Requirements Document on Polarimetry

Primary requirement:  
An absolute measurement of the beam polarization is needed with sufficient precision that statistical and systematic uncertainties in the physics observables dominate.

1. For single spin asymmetry physics measurements the relevant quantity is the beam polarization for each beam independently (to first order).
a. Large asymmetries have been measured in eta production at forward rapidity, appearing to rise toward 1.  A 5% absolute normalization on beam polarization for an A_N~0.5 would give a normalization error dA_N~0.025.  A_N of this size and precision may be achieved at mid-rapidity for W+.  Improvements to the 2-3% range on absolute normalization per beam would be of benefit.

  Systematic error considerations:
a. Beam polarization profiles are of concern as core is sampled differently than tails because it scatters off beam with unpolarized profile vs. r.
b. To extent that physics measurements are done with cross ratio, knowledge of bunch-by-bunch polarization is needed only roughly.  Differences between the up and down polarizations enter as a second order systematic errors, i.e., need to couple to other effect like LR detector asymmetry to give a systematic error.
c. Some knowledge of the polarization during the store and store to store is needed to properly weight the beam polarization over long periods of time during which an absolute measurement may take place allowing convolution with experimental data variations.
d. Check of polarization vector locally is needed.  Some measurements require spin rotators to give sideways beam.

2. The product of the beam polarizations convoluted over bunches and fills are what are required for double spin asymmetries.  The double spin asymmetries are expected to be small, A_LL<0.1 and often smaller.  However experiments are pushing for high statistical precision, ~10% of the DSA in many cases (i.e., STAR jet and Dijet projections).  Improvements to the 2-3% range on absolute normalization would be of benefit.

  Systematic error considerations:
a. Beam polarization profiles are of concern as the core is sampled differently than tails.  Now what matters are the intensity and polarization profiles convoluted over both beams.
b. Bunch by bunch polarizations are more important for DSA, as is the bunch-by-bunch intensity (really want luminosity at each experiment) as there can be correlations between beams (all high pol. bunches hit high pol. bunches in other beam for example).  If not changing only need average over fill, or once per spin flip.
c. Some knowledge of the polarization during the store and store to store is needed to properly weight the beam polarization over long periods of time during which an absolute measurement may take place allowing convolution with experimental data variations.
d. Local polarimetry is required to tune spin rotators.  Needs two planes to check both vertical and sideways components.

Other general considerations:

1. Experiments only need best precision after the fact from an offline analysis.
2. Is speed a requirement beyond the minimal requirements above to determine store variations?  For example to tune rotators?
3. It would be beneficial if the experiments had a measure of Pl< x Pb at their collision points.  This would be possible if a polarimeter had an A_LL.

Current situation:  
Absolute polarization is determined from the gas jet. This seems reliable and stable. The CNI polarimeters provide information on bunch-to-bunch differences, polarization profiles and time dependence during a store.

CAD requirements:

Primary requirement:  Timely polarization measurements with sufficient precision throughout the complex to diagnose polarization transmission from source to beam dump at the end of a store in RHIC.

1. Require stable and reliable measurements of the polarization of single beams. Long-term time dependence should be small or calibratable. Dependence on other beam properties, intensity for example, should be minimal or calibratable.  Changes in the measured polarization must reflect changes in the beam polarization as tuning to optimize is performed.
2. Rapid feedback is important.  This means both short measurement times and application of necessary corrections.
3. Stable precise relative normalizations may be sufficient in many cases.  (For example the polarimeters out of the AGS and at injection in RHIC are not calibrated very precisely but the ratio between them should be stable or reflect changes in polarization transmission. The polarization lifetime at store does not require an absolute normalization.)
4. Absolute calibrations are needed to measure polarization transmission through ramps.  5-10% changes are of interest so set a scale of these calibrations.
5. Measurements need to be on demand by operators and not normally need expert operation.


The above may apply differently to each stage through the complex and need to be quantified  (some comments on each below).

Polarization out of source:
Needed for source tuning and diagnostics.  Sets scale for all down stream measurements.

Polarization after LINAC:
Addresses possible polarization loss in this device.

Polarization after booster into AGS:
Addresses possible polarization loss in this device.

Polarization during AGS ramps:
Relative measurements of rapid changes during ramp needed.  Up followed by down ramp can give relative polarization loss information.  Absolute calibration need?

Polarization after AGS:
Stable relative measurements over time crucial for tuning.  An absolute calibration or at least good relative calibration to AGS input energy is highly desirable.

Polarization at RHIC injection:
Need to be able to measure that the spin is still vertical after transmission through the injection beam lines.  Relative 2 plane measurements required.

Polarization during RHIC ramp:
Need to be able to measure up ramps and look for rapid changes, as cross resonances, a relative measurement is probably sufficient.

Polarization at store:
Need to measure transmission up ramp.  Relative calibration to injection would be sufficient, an absolute normalization of both desirable.

Need sensitive measure of polarization lifetime.

Need beam polarization profile measurement.

Current situation:  In RHIC the CNI polarimeters in principle perform the necessary functions however are hampered by uncontrolled rate and time dependences.  Additional absolute normalizations would be useful.




Document on Polarimeters

1. Description of current polarimeters
a. Describe how and with which system the polarization is measured from the source to RHIC at flat top
b. Detailed description of cross calibration of the different systems
i. Discussion on the knowledge of the analyzing powers at different energies
c. List short coming of each of the systems
d. List the strength of each of the systems
e. How are the requirements from physics and CAD fulfilled

2. Detailed summary of the problems with the carbon polarimeters in Run-9
a. What is the exact problem?
b. Was something like this seen in earlier years?
c. What are the causes for the behaviour?
d. Description of Tandem test run and its major results
i. Why did the test run at the tandem not reveal this problems

3. Detailed description of the proposed changes to the carbon polarimeters
a. Why will these changes solve the described problems above
b. What is the safety margin for operation (rates, radiation, ….)

4. Detailed description of new polarimeter at IP10
a. What is the purpose
b. Which of the above requirements can be addressed
c. Technical solution
d. Responsibilities for maintenance, operation and offline analysis of the system  
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