SLAC-PUB-95-6908NANOMETER RESOLUTION BPM USING DAMPED SLOT RESONATOR*S.C. HartmanStanford Linear Accelerator Center, Stanford University, Stanford, CA 94309 USAT. Shintake and, N. AkasakaKEK, Naitonal Laboratory for High Energy Physics, 1-1 Oho, Tsukuba-shi, Ibaraki 305 JAPAN A new type of high resolution beam position monitorcalled the damped slot resonator rf BPM has been installed atthe focal point of the FFTB[1]. It is comprised of a cylindricalresonant cavity with a tuned choke joint at the TM110resonance[2]. The BPM has a large dynamic range from thenm to mm range with a minimum resolution of 1 nm. Wereport on the rf cavity cold tests performance, processingelectronics design, and some experimental results obtained inthe high energy electron beam line.I. INTRODUCTIONPrecise beam position measurement and control aretwo of the many important issues in developing technologiesfor a future linear collider in the TeV region. Typical finalfocus spot sizes at the interaction point of a few 100 nmhorizontally and a few nm vertically pose a considerablechallenge for those hoping to sustain collisions on this smallscale. Nanometer resolution of the beam position will be

Beam

Wake Fields

Wake FieldsTrappedTM110 Mode

AntennaAntenna l/4l/4

* Work Supported by the Departmant of Energy, contractDE-AC03-76SF00515Figure 1. Damped Slot Resonator BPM.required, a most promising candidate for this application is therf BPM.In particular the damped slot resonator design has beenchosen to measure the transverse beam position withnanometer resolution in the final focus system of the FFTB.II. BPM RF CAVITYThe choice of the cavity frequency was dictated by theavailable space at the FFTB focal point where the real estate isin high demand. X-band is too high and the beam pipebecomes too small, whereas S-band has the opposite problem.The cavity diameter would not fit into the existing vacuumchamber so as a compromise C-band was chosen for theoperating frequency.Technically the most difficult problem is to reject theunwanted noise signal from the beam especially the TM010common mode signal. The common mode is the lowest orderTM mode which has a large position independent signal andcan be as much as six orders of magnitude larger than theTM110 position signal. A rejection gain of 88 dB is necessaryin order to be able to sense the position sensitive signal. Adamped slot resonator is employed which accomplishes thiscommon mode rejection. The cavity effectively has only aTM110 mode.As can be seen from figure 1. the damped slot resonator isnot like a conventional rf cavity. It appears more like a gap inthe beam pipe which forms a transmission line on which thebeam wakes may propagate radially away from the axis. Achoke joint is placed lTM110/4 off axis such that the TM110mode is trapped. The structures large slot at the node point ofthe wall current of the TM110 mode, causes most of all thelower and higher order modes to be heavily damped.Therefore, the pick up antenna are located inside the chokeFrequency5712 MHzWavelength52.5 mmCavity Radius32.0 mmSlot Radius15.8 mmBeam Pipe Radius5 mmSlot Height5 mmTransit Time Factor0.99(R/Q)12.2 WShunt Impedance1.2k W/mVoltage into 50 ohms/nm14.5 mV @ 1.6 nCTable 1 BPM Cavity Parameters.

joint where they are only sensitive to the TM110 signal whoseamplitude is proportional to the beam offset from the axis.Table 1. gives the calculated rf cavity parameters and expectedperformance.III. RF COLD TESTThe first step in the cold test tuning procedure entaileddetuning the common mode by -88 dB. This wasaccomplished through careful adjustment of the two couplingantenna which are mounted on micro positioners. It was alsonecessary to add a phase shifter and a variable attenuator toone of the antenna lines to fully cancel the common modesignal which is insensitive to the electron beam offset.Because there is a small amount of leakage of the commonmode into the choke joint where the pickup antenna arelocated it is necessary to pass the two signals through a magictee looking at the difference signal.The electron beam was simulated by placing an antennanear the axis of the rf BPM cavity. A network analyzer wasused in a transmission through experiment, S12, were thepower was radiated from the on axis drive antenna and thedifference signal was measured after the magic tee. Due to thelow power output of the network analyzer a resonant antennawas used to boost the signal strength by 15 dB. The antennawas mounted on a computer controlled piezo-electric crystalmoving stage which was stepped in 20 nm increments for atotal of 1 mm. The resulting cavity signal versus antennaoffset data was fit to a line which was then subtracted from thedata to yield a 20 nm resolution on the cold test bench. Theresolution was limited by the low signal power and also themicro seismic mechanical vibrations in the antenna supports.The raw data for the rf cavity signal versus the piezo moverposition is plotted in Figure 2. below.

- 1- 0 . 8- 0 . 6- 0 . 4- 0 . 20.2

Position Signal (a.u.)

1s=20nmPZT Position (mm)

Figure 2. BPM Cavity Response Vs. Piezo Mover Position.IV. SIGNAL PROCESSING CIRCUITThe rf detection circuit is shown in figure 3. The rfcavity signal is amplified using a low noise, NF=0.8dB, andhigh gain, 28 dB, amplifier at 5712 MHz. A remotelycontrolled variable attenuator, 0-64 dB, is placed at the outputof the magic tee to increase the dynamic range of the systemand a limiter is placed before the high frequency amplifier foroff axis pulse surge protection to the rf circuit. The beam canbe misteered if a sub booster trips off and the beam looses alarge amount of energy. The limiter that was used did anexcellent job since the beam was misteered by 1mm and thelimiter protected the sensitive preamp. After the pre-amp hesignal is then mixed down to 500 MHz for transmission out ofthe FFTB experimental tunnel. This done to avoid large lossesand rf pickup noise while transporting a high frequency signalalong some 300’ plus of cable.The front end rf processor, the 5712 MHz end, isplaced as close to the rf cavity as possible inside the shieldingtunnel. Once the cavity signal and the phase reference signalare down converted to 500 MHz they are transported to anexternal electronics building were the BPM signal is rectifiedin synchronous detection mixers using the phase referencesignal. The signal is then fed into a standard FFTB likeNT&H[3] track and hold circuit were it is digitized by a 16 bitdigitizer and sent to the SLC control system.

BPM Stripline Phase Referencerf Mixer

LO5212 MHz

Low NoisePre-Amp.rf Mixer

BPF3% @ 5712 MHz

Amp1.500 MHz5712 MHz

LimiterVar.Atten.0-64dBLow NoisePre-Amp.

BPF3% @ 5712 MHz5712 MHz

Amp1.500 MHz

BPF10% @ 500 MHz

LPF0-50 MHz rf MixerTrack/HoldSCPVariable Phase Shifter

CLC X 10Limiter

20 MHz

Magic Tee

5712 MHzAl. Cavity15 microV/nm-80dB down common mode

Figure 3 Rf Processing Electronics Block DiagramThe design shows a stripline which is to be used asthe phase reference. The stripline is the preferable method ofobtaining a phase reference because a 3% bandpass filter at5712 MHz can be applied to its’ broad band spectrum to selectthe desired phase reference frequency. This gives excellentFM or phase stability referred to the beam. Since the currentin the SLC can be measured to less than 1% the induced AMfluctuation can be removed.The BPM’s read back is also sent into a feedbackloop which controls a dither coil upstream of the focal point tocorrect for low frequency < 2 Hz position jitter. How ever dueto the briefness of the FFTB run the loop was not fullycommissioned and there is no data available for itsperformance at this time. It is interesting to note that all of therf hardware used in the detection circuit is commerciallyavailable off the shelf.Due to experimental difficulties during run time itwas necessary to use a different phase reference source otherthan the stripline. The SLC main linac rf phase reference lineoperates at 476 MHz so it was necessary to frequency upshiftby a factor of 12 to obtain the required phase reference signal.