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Figure 11. Panels representing typical-to-strong residual FPN in the DR1-S (top) and DR1-F (bottom) data. The left panels are data cubes averaged over a few degrees
in R.A. in high-latitude regions with typical strong FPN taken in drift mode. The data have had variation above a scale of 15’ removed to highlight the beam-to-beam

FPN variation. The right panels show the 1

(lower, smooth) and peak-to-trough (higher, jagged) amplitude of the FPN as a function of velocity. The data show

that DR1-S is somewhat worse than DR1-F, that the FPN errors increase somewhat as the velocity nears the Hi line, and that the typical FPN amplitude is 150 mK

peak-to-trough, or 20 mK 1 in these more contaminated regions.

from ~10 s to ~60 s (see Figure 1), as different regions were
observed in different modes, and sometimes covered by more
than one project. These integration times correspond to 140 mK
and 60 mK rms noise, respectively, when smoothed toa 1 km s~!
channel width. The median integration time per beam is 30 s
(80 mK). DR1 was reduced in two separate stages; DR1-S
(spring), covering the sky toward 12h R.A., and DRI1-F (fall),
covering the sky toward Oh R.A. DR1-S was made publicly
available in 2009 January, and the entirety of DRI is released
with this work. The two areas have an overlap of 180 deg? toward
(, )= (6",25°), and give consistent results. In Figure 10, we
demonstrate the quality of the DR1 data set and the fantastic
structure of the ISM at 4’ resolution, by showing three sections
of velocity space over the same arbitrary chosen 40° x 18° 10/
region. The intense filamentary and diversity of cloud structures
is immediately apparent.

6.1. DRI Data Reduction and Known Systematics

Data reduction was very similar for both halves of DRI,
but some differences exist. For DR1 a routine for removing
radio intermodulation products was added for use with TOGS2
(commensal with GALFACTS; see Table 2), because of the
specific LO setup used. The exact protocol for data flagging
was improved between DR1-S and DRI1-F, which has led to
improved data quality in DR1-F. Primarily residual FPN is lower
in DR1-F than in DRI-S, owing to improved algorithms and
more precise by-eye checking procedures. An example of the
scale of strong FPN residuals in the two halves of the data set
can be seen in Figure 11. There are also fewer occasional RFI
bursts and glitches in DR1-F, though these are rare in either
data set.

The Arecibo 305 m is also known to have significant distant
sidelobes or stray-radiation contamination. This effect can be
important in Galactic Hi work, as the sky is bright at Galactic
velocities in all directions. Since the stray sidelobes are large
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and low gain, the effect is typically to add a wide, low amplitude
signal that varies slowly with position. We intend to implement
some stray-radiation correction with future data releases, but
for DR1 we simply attempt to parameterize the amplitude of the
systematic error. Figure 12 shows spectra toward two positions
in the sky, one of the lowest column parts of the DR1 sky
(I = 210°, b = 65°), and one toward a low column part of the
DRI sky with the largest amount of bright Galactic Hi high
above the horizon, to maximize stray contamination(l = 45°,
b = 45°). We show both the average LAB spectrum for the
region and the difference between the GALFA-HIi average
spectrum for the region and the LAB spectrum for the region
to highlight the effect of stray radiation. We find that the stray
effect is strongest closest to the line (|Vsg| < 50 km s~1), with
an amplitude below 200 mK outside +20 km s~ LSR, and that
it is strongest when the Galactic plane is high in the sky. Within
+20 km s~! LSR, we cannot accurately enough match the beam
shape and sensitivity profile of the LAB data to get a reliable
measurement of the stray-radiation effect, though it is unlikely
to exceed 500 mK.

7. FUTURE DIRECTIONS AND UNRESOLVED ISSUES

We have made significant strides toward reliable, artifact-free
data, and we expect that these data will be a useful resource for
the astronomy community. To further this goal we intend to
continue to pursue known sources of systematic error in our
data, including the effects of more distant sidelobes and stray
radiation.

7.1. Further Sidelobe Calibration

While the primary source of stray radiation is undoubtedly
the first sidelobes, the ALFA beam pattern is known to have sig-
nificant power in secondary and higher-order sidelobes. These
sidelobes roughly follow an Airy pattern model with ellipti-
cal cross section (Cortés-Medellin 2002). Second sidelobes are
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Figure 12. Spectra toward (I, b) = (210°, 65°), a very low column region in
DRI (bottom) and (I, b) = (45°, 45°), a low column region observed while the
bright Galactic plane is well above the horizon (top). The thick gray line is the
LAB data, and the thinner black line is the GALFA-H i data minus the LAB
data, which outside regions of bright Hi represent the contamination by stray
radiation toward these directions in the GALFA-H i data. We have marked with
a gray box the velocity range where we expect the difference to be dominated
by beam mismatch between the LAB survey and our reconstructed LAB beam
with GALFA-H i data, and where we can therefore not use the plotted difference
as an indicator of stray-radiation strength.

(A color version of this figure is available in the online journal.)

more distant from the center of the observation, so while the
contamination amplitude will be lower, the signal in the sec-
ond sidelobe will typically be more divergent from the main
beam than in the first sidelobe. In cases where there is very fast
variation in the sky signal this second sidelobe can have a sig-
nificant effect, and we believe that it is currently the dominant
contribution to uncorrected sidelobe radiation.

To correct for the second and higher-order sidelobes these
sidelobes must be carefully measured. Some raster maps have
been made of the second sidelobe response, but they are sig-
nificantly incomplete. To parameterize the basic components
of second sidelobe we will measure it with the “spider scan”
method outlined in Heiles (2004). We will then add the sec-
ond sidelobe response to our calibration method described in
Section 4.6.

7.2. Stray-radiation Calibration

We have shown that there is non-trivial stray radiation in
our data. While the stray radiation does not pose a problem
to conduct most of the science we are pursuing, including any
science dependent upon small-scale morphological features, or
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features at high velocity, it can be a problematic contaminant,
especially when precise total Hi columns are needed. We
plan to correct for this stray effect in future data releases by
bootstrapping our results to the LAB data and removing the
differences we detect. This will allow us to treat the stray data
properly without modeling the very complex feed response far
from the beam center generated by the blocked Arecibo 305 m
aperture.

8. CONCLUSION

In this work, we described the systems (Section 2), observing
modes (Section 3) and data reduction methods (Section 4) used
to produce the GALFA-H i survey. We demonstrated the efficacy
of these new and inventive techniques as well as their current
limitations, and showed the high quality of the resulting data
products (Section 5). We presented the GALFA-H i Data Release
1 (Section 6) and discussed methods for improving our final data
product in the future (Section 7). We found that we were capable
of dramatically reducing the impact of these systematic effects,
in many cases making them undetectable.

The DR1 data product can be found at http://purcell.ssl.
berkeley.edu/, downloadable either in the original survey data
cubes or in any user-defined region and spectral resolution. The
original data cubes are 512’ in small-circle right ascension and
declination, with 2048 channels, either at the original resolution
of 0.184 km s~! with a velocity range from —188 km s~! to
188 km s~! LSR or at a degraded resolution of 0.736 km s~
over the full bandwidth.

GALFA-Hi is very much an ongoing survey with hours of
data still being taken daily through commensal and dedicated
projects. As such, future data releases are planned including
these new data and improved reduction methodologies, and
data release 2 is tentatively planned for late 2011. Many as-
tronomers around the world are engaged in active research with
GALFA-Hi data, and we plan to continue to provide high-
quality data to these astronomers as well as the rest of the
astronomical community in the future.
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