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1 The Beam Position Monitor1.1 DescriptionThe Beam Position Monitor (BPM) is a cavity with four antennae rotated at�45o. This angle is to prevent any damage from the synchrotron radiation:
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X’-axis1.2 Beam position calculationWhen the beam passes through one of these cavities, the beam's fundamentalfrequency is picked up on each antennae. The amplitude of this detectedsignal is digitized and the beam's center of gravity is calculated on each axis:3



X 0pos(t) = � [X 0+(t)� (X 0+)0]� �X0 [X 0�(t)� (X 0�)0][X 0+(t)� (X 0+)0] + �X0[X 0�(t)� (X 0�)0]Y 0pos(t) = � [Y 0+(t)� (Y 0+)0]� �Y 0[Y 0�(t)� (Y 0�)0][Y 0+(t)� (Y 0+)0] + �Y 0[Y 0�(t)� (Y 0�)0]From the projection of the X' and Y' axis on the X and Y axis, the positionsof the beam can be determined in two di�erent ways:� Relative position:Xrel(t) = 1p2 � fX 0pos(t) + Y 0pos(t)g �X(t0) (1)Yrel(t) = 1p2 � f�X 0pos(t) + Y 0pos(t)g � Y (t0) (2)� Absolute position:Xabs(t) = 1p2 � fX 0pos(t) + Y 0pos(t)g �XS �XQ (3)Yabs(t) = 1p2 �f�X 0pos(t)+Y 0pos(t)g� YS �XQ (4)The absolute/relative positions of the CEBAF electron beam can be knowneach second (1 s) and correspond to a sampling over 25 points.4



Parameter Comments[X; Y ](t0) Previous positions of the beam at t0[X; Y ]S O�sets from the ideal trajectory of the beam[X; Y ]Q O�sets from the center of the quadrupole placedbefore the BPM� Sensitivity of the BPM at 1497 MHz: � = 18:5 mm� Should be: 0:8 < � < 1:25Voltage o�sets Must be: (X 0+)0 = (X 0�)0 = (Y 0+)0 = (Y 0�)0 = 01.3 Error sourcesTwo di�erent kind of error sources have to be taken into account (see tablebelow):1. Intrinsic errors:� �curr: is how far the beam position readout moveswhen the current changes for a same location ofthe beam;� �time: is the smallest displacement that can beread by a BPM when the beam moves in timeand for a speci�c frequency of the beam;� �rep: is how far the beam position readout movesduring a certain period of time.2. Survey errors:� �ideal: corresponds to the o�set in the locationof the center of the BPM's cavity versus the idealtrajectory of the beam inside the pipe;5



BPMParameter IPM3H00A IPM3H00BElectronic(Voltage o�sets)(X 0+)0 0 0(X 0�)0 0 0(Y 0+)0 0 0(Y 0�)0 0 0SurveyXS 0.1100 0.0400YS -0.5200 -0.5600QuadrupoleXQ 0 0YQ 0 0Calibration gain�X 1.8192 0.7330�Y 1.0063 0.8935
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� �quadr: corresponds to the o�set in the locationof the center of the BPM's cavity versus the mag-net placed just before it in the beamline.Source AccuracyPosition current dependence (�curr) 1 mm for 8 < I(�A) < 80Position time dependence (�time) < 0:05 mm at 60 HzReproducibility (�rep) 0:04 mm at 1 �A ; 100 �sIdeal trajectory of the beam (�ideal) �0:2 mmCenter of the quadrupole (�quadr)(excluding IPM3H00A and IPM3H00B, �0:5 mmin front of the target)Total accuracy (�1tot)(excluding IPM3H00A and IPM3H00B) �1:14 mmTotal accuracy (�2tot)(including IPM3H00A and IPM3H00B) �1:02 mm1. �ideal corresponds to the survey values. The numbergiven above correspond to the survey values with thenew grider installed in Hall C.2. �curr has been studied in 11/19/95 for 5:3 < I(�A) <23. The results are listed below for the last twoBPMs (see section 3): 7



Position IPM3H00A IPM3H00BX (mm) 5:9) 5:5 6) 5:5�X (mm) �0:4 �0:5Y (mm) �5:0 ) �5:0 �4:3 ) �3:0�Y (mm) 0 �1:31.4 Electronic problemsA study of the position dependence versus the frequency has been madeon the 4 channel-BPMs. Di�erent triangular wave frequencies were injectedin the cavities. The results (readout from the BPMs) show a phase-shiftfrequency dependence (which is constant for each channel):Frequency (kHz) 1 5 10 20Phase-shift (Deg) 1.1 7.2 11.5 15.8Uncertainty (�s) < 2 < 2 < 2 < 22 Improvements2.1 ElectronicsThe CEBAF electron beam passes through a BPM, the frequency which isexcited is the 1497 GHz. The electronics beside the BPMs converts this 1.5GHz to a modulate 1 MHz with a 20 kHz enveloppe (due to the rastersystem). This conversion (high frequency to low frequency) is possible via asuper hyterodyne. For a triangular or a cubic wave (raster system), higherorder harmonics contribute up to 100 kHz. The previous 50 kHz �lter8



has been improved and has a band width of 100 kHz.
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-12.2 CODAThe four signals are recorded with CODA during a data acquisitiontask. Compare to the EPICS con�guration which works at 60 Hz, the HallC users can have a fast readout electronic up to 100 kHz.3 Comparison BPMs/Superharps (november 1995)In 11/19/95, a comparison has been made between the last BPMs (IPM3H00Aand IPM3H00B) and the last Superharps (IHA3H00 and IHA3H00A). TheX and Y positions were recorded for a current range 5:3 < I(�A) < 23.9
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Distance fromElement Name the target(m)BPM IPM3H00A 3.455Superharp IHA3H00 3.290BPM IPM3H00B 1.663Superharp IHA3H00A 1.47310



I (�A) 5.3 9.4 15 20 23BPMsIPM3H00A X (mm) 5.9 6.0 5.8 5.8 5.5Y (mm) -5.0 -5.0 -5.0 -5.0 -5.0IPM3H00B X (mm) 6.0 7.0 6.8 6.5 5.5Y (mm) -4.3 -45.0 -4.5 -3.8 -3.0SuperharpsIHA3H00A X (mm) 0.16 0.15 0.19 0.13 0.14Y (mm) -0.34 -0.39 -0.37 -0.370 -0.47IHA3H00B X (mm) -0.04 -014 -0.02 -0.29 -0.01Y (mm) -0.23 -0.25 -0.51 -0.26 -0.44References1[1] P. Gueye, E. Joe, R. Wallace: Status of the actual Beam PositionMonitors in the Hall C Beamline, (October 1995)[2] P. Gueye, C. Yan, R. Ent, D. Mack: Status of the actual BeamnPosition Monitors in the Hall C Beamline: Electronic FastReadout Study, (October 1995)[3] S. Sha�ner, A. Hoer: Software requirements for BPM control(june 1994)[4] BPM/SEE systems: CEBAF Revision A (march 1994)[5] G. Kra�t, A. Hoer: How the Linac BPMs work, TN93-004(1993)1[1] and [2] are available on =cdaq=documents=NEWSTUFF�HERE=bpm11


