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(e) Polarization Orientation Uncertainty: <0.7o

FIG. 10.— Spurious BB power from simulations of measured potential
systematic errors. Except for differential pointing, all BB estimates corre-
spond to measured upper limits. Effects of relative gain error and differential
pointing can be corrected for in the analysis if necessary. All the potential
systematic uncertainties are measured to be well below the 2-year constraint
of r < 0.72 (Chiang et al. 2010).

(1!ε)/(1+ε), which affects the amplitude scaling of the power
spectrum. We developed experimental techniques to mea-
sure these quantities by injecting polarized radiation into the
telescope aperture at many different angles with respect to
the detectors. The phase and amplitude of each PSB’s re-
sponse determineψ and ε, respectively. This section discusses
the calibration benchmarks for these quantities and describes
three measurement techniques and their results. The absolute
PSB orientations were measured to within ±0.7◦ and relative
orientation to within ±0.1◦, and ε was measured to within
±0.01.

Angles of the PSBs can vary from their design orientations
due to the limited mechanical tolerances with which they are
mounted. The deviation from perfect orthogonality of a pair
simply reduces its efficiency for polarization; however, an er-
ror in the overall orientation of the pair can lead to rotation of
E-modes into B-modes. With the expected fractional leakage
being sin(2∆ψ), the∼1 µK E-modes at # = 100 can rotate into
false B-modes at the r = 0.1 level of 0.08 µK if the orientation
measurement is off by 2.3◦. This benchmark and the expected
scaling were verified by simulations of systematic orientation
offset of all the PSBs. The calibration procedure was designed
to determine the polarization orientations to within a degree.

Another factor, though less important, is that the PSBs are
not perfectly insensitive to polarization components orthogo-
nal to their orientations, effectively reducing the polarization
efficiency to (1 ! ε)/(1 + ε). To achieve 10% accuracy in the
amplitudes of the polarization power spectra, which are pro-
portional to (1 ! ε)2/(1 + ε)2, our goal was to measure cross-
polarization responses ε to better than ±0.026.

FIG. 11.— Dielectric sheet calibrator for measuring PSB orientations con-
sists of a beam-filling polypropylene sheet and an ambient load made of a
highly emissive black lining, subjecting the beams to partially polarized ra-
diation. The device is mounted on the azimuth stage, which can rotate about
the telescope’s boresight when pointed at zenith.

The polarization orientations were measured using a rotat-
able dielectric sheet (Figure 11), modeled after the one used
by POLAR (O’Dell 2002). A small partially polarized signal
of known magnitude is created by using an 18-µm polypropy-
lene sheet in front of the telescope aperture oriented at 45◦ to
the optical axis. The sheet acts as a beam splitter transmit-
ting most of the sky radiation but reflecting a small polarized
fraction of the radiation from an ambient load perpendicular
to the beam. The polarized signal is small compared to the
unpolarized sky background so that it can provide an absolute
responsivity calibration in optical loading conditions appro-
priate for normal observations. The ambient load is made of a
microwave absorber lining inside an aluminum cylinder sur-
rounding the beam splitter. The absorber is covered with a
1/8" thick sheet of closed cell expanded polyethylene foam
exactly as in the forebaffle (described in §3.5), the combina-
tion of which has ∼95% emissivity at 100 GHz.

We use this polarization calibrator by putting it in the place
of the forebaffle and fixing it to the azimuth mount. With
the telescope pointed at zenith, rotating the device with re-
spect to the cryostat modulates the polarization signal for each
detector while keeping the beams stationary with respect to
the sky. The off-axis beams see complicated, but calcula-
ble, deviations from the nominal sinusoidal modulation (Fig-
ure 12). This setup produces a partial polarization of ampli-
tude proportional to (Tamb !Tsky), the temperature difference
between the ambient load and the sky loading. With an 18-
µm polypropylene film and a typical temperatures of Tamb =
220 K and Tsky = 10 K, the signal amplitude is ∼100 mK at
100 GHz and ∼250 mK at 150 GHz, small enough to ensure
that the bolometer response remains linear.

The measurements were performed several times through-
out each observing year and produced repeatable results for


