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The RHIC polarized proton complex utilizes polarimeters in each of the Blue and Yellow beams to measure the beam
polarization through the p-Carbon elastic scattering process in the Coulomb Nuclear Interference kinematic region over a
wide beam energy range from 24 to 250 GeV respectively with a required precision of better than 5 %. The polarimeters
are calibrated in situ with the Polarized Hydrogen Jet Target that utilizes the proton-proton elastic scattering process also
in the CNI region. For Run 11, the polarimeters utilized faster current sensitive pre-amplifiers to replace the charge
sensitive ones to ameliorate the rate problems experienced in earlier runs, target holders were modified to allow
simultaneous horizontal and vertical polarization profile measurements, in addition new Hamamatsu detectors were
tested. RHIC ran with beams at center-of-mass energy of 500 GeV and time was allotted for running 24 GeV to provide
Jet data and calibration at injection energies. In what follows, we will describe our progress as well as the perceived
future upgrades.

1.

Introduction

1.1. The physics processes employed in
polarimetry at RHIC
While described in previous discourses, the choice of pp
and p-Carbon elastic scattering in the CNI region [1]
was based on the high cross section as well as an
estimated analyzing power of the order of 4 % and 3 %
respectively.
This choice is fortuitous because the analyzing
power appears to be relatively constant over the wide
energy range at RHIC and the recoil scattering angles
barely change thus making it easy to switch between
energies with minimal changes and even allowing for
polarization measurements on the ramp. The Polarized
Hydrogen Jet, albeit with low rate, allows calibration of
the polarimeters running over a few stores at the
respective energies by utilizing the identical particles
condition in pp elastic scattering, namely:
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Which in turn provides the absolute beam polarization
directly and in effect a calibration mechanism for the pCarbon polarimeters, running simultaneously, at any
energy. What is required for this is an independent
measurement of the hydrogen target polarization which
is done using the installed Breit Rabi polarimeter.

Figure 1. The analyzing power in pp elastic scattering vs. t.

Over the last several runs, see Figure 1, the
Polarized Jet target measured the analyzing power in pp
elastic scattering in the CNI region over a wide energy
range [2, 3]. An interesting feature is the fact that the
analyzing power seems relatively constant. Similarly the
analyzing power in p-Carbon elastic scattering was
measured at various beam energies, see Figure 2 and
again the variations are relatively small over this wide
range.

Figure 2. The analyzing power in p-Carbon elastic scattering vs. t.

The requirements for RHIC polarimetry are beam
polarization measurements on a fill by fill basis to a 5 %
accuracy. Of course, this requirement will become more
stringent as the physics program attains higher statistical
accuracies. The capabilities built into the p-Carbon
polarimeters such as thin scanning targets, provide
additional information that are germane to the running
of the collider these include vertical and horizontal
polarization profiles, beam emittances, bunch to bunch
polarization, and of course, polarization measurements
on the ramp.
2.

Polarimeter Setup For Run 11

2.1. P-Carbon Polarimeter set up
The p-Carbon polarimeter are installed as pairs in each
of the two RHIC beam lines, see Figure 3.

store the data are then combined for an acceptable
profile measurement statistical for the respective store.
This year we replaced the charge sensitive
preamplifies with current sensitive preamplifiers with
significantly faster signal rise and fall times and this has
paid off quite well in that we experienced good stability
and no rate dependence.
In an effort to reduce signal degradation over the
300 ft cables from the preamplifiers to the shapers, and
as a test, we moved the shapers, the Wave Form
Digitizers, and PC to a nearby rack inside the RHIC
tunnel for one of the polarimeters in each ring which
resulted in much shorter 30 ft cables. Unfortunately, this
set up did not pass the test of time as we experienced
significant disruption due to what appears to be single
event upsets. That being the case we then reverted back
to the external set up. To reduce cost, each pair of
polarimeters was multiplexed inside the tunnel thus
requiring one readout system.
The polarimeter target holders were modified for
this run to simplify the change between horizontal and
vertical target orientations. Most of the installed carbon
targets were of the nominal 10 micron wide and
25 nanometers thick variety. However, in order to
understand rate effects, we installed several targets with
2 and 4 times the thickness.
While we used the BNL fabricated 2 mm wide
x 10 mm long silicon strip detectors, we also installed
two pairs of 1mm wide, 5mm long Hamamatsu silicon
strip detectors the acceptance of which allows a much
lower rate. With such small detectors we had to exercise
extreme care to position the targets so as to assure
proper acceptance and coverage.
2.2. The Jet set up

Figure 3. A schematic layout of the RHIC p-Carbon polarimeters.

Such an arrangement allows for two simultaneous
measurement of the beam polarization with one using a
vertical target while the other a horizontal target. This
then provides a full polarization profile for each beam.
For polarization measurements, 20 M events are taken
in less than a minute, which provides a 2 % statistical
accuracy. Four such measurements are taken during one
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There was little change for the Jet in Run 11 with the
exception of replacing one bad silicon detector so that
we ran with a full complement. We ran with both beams
simultaneously impinging on the jet with a vertical
separation of 3 mm at the IP. While we could run with
closer separation for better vertical acceptance, this was
a requirement to minimize beam-beam interactions. This
is an issue that we would like to explore in future runs.
Unfortunately, early in the run, the Jet dissociator
stage suffered a malfunction that damaged the nozzle,
the skimmer, and the quartz pipe. The heat caused a
significant amount of quartz or light gray dust-like
particles that contaminated the first stage. This required
total cleaning and component replacement. While we

were able to bring the system back up, we had to settle
to less than ideal running conditions when good running
intensity is reached within a few hours of startup,
followed by steady conditions for about 12 days before
a slow nozzle blockage starts to set in and require a
clean up once every two weeks. In Run 11 it took a
circuitous route to attain maximum intensity and we had
to service the jet more frequently resulting in
unnecessary downtime for the accelerator.
3.

The pp analyzing power measured in RUN 11 is
compared to that obtained in RUN 9; see Figure 5. It is
gratifying to see good agreement indicating system
stability. In addition, since the kinematics indicate a
potential contamination from one additional pion
production as t increases above 3 MeV, we cut the data
from 5 to 4 to 3 MeV respectively, and the resulting AN
was the same within statistical errors indicating little
contamination if any.

Results from RUN 11

3.1. Results from the Jet Target
The Jet ran with both the Blue and Yellow beams
simultaneously. Data were monitored online; Figure 4,
where the activity in the six silicon detectors channels
shows the signal and the associated background at about
15 %. With more rigorous offline analysis and cuts the
background is reduced to a few percent.

Figure 6. The average beam polarization for Blue and Yellow beams.

The average beam polarization in RUN11 measured
by the polarized jet target was 48 ± 0.5 % for both the
Blue and Yellow beams, Figure 6. With the exception of
a few outlaying runs, the data seem to show a very
steady behavior per fill over the entire run. It should be
noted that the Jet beam size is 6 mm FWHM and sees
the full beam thus this integrates over any beam
polarization profiles. The Jet also measured the average
polarization loss over a fill, Figure 7.

Figure 4. The strip activity for both beams on target.

Figure 5. Analyzing power in pp elastic scattering.

As a quality assurance, the Jet measures the
analyzing power in pp elastic scattering for every fill to
assure data integrity before we measure the beam
related asymmetry and the respective polarization.
Figure 7. Jet data in two-hour slices showing polarization loss over the
fill.
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3.2. Results from the p-Carbon Polarimeters

3.3. Looking Forward

The change from the charge sensitive to current
sensitive preamplifiers was a step in the right direction
as: a) we did not experience a significant increase or
susceptibility to noise, and b) it seems to have mitigated
the rate problems we experienced in Run 9.
The polarized Jet target ran simultaneously with the
p-Carbon polariumeters as a means of calibrating the 4
systems independently resulting in an overall scale
factor. That done then the polarimeters become the
vehicles to assess the beam polarization for each run
with much better statistics than can be achieved by the
Jet. Figures 8 show representative data from the one
Blue polarimeter over the length of the run for 250 GeV
and at 24 GeV, RHIC injection. The stability is apparent
in that the data show little scatter around the average.

For the upcoming RUN 12, we utilize one polarimeter
equipped with the 1mm Hamamatsu detectors as well as
1 mm BNL type detectors as a test bed. One set will be
mounted with strips perpendicular to the beam direction
to assess the movement of the targets if any.
We also plan additional studies with different
targets to determine the potential effects of target
thickness as well as target orientation with respect to the
recoil carbon and the resulting energy loss in the target.
To that end we will use targets of the same thickness but
different widths. A successful twist of our nominal
targets about 300 to 500 turns before breaking averages
the target orientation over the beam size. A few such
targets will be employed to see the energy loss effects.
Of course, we need to bring the Polarized Jet Target
back to normal operation. In addition, we plan to
replace a pair of Jet silicon detectors with Hamamatsu
single strip photodiode detectors that have been tested
operationally in the AGS. These will provide better
energy resolution and hopefully lower noise and allow a
lower t reach thus improving the statistical sample.
Finally, a comprehensive assessment of the
systematic errors is underway and will bear fruit for the
p-Carbon polarimeters [5] as well as the Polarized
Hydrogen Jet target measurements.
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Figure 8. Blue p-Carbon polarimeter data over the run at 24 and
250 GeV respectively.

Most p-Carbon polarimeter data are taken in target
scans traversing the beam forth and back thus providing
polarization profiles in the desired plane. This serves as
a machine development tool and to assess the actual
polarization seen by the experiments [4].
A scintillator hodoscope to detect fast particles
produced at 90 degrees in the lab frame gave an
independent measurement of the bunch crossing time
and compared favorably to that determined from the
angle energy fitting of the recoil carbon distribution.
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