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Study of systematic errors of polarization measurements in proton-Carbon polarimeters was continued during Run 2011.
Different types of Si detectors and electronics were tested. A good consistency of measurements for all types of detectors
was observed during whole 5-month run. A new technique for energy calibration of Si detectors was developed and
tested in various operational conditions. Polarization measurement dependence on beam intensity was studied in AGS to
separate intensity dependent losses in machine from rate effects in detectors.

1.

Introduction

Proton beam polarization measurements are essential for
the Relativistic Heavy-Ion Collider (RHIC) spin
program at Brookhaven National Laboratory (BNL) [1].
A Polarized Hydrogen Jet Target is employed to
measure absolute proton beam polarization at RHIC [2].
The main purpose of the 4 proton-Carbon (pC)
polarimeters at RHIC is high statistics monitoring of the
beam polarization as well as polarization profile
measurements. A similar pC polarimeter is used to
monitor beam polarization at Alternative Graduate
Synchrotron (AGS) which injects 24 GeV/c protons into
the RHIC.
The pC polarimeters in AGS and RHIC are based
on elastic proton scattering with low, t ~ 10-2 (GeV/c)2,
momentum transfer (Coulomb Nuclear Interference
(CNI) region) and measurement of asymmetry in
recoil carbon nuclei production [3]. Analyzing power
is about 1-2 % for the recoiled carbon energy range
400-900 keV ( 0.009 < -t < 0.022 (GeV/c)2). At AGS, a
very thin (~ 4 g/cm2, ~ 200 m) carbon ribbon target
provides carbon detection rate of about 106 per machine
cycle (3.7 sec). It takes us only a few minutes to
measure the polarization with a statistical accuracy of
about 2-3 %.
Wave Form Digitizer based DAQ provides a
measurement of carbon signal amplitude A and time tm.
The carbon kinetic energy may be calculated via time of
flight as well as via energy deposited in the detector:
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Here MC is carbon mass, l is distance between
target and detector, and t0 is time corresponding to the
proton-Carbon interaction. Coefficient which relates
signal amplitude to the deposited energy is being
determined in a special -source (241Am) calibration.
Conversion of the deposited energy A to kinetic
energy depends on carbon energy losses dE/dx in silicon
and thickness of detector's dead-layer, xDL. The
equivalence of the Et and EA allows us not only isolate
carbon signal (see Figure 1) but also calibrate detector,
i.e. to determine t0 and xDL.

Figure 1. Dependence of the measured time on the signal amplitude.

2.

AGS polarimeter in Run 2011

In the 2011 Run, the AGS polarimeter consisted of 8
detectors, 12 silicon strips each, as shown in Figure 2.
The 90 degree detectors (2, 3, 6, 7) were fabricated at
BNL Instrumentation division, the 45 degree detectors
(1, 4, 5, 8) are commercial Hamamatsu S3590.
Detectors 1 and 8, referred as slow, were equipped
with charge sensitive preamplifiers, while fast current
sensitive preamplifiers were used in all other detectors.
Strips in 90- and 45-degree detectors had a different
orientation compared to the beam direction. Distance
between target and silicon strips was 32 cm for 90
degree and 51 cm for 45 degree detectors.

Figure 4. Polarization dependence on beam intensity. Different
methods of the intensity control were tested.

3.

Systematic errors in AGS polarimeters

To increase a reliability of the polarimeter in standalone
measurements a detailed study of the systematic errors
is needed. Some results of this study are reported below.
3.1. Polarization measurement dependence on the
detector configuration

Figure 2. A beam view of the silicon detectors in the AGS
polarimeter.

The AGS polarimeter was equipped with horizontal
and vertical targets of different widths.
Such a variety of the detector configurations and
conditions of measurements appeared to be very helpful
for the systematic errors study.
During the Run 2011, AGS polarimeter was
successfully used for the relative beam polarization
measurements (Figures 3, 4).

There were about 2000 polarization measurements at
AGS during Run 2011. In general, a combined analysis
of the full data set does not have much practical sense
because most of these measurements were done for
special study of the accelerator performance (and, thus,
were done in inconsistent beam polarization conditions).
However, since all detector measured the same beam
polarization in every measurement, the whole Run data
analysis allows us to compare performance of the
different detectors with high statistical accuracy.
The dependence of the polarization measured by
90 degree detectors on beam intensity I (in units of
1011) is shown in Figure 5. The results for all detector
types are summarized in Table 1.

Figure 5. Polarization vs beam intensity.
Figure 3. Polarization profile measurements with jump-quads on and
off.
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Table 1. Test of different detectors
Detectors
90 degree
45 degree (slow)
45 degree (fast)
45 degree (all)

P(I = 1.2)
64.6 ± 0.09
65.7 ± 0.14
63.7 ± 0.13
64.6 ± 0.10

dP/dI
-6.2 ± 0.26
-7.4 ± 0.40
-7.5 ± 0.37
-7.5 ± 0.27

There is a good consistency within 1-2 % accuracy
in polarization measured by different detectors. We also
found that small discrepancy between results from
different detectors was very stable during the whole
5-months Run 2011. As it will be discussed below, the
observed difference in the values of dP/dI for 90- and
45-degree detectors may be related to the rate effect.
Results of the experimental evaluation of analyzing
power AN(t) are shown in Figure 6. Since the exact
value of the average beam polarization during the Run
was unknown, we can measure AN(t) only up to some
scaling factor. One can see that results for different
detectors are compatible within few percent accuracy.
At the moment we can not exclude that observed
discrepancy between experimental data and theoretical
model for the AN(t) is caused by systematic errors
common for all detector. Possible sources of such
systematic errors which should be considered include
inaccuracy of the energy calibration and unaccounted
energy losses in the target.

Here, L(p,E) = pL0(E) is normalized stopping range
of carbon in silicon, L0(E) is the MSTAR [4] based
stopping range, and p = 1/xDL is a dead layer related
parameter. Substituting the E by a time of flight energy
Eq. 1, we can determine the values of t0 and p and, thus,
calibrate the detector.
It was found that even small variation of the L0(E)
may result in substantial corrections to the energy
calibration. A discrepancy in a data fit may
indicate such a case. We can try to solve this problem by
a model independent parameterization of the stopping
range,
e.g.,
L(E) = p0E + p1E2 +
or
2
L(E) = p0L0(E) + p1L0 (E) + .
Results
of
the
calibration
with
standard
and
extended
parameterizations of the L(E) are shown in Figure 7.
The values of the t0 found in these fits differ by 8.2 ns
which corresponds to the 10 % correction of the energy
scale and about 10 % correction to the measured
polarization. Even though the extended L(E) fits data
much better we have to admit that good fit in the limited
energy range can not guarantee unbiased estimate of the
t0. A more detailed analysis of the problem is still
needed.

Figure 7. Energy Calibration.

3.3. Rate effect
Figure 6. Measured analyzing power.

3.2. Energy calibration of the silicon detectors
In silicon detector, there is an inactive, or dead, region
which is approximately 150 nm (35 g/cm2) thick. To
account for the carbon energy lost in the dead layer we
can use the following equation

L( p, E ) L( p, A) 1 .

(2)
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Only one signal per bunch per strip could be acquired
by the polarimeter DAQ. The polarization calculation is
sensitive for such an inefficiency of the carbon
detection:
Pmeasured (r ) P0 (1 kr ),
(3)
where r is total (including background) rate in the DAQ
channel per bunch. In the AGS polarimeter, r may be as
large as 0.05 and the coefficient k is constrained by a
condition 0.5 < k < 1. We can estimate k ~ 0.75. Thus,

the rate effect may give significant contribution to the
polarization dependence on beam intensity (Figure 5).
Obviously, the rate effect contribution should be
considered as a systematic error and experimental
results should be properly corrected.
To evaluate rate effect contribution, we measured
dP/dI for every left-right symmetric pair of strips (48
pairs in total).
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(4)

Here, i is the relative rate in the pair i, and dR/dI is
the average value of the measured rate dependence on
intensity. For the 90 degree detectors there is a strong
dependence (Figure 8) of the rate on the strip number.
Assuming that ki is the same for all strips in 90-degree
detectors we experimentally evaluated:

k 1.00

0.23,

8.6 ± 1.4 % in measured polarizations. Beam configuretion was not changed during these measurements. Rate
with H1 target was significantly smaller (due to the
target width) and we can attribute 4 ± 1 % of the
polarization difference to the rate effect. At the moment
we relate the remaining 4.6 ± 1.7 % to the effect of
energy losses in the target.
Unaccounted energy losses in the target lead to a
wrong estimation of the analyzing power (dependent on
energy) and, as results, to an underestimated value of
the measured polarization. Calculations of the measured
polarization dependence on angle between beam
direction and target plane and on target thickness (e.g.
due to the folding) are presented in the Table 2.
Table 2. Measured/True Polarization
Target Angle

(5)

0
45
80
85
0-360

which is in good agreement with our expectations
(within statistical error for total Run 2011 statistics of
about 6 × 1010 events).

Figure 8. Relative rate in the Si strips
determination of the coefficient k.

(left). Experimental

4
0.991
0.987
0.950
0.903
0.970

Target thickness ( g/cm2)
8
16
0.982
0.965
0.975
0.951
0.903
0.825
0.802
0.610
0.948
0.911

The target thickness effect is practically negligible for
the designed target orientation (zero degree angle).
However, it was found that the target angle was not well
controlled which might result in significant error in
polarization measurement. Next Run we plan to perform
a special experimental study, including measurements
with highly twisted targets and very wide targets (with
well controlled orientation angle).

3.4. Energy losses in the target
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