signal droop and rise/falltime degradation introduced by the monitoring devices.





Response spectra for each toroid were measured on-the-bench.  The set-up used is illustrated in Figure 1.  Special coax adaptors allowed us to match BNC cables to a beam-pipe section with a rod inserted as a center conductor.  A pulse generator with a rise time of ~� EMBED "Equation" "Word Object1" \* mergeformat  ��� was used to send pulses through this set up, the current on the inner and outer conductors simulating a beam and its image current respectively.  The through signal and the device signal were connected to the two channels of our oscilloscope, and waveforms were acquired and stored simultaneously.  Dividing the Fourier transform of the latter by that of the former yields the effect of the device on the true signal.





As the Fourier spectrum of a square pulse has nodes at intervals of the inverse width, a response function generated from a single such pulse yields spurious noise (division by ~0) at these frequencies.  Attempts to correct a pulse of a different width with such a function causes gross distortions.  It was thus necessary to use many pulses of various widths for each calibration (generally 15–20, ranging from 1ns–~� EMBED "Equation" "Word Object5" \* mergeformat  ���).  The acquired waveforms are � EMBED "Equation" "Word Object4" \* mergeformat  ��� long (8,000 points).  This provides frequency spectra with � EMBED "Equation" "Word Object3" \* mergeformat  ��� spacing, allowing accuracy at low frequency, and ensures that the signal decays to zero by the end of the waveform, avoiding convolution wrap-around.  The FFT's of the through signals and those of the device signals were summed before division.  The resulting response functions were stored in files for use in FFT corrections of beam current signals.





Figure 2 shows an overlay of the tops of a through (� EMBED "Equation" "Word Object5" \* mergeformat  ���input) pulse and the corresponding corrected signal pulse for a fast toroid.  Note the suppressed zero.  Also displayed is the percent difference along the pulses.  The RMS difference over the central two thirds of the pulses is 0.3% of their amplitudes.  This can be reduced slightly by averaging several waveforms together, but some intrinsic jaggedness remains due to response function error.  For the G-10 toroid, residual jaggedness is somewhat larger, about 1—2%.  Response functions will also be recorded for the gap monitors.  Because the geometry of shorting paths provided by beamline supports will not be identical to the bench set-up, these may not completely remove the droop due to the signal decay constant (� EMBED "Equation" "Word Object1" \* mergeformat  ���) but should yield some improvement.





This work was facilitated by use of the Hewlett-Packard software package VEETEST (Visual Engineering Environment).  VEETEST was also used to write a code for running the various beam current monitors and analyzing the measured pulses.  The user interface or front panel is shown in Figure 3.  A scrollable list numbers the available devices.  A slider allows one to select a device.  This slider sets a multiplexer, chooses the appropriate scope channel, selects the right scale factor and correction file, and arranges for the device name to be displayed above the grid after running.  Toggle switches allow one to choose whether to employ the FFT correction and whether to acquire a single pulse or average ten pulses.  The first half of the � EMBED "Equation" "Word Object6" \* mergeformat  ��� waveform is displayed at the upper-right.  For FFT reasons, the scope delay or PDU timing should be set to place the pulse near the location shown.  The large grid zooms in on the pulse in a display extending half its width from either edge. 





The waveform is automatically analyzed, and various results are displayed along the left side of the screen.  The amplitude is measured as the mean value of the points composing the central two-thirds of the pulse, the base-line having been adjusted to zero.  This is done to avoid the effect of rounded edges, although it could give a misleading value for a narrow pulse with long transition times (e.g. a gaussian).  These measurement routines are based on certain assumptions about the pulse shape.  The current amplitude is available in units of amps or � EMBED "Equation" "Word Object4" \* mergeformat  ��� by clicking on the appropriate overlapped display.  The total number of electrons, divided by � EMBED "Equation" "Word Object1" \* mergeformat  ���, is calculated from the integral under the zoomed-in display.  The pulse width is measured between the 50% points (FWHM).  The risetime and falltime are measured between 10% and 90% points.  These are located by stepping outward from either side of the central two-thirds of the pulse.  It is thus assumed that these starting points are above the 90% level, and that the first dip below it is part of the transition.





A linear fit is made to the points composing the central two-thirds of the pulse.  The resulting slope, in amps per microsecond, is displayed to quantify the first-order variation of beam current along the bunch train.  The "Norm. RMS" display indicates how good an approximation of the pulse top the linear fit is.  It is defined as � EMBED "Equation" "Word Object8" \* mergeformat  ���, where � EMBED "Equation" "Word Object9" \* mergeformat  ��� is the number of points, � EMBED "Equation" "Word Object10" \* mergeformat  ��� their values, � EMBED "Equation" "Word Object11" \* mergeformat  ��� the mean, and � EMBED "Equation" "Word Object12" \* mergeformat  ��� the corresponding fit values.  Incidentally, the 10%, 50%, and 90% points are defined with respect to the extrapolation of this fit, not to the mean amplitude.  A similar expression, with (N-1) replaced by (N-2), is calculated for a quadratic fit, and the ratio of the two values, labeled "RMS2/RMS1", is given in an overlapping display to characterize curvature of the pulse top.  A value close to one indicates little improvement by the higher-order fit.





Finally, a reference time is displayed which locates the leading edge of the pulse relative to the trigger.  In the mode shown in Figure 3, the pulse display allows one to measure additional features by means of two draggable markers.  Running of the model is initiated by clicking on the START button.  A beep signals completion.  A sister model operates somewhat differently.  It automatically acquires and completely measures twenty pulses.  It displays the last pulse and the means and standard deviations of the measurements.  Both of these models are subject to change and adaptation.
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