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Abstract. A new polarimeter is being installed in the Brookhaven AGS, based on the successful proton-carbon polarimeters in RHIC.  The polarimeter will measure the left-right asymmetry for proton—carbon elastic scattering in the Coulomb-nuclear interference (CNI) region, for vertically polarized protons in the AGS.  The polarimeter offers a much higher figure of merit than the existing AGS polarimeter which is based on larger angle proton—proton elastic scattering.  We expect to measure the polarization in the AGS with a single or a few acceleration cycles.  We also plan to measure the polarization in 2 ms bins during the AGS acceleration ramp. Multiple ramps will be necessary, probably over 30 minutes to an hour.

introduction
The RHIC polarimeters scatter the polarized proton beam from an ultra-thin carbon target that is inserted into the beam for the measurement.  Elastic scattering is selected in the range of –t=0.003 to 0.02 (GeV/c)2, where we observe only the recoil carbon ions scattered to near 90o from the beam.  Time of flight, compared to the time that the rf-bunched beam in RHIC passed through the target, and energy are measured with silicon strip detectors.  The relationship between energy and velocity of the recoil particles is used to cleanly identify carbon scatters.  The scattering is sensitive to the beam polarization through a left-right asymmetry for vertically polarized protons.  This asymmetry is due to the interference of an electromagnetic spin-flip scattering amplitude, proportional to the proton’s anomalous magnetic moment, with a hadronic non-flip amplitude, proportional to the square root of the hadronic cross section.  The maximum analyzing power is expected for –t=0.003 (GeV/c) and is AN=0.04.  We observe a lower analyzing power, interpreted to be due to a negative hadronic spin-flip contribution to AN.  The average analyzing power at RHIC is AN=0.013, for the range –t=0.007 to 0.03 (GeV/c)2.  The RHIC polarimeters measure the beam polarization in less than a minute, as shown in Fig. 1. The RHIC CNI polarimeters are described in [1].

The present AGS polarimeter is based on proton—proton elastic scattering at an observed peak of analyzing power, for –t=0.15 (GeV/c)2 ([2], Appendix).  This peak value is observed (using polarized targets with known polarization) to fall with incident beam momentum as 1/pincident.  The analyzing power at the RHIC injection energy of 24 GeV is AN=0.01.  A measurement at this energy with the present AGS polarimeter takes about 30 minutes.  The energy where the CNI polarimeter figure of merit, ((AN2, becomes larger than that for the p—p polarimeter is around 5 GeV.
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Figure 1.  Measured physics asymmetries along with the polarized proton intensity as a function of time, for a typical fill.  The figures show the blue ring (top), and the yellow ring.  The closed points show the horizontal asymmetry, and the open points the vertical asymmetry, with the scale on the left axis.  For a vertical polarization, only a horizontal asymmetry is expected.  The first measurement in the blue ring was at 24 GeV, and all other measurements are at 100 GeV.  The thin lines show the beam intensity, referring to the right axes.  See [1] for details.

The new AGS CNI polarimeter is expected to provide much shorter measurement time, compared to the p—p polarimeter, and measurements on the acceleration ramp.

Plan and Status of the AGS CNI Polarimeter

The AGS application required several changes to the RHIC polarimeter design.  We want to measure the polarization from AGS injection, momentum 2.3 GeV/c, up to the extraction momentum for RHIC, 24 GeV/c, and measure on the acceleration ramp.  The low energy measurements, where the transverse beam size is large, require longer carbon targets, 5 cm in place of the 3 cm targets in RHIC.  We also require wider targets so that we can accumulate sufficient counts in a reasonable time for the measurements on the ramp.  Bill Lozowski [3] did additional development on the ultra-thin carbon targets, and we now have 5 cm long targets, 150 angstroms thick, with various widths up to 600 (m.  (The RHIC targets are as narrow as 3.5 (m.)  We also increased the distance to the silicon detectors from the target to 25 cm, compared to 15 cm at RHIC (refer to [1], Fig. 1).  This was necessary to improve the time of flight discrimination of the recoil carbon ions, because of the longer rf bunches in the AGS.  We have also mounted only two silicon detectors, left and right.  Detectors at 45o were not installed because we will not measure radial polarization at this time.  We have decided to use 6 bunches in the AGS with alternating polarization sign, both to increase the data collection rate (the AGS normally uses one bunch when polarized protons are injected into RHIC), and to include both polarization signs for each AGS cycle, as we do in RHIC.  Finally, we needed to modify the read-out to measure in 2 ms bins on the acceleration ramp.  This read-out approach was developed for the RHIC CNI polarimeters, and is described next.

Fig. 2 shows the time of flight vs. energy for a single silicon strip at RHIC.  This plot is obtained directly from the wave-form digitizer (WFD) used to read out the silicon [4].  Flash ADC energy measurements are made by the WFD each 2.5 ns, and an on-board FPGA chip finds the maximum, determining the energy of the maximum and the time of flight.  For the 2001/2 RHIC run, a look up table in the WFD selected events which fell in the carbon window, as shown in the figure.  Scalers in the WFD then kept track of the number of events collected for each bunch, for each strip.  The bunches alternate in polarization, so that left-right asymmetries are collected in the same fill for up and down polarization.

For the AGS CNI polarimeter,  we have added binning vs. time in the AGS acceleration ramp, and we will also keep information for each event, taking advantage of increased memory in the WFDs.  The spacing of the spin resonances on the acceleration ramp is 10 ms and less, corresponding to 500 MeV steps in energy for the imperfection spin resonances, with additional intrinsic resonances in between.  At many of the resonances the spin flips, so that it is important that the binning avoid overlapping two resonances.  We have chosen 2 ms bins.  Work on this change is in progress.

 We will use the p—p polarimeter to cross-calibrate the CNI polarimeter at several energies.  This polarimeter requires debunched beam on flattop, vs. the 6 bunches with alternating polarization sign that we will normally use for the CNI polarimeter.  The p—p polarimeter also uses p—p elastic scattering, and normally requires a hydro-carbon target (nylon is used).  However, a nylon target does not survive the present high intensity polarized beam.  We can use p—p quasielastic scattering from a carbon
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Figure 2.  Time of flight vs. energy for one silicon strip of the RHIC polarimeter.  The intense band corresponds to the recoil carbon ions.  This scatterplot is stored in the wave form digitizer readout.

target (this is the setup used last year for the p—p polarimeter), which has roughly half the analyzing power of p—p elastics.  We can also greatly reduce the beam intensity and install a nylon target, if necessary.

We will also investigate whether we can use the new AGS CNI polarimeter and the p—p polarimeter to improve the calibration of the RHIC CNI polarimeters at injection.  To do this, we would need to install a nylon target for the p—p polarimeter.  Here we would expect improved systematic errors over the initial experiment where we developed the CNI polarimetry method [5], which also provides the present calibration of the RHIC polarimeters.

The CNI polarimeter is installed in the AGS, and work is proceeding on handling noise, and the new WFD coding is being installed.  We expect to be ready to study the AGS polarization by late January 2003.
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