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Since autumn 2008 a new L-band 7-Feed-Array receiver is tmedn Hi 21-cm line survey
performed with the 100-m Effelsberg telescope. The suni#hycaver the whole northern hemi-
sphere comprising both, the galactic and extragalacticsggrallel. Using state-of-the-art FPGA
based digital Fast Fourier Transform spectrometers, gpardynamic range and temporal res-
olution, allows to apply sophisticated radio frequencgifgrences (RFI) mitigation schemes to
the survey data.

The EBHIS data reduction software includes the RFI mit@atigain-curve correction, inten-
sity calibration, stray-radiation correction, griddiragd source detection. We discuss the severe
degradation of radio astronomical ldata by RFI signals and the gain in scientific yield when ap-
plying modern RFI mitigation schemes. For this aim simolasi of the galaxy distribution within
the local volume (z<0.07) with and without RFI degradati@revwperformed. These simulations,
allow us to investigate potential biases and selectiorceffi@troduced by the data reduction soft-
ware and the applied source parametrization methods.
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1. Introduction

Performing blind H surveys is a major challenge with respect to a variety of@sp&odern
receiving systems offer total bandwidths of several hutel®lHz or even GHz, while digital
high-dynamic-range backends on the basis of field prograbtergate arrays (FPGA) allow to
dump spectra on time-scales of seconds. The combinationtbfgroperties provides substantial
improved data quality but leads to a much larger data voluReslucing and analyzing the data is
impossible to accomplish manually.

Here, we present the data reduction strategy which is appdie the Effelsberg-Bonn H
Survey (Section 2). We performed simulations to test thenso€ and investigate the influence of
radio frequency interference (RFI) on the data (Sectiorm8)k results give us the opportunity to
identify systematic effects produced by the data redugtimecedure itself (Section 4).

2. Thedatareduction scheme

With respect tdRFI the situation at telescope sites is getting worse, due tmtineasing num-
ber of terrestrial radio wavelength applications acrossEharth. RFI mitigation has to be treated
right at the beginning of any data reduction chain, becautegferences affect each reduction step
significantly. There are different approaches, from reaktapplications, e.g., adaptive filters or
higher-order statistical analysis, to various softwaaedd solutions, e.g., simple (manual) flagging
of polluted spectral channels, or more sophisticated nastlas described in Winkel et al. (2007
[1]), the latter will be used for the EBHIS.

Another major issue is thgain curve calibration Using large bandwidths one often experi-
ences strong ripples in the baseline produced by standimgsizetween the dish and the receiver.
In combination with rather complex IF gain characteristies bandpass calibration can be compli-
cated. One solution is the implementation of the least+gguirequency switching (LSFS) method
recently proposed by Heiles (2007 [2]), which needs onlyardérchanges of the hardware in the
IF processing chain (not yet implemented at the 100-m tefe=jc Unfortunately, LSFS fails in the
presence of RFI signals, but Winkel & Kerp (2007 [3]) idemiifia workaround using flagging of
polluted data points.

Very important for galactic astronomy is the correction $tnay-radiation (SR) — emission
entering via the side lobes of the antenna, which can sdyiagmpact the measured fluxes. For
EBHIS the method of Kalberla et al. (2005 [4]) is used. If timde@na diagram is well-known, the
measured data can be corrected for the influence of the idelattern to a good precision.

After RFI detection the data have to balibratedin terms of brightness temperature. A two-
step method is used, first applying an absolute calibratiarmeasuring a calibration source of
well-defined flux density (S7), and then relative changesdatermined using a noise diode the
output of which is fed into the receiver during certain intds.

Finally, a graphical user interface (GUI) was developedHEBHIS especially suited for the
search and parametrization of sourdaghe data cubes of the extragalactic part of thestirvey. A
finder algorithm based on the Gamma test was implementedc2§03 [5]). The GUI is designed
to allow a fast working flow and is able to compute statistexabrs of the fitted parameters using
Markov-Chain Monte-Carlo methods.
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Figure 1: Data reduction scheme used for EBHIS.

The spectroscopic data are stored inM&# i t s file format. The integration time per dump
is 500ms, hence, a huge amount of data has to be handled féulitiservey. The overall data
processing is organized in a highly flexible way. To avoicureghncy, each module (RFI detection,
SR correction, flux and bandpass calibration) works inddeetly on the data and all correction
terms are stored within a database, instead of producingletensets of processed spectra after
each intermediate step. For example, the RFI detectiorritdgoreturns only the list of spectral
channels per dump containing an RFI event. Therefore, didylist needs to be stored and can be
directly used by the other tasks to flag bad data. The sameigderholds for the flux calibration,
where only one correction factor per spectrum must be pteskns possible to improve one
of the modules without the necessity to re-execute the otfrction tasks. A schematic view
of the EBHIS data processing is shown in Fig. 1. In contragiipeline approaches, a new task
is necessary, which is denoted as “merger”, to apply all treection terms to generate the final
dataset. Then the spectra are gridded to a data cube. Togpeethputation, many tasks make use
of multi-processor or -core platforms. Further improvetmmnprocessing speed is gained, because
the database approach allows simultaneous workstati@ssctt also provides the opportunity to
easily query useful informations like sky areas alreadyeoled (which can easily be visualized)
and makes backups easier and smaller.

3. Simulations

We carried out simulations to analyze the performance ofittte reduction software in terms
of source detection probability and data quality. This emal approach was chosen, because
it provides the possibility of a quantitative analysis ofism® parameters and typical processing
times. Also, the free parameters of the source detectiarritiigh could be tested. Another aim of
the simulations was to study the influence of RFI signals erdtita reduction quality and derived
physical parameters. The synthetic spectra, therefowe, toecontain simulated RFI events.
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Figure 2: Histograms of peak (top) and total (bottom) fluxes for allgsuiach plot shows the number of
sources per peak flux interval for the correctly detectedcsjfalse-positivesandnon-detections The
colored numbers mark the total size of each list.

The simulations comprise the generation of artificial seaontaining emission lines, noise,
and eventually narrow-band RFI signals with time-variadaheplitudes (randomly drawn from a
power law distribution with exponent1.5). Our RFI detection algorithm was used to build up a
flag databaseWe computed three different sets of spectra, one set withtmrferences addedun
1), the remaining two including RFI, but one withoutiq 2) and one with RFI mitigation applied
(run 3). The data were gridded and the source detection and paiaatien was completely auto-
mated (using ouGalaxy Parametrizesoftware). The obtained results can be directly compared to
the simulated galaxy properties, leading to empirical messsof the data reduction quality.

One of the key properties of the local universe is therilass function (HIMF), the number
density of galaxies per mass interval and unit volume. Tigh®tic source sample was generated,
such that it follows the HIMF as determined by HIPASS (Zwatal e2005 [6]) .

Fig. 2 shows histograms of the derived peak (top panels) @tatl (bottom panels) fluxes for
all runs. Each plot contains the numbers of sources per peaknfierval for the correctly detected
sourcesfalse-positivesandnon-detectionsAs expected, the non-detections are low-flux sources.
Except forrun (2) this also holds true for the false-positives. The latteendsle an overhead
of about 15% to 25% compared to the correct detectionsr(fior(2) the number outreaches the
matched galaxies by far). hun (2) the number of matched galaxies decreased by a factor of three
due to the high number of false-positives. The plots showlirgintegrated flux distributions are
similar to those of the peak fluxes except for the false-pasidetections, which inhibit a rather
low total flux compared to the non-detections. The RFI sigmalrun (2) are responsible for a
second distribution of false-positives having very larg&lt fluxes. One important result is, that
the numbers of correct and non-detectionsun (1) andrun (3) are comparable, confining that
the RFI mitigation works sufficiently well. Obviously, ineHow-flux regime the number of non-
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Figure 3: Systematic differences in peak flux(left panel), integidbex(middle panel), and velocity profile
width (right panel) as a function of absolute peak and irgttegt flux, respectively.

detections is larger than the number of correct detectiohge for higher fluxes the “survey” gets
more and more complete. Generating sources below the aldtedtion limit, as well, is one way
to determine the actual selection function. Such a proeedas used to compute the completeness
function for the HIPASS survey (Zwaan et al. 2005 [6]).

4. Systematic effects

Some systematic effects in HIPASS were discussed by Zwaah €004 [7]). They com-
pared generated and recovered parameters by computingférerice AP = P'¢¢— P%" To have
a guantitative description, the resulting valus were binned and Gaussians were fitted to the
parameter distribution. The mean of the Gaussjanis an estimator for bias effects while the
variance,o, describes the scatter of the recovered quantities ardwnchean value. The recov-
ered positional parameters (spatial coordinates andndisfado not show any deviation from the
generated values, however, the scatter increases towaedlesflux values.

In Fig. 3 both, the differences between generated and reedyeak fluxAS, (left panel), and
integrated fluxAS,: (middle panel), respectively, are plotted as a functionesbnstructed flux.
The peak fluxes show a significant bias in the low-flux regimg@ of 25mJyBeam® as well as
in the higher-flux regimey{ ~ —20mJyBeam?), counteracting each other. Furthermore, a slight
overall shift of the recovered integrated fluxes to largduesis observedy = 0.3 Jyknys). Addi-
tionally, there is a kind of “wing” for medium integrated flwalues, produced by underestimation
of S5 (for large values ofvsp). In Fig. 3 (right panel) the velocity profile widthyso, deviations
are plotted. They show a strong negative excess in the lowdlgirne. In the high-flux regime this
bias is not seen.
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Figure 4: Left panel: The parametrization used to obtain peak fluxes and veloaitfil@ widths as used
for the HIPASS catalogMiddle panel: A single noise peak can add significantly to the underlyirafife
introducing a bias to the observed peak fluXeght panel: For low peak fluxes negative noise values can
lead to a strong underestimation of the velocity width.

The two effects seen in the peak fluxes are caused by griddiniglf conserves the integrated
flux but not necessarily the peak flux) and the source pararattm method applied; see Fig. 4
(left panel). The peak flux is determined by finding the sgéctinannel with the highest flux in the
velocity profile. This is not a good estimator in the presesfoeoise (see Fig. 4, middle panel) and
biases the peak fluxes to larger values, with a relativegngier impact on smalle®®". Also, the
overestimation of the width of the galaxy profile can be hbttied to the parametrization (Fig. 4,
right panel). The widthwsg is calculated by searching for those spectral channels ahwhe
spectral value has fallen below of 50% the peak value. If gekpntensity is already low, it may
happen, that these points lie below the noise and the widtlbe/uinderestimated. Another source
of uncertainty is due to a selection effect. From the conepless function follows, that objects
with low total fluxes are found only to a certain fraction. Dieenoise, a fraction of the sources
will have a slightly increased detection probability (give noise contribution). Hence, the faintest
sources in the recovered sample are biased to higher flugs/alu
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