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Benjamin Winkel∗, Jürgen Kerp†, Lars Flöer†, Nadya Ben Bekhti† and P. M. W. Kalberla†
∗Max-Planck-Institut für Radioastronomie (MPIfR), Bonn, Germany

Email: bwinkel@mpifr.de
†Argelander-Institut für Astronomie (AIfA), University of Bonn, Bonn, Germany

Email: jkerp@astro.uni-bonn.de
Abstract

We report on the current status of the Effelsberg–Bonn HI Survey, a new large-scale single-dish observing campaign to map
the 21-cm line emission across the full northern hemisphere. Using state-of-the-art spectrometers it is feasible to survey the Milky
Way Galaxy as well as the local universe within a single run. The improvement in terms of sensitivity, angular resolution, and data
quality is demonstrated in comparison to present day datasets.

I. INTRODUCTION

Hydrogen is “the” element in the universe. In neutral, ionized and molecular form it is observable in all gaseous phases of
the interstellar and intergalactic medium. The neutral atomic hydrogen (HI) can be considered as the ideal tracer for galactic
dynamics as well as interstellar gas physics of the cold and warm neutral medium.

During the last two decades several large-scale surveys of HI have been conducted. At the southern hemisphere the HI Parkes
All Sky Survey (HIPASS, [1]) used a newly developed 13-beam receiver to map the Local Volume out to a distance of 170 Mpc
(up to Declination +25 deg). More than 5000 galaxies have been detected and led to an accurate estimate of the HI mass function
[2].

HIPASS was supplemented by a subsequent survey conducted with the Parkes telescope, the Galactic All Sky Survey (GASS,
[3], [4]), which mapped the HI of the Milky Way Galaxy. For the Parkes surveys auto-correlators were used. Restricted in band
width and the number of spectral channels this step-by-step observing strategy was unavoidable.

For the southern hemisphere the GASS supersedes the famous Leiden/Argentine/Bonn Survey (LAB, [5]) which was compiled
from data observed with the Dwingeloo 25-m telescope and the Argentinean Villa Elisa 30-m dish. Today, the LAB, being the
first large-scale survey of Milky Way HI ever corrected for stray-radiation, is the prime resource for HI studies of the Milky
Way. But it is not only a valuable database for analyses of the HI itself. Since it provides a precise estimate of the HI column
density, it has high value for other observing facilities, e.g., for the evaluation of the foreground absorption in the X-ray regime
but also for γ-ray astrophysics for tracing the baryon distribution.

Two other survey projects are currently ongoing at the Arecibo 300-m observatory. The Arecibo L-band 7-beam array (ALFA)
is used to perform a galactic (GALFA, [6]) and an extra-galactic HI survey (ALFALFA, [7]). Although the 300-m dish is superior
in angular resolution and sensitivity, its survey area is restricted to a fraction of the sky.

Here, we are going to report on the new Effelsberg–Bonn HI Survey (EBHIS, [8], [9]) which will complement the two
southern HI Surveys, HIPASS and GASS, on the northern hemisphere. EBHIS is carried out in a single observing run, which
was only made possible by the technical improvements with respect to spectrometers in recent years.

II. THE EFFELSBERG–BONN HI SURVEY

The Effelsberg-Bonn HI Survey is the first full-northern-sky survey ever performed with the Effelsberg 100-m radio telescope.
It was started in 2008 and has mapped the sky north of Declination −5◦ with a new 7-feed L-band receiver. Using state-of-the-art
FPGA-based FFT spectrometers [10], [11] we cover a bandwidth of 100 MHz with 16k spectral channels. It is the high-end
FPGA-spectrometers providing a spectral channel separation of 1.2 km s−1 which made it possible to observe HI in the Milky
Way (at the necessary spectral resolution) and in the Local Volume galaxies (out to a redshift of z ∼ 0.07) in parallel.

The survey is performed in an on-the-fly observing mode, where the sky is divided into fields of 5◦ × 5◦ size. They are
individually calibrated, corrected for bandpass curves and baselines, and — after subtraction of continuum emission and stray
radiation — are finally combined by the EBHIS gridder. The complete data reduction software was designed from scratch [8],
[12], [13] to fit the special needs of EBHIS in terms of calibration accuracy and to handle the huge amount of data (about
10 TByte).
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In spring 2013 we finished the first full coverage of the sky and successfully applied for telescope time to conduct a
second coverage. It is this second coverage which will bring the EBHIS sensitivity on par with the HIPASS survey (σrms ≈
16mJyBeam−1 at a velocity resolution of 10 km s−1). Furthermore, the second coverage — measured in orthogonal scanning
direction — will allow to improve the data processing software by applying techniques like basket-weaving [14]. Stray-radiation
solution and RFI mitigation will also benefit from the second observing run.

The final angular resolution of EBHIS is 10.5’, having a noise level of σrms,median = 90mK at full spectral resolution. This
is an order of magnitude better than provided by LAB (if EBHIS is smoothed to LAB resolution). Furthermore, LAB was not
fully sampled in the spatial domain — which can be a severe problem for the detection of small-scale features; see [9].

Currently, we are preparing the first data release. Data will be made fully public as a service to the community. Details can
be found in a forthcoming paper.

III. NEW SCIENCE WITH EBHIS

EBHIS data offers to address a large number of interesting scientific questions due to its unprecedented sensitivity and spatial
resolution over the full sky. In our group, we are especially interested in studying the Milky Way halo and its connection to the
galactic disk. What fuels the ongoing star formation? What is the mode of accretion? How do intermediate- and high-velocity
clouds and complexes look like when viewing at them with high resolution? In a pilot study, we utilized pre-cursor data from
EBHIS and GASS to do a thorough statistical analysis of high-velocity complex GCN (galactic center negative), revealing
hundreds of tiny little clouds, mostly in the warm gas phase, where previously only a few large “blobs” of HI were seen [15].

Also, being an associated member of the Planck-satellite team we have the opportunity to correlate the HI sky with microwave
and far-infrared information for the full sky, to study the properties of dust in the ISM and Milky Way halo [16].

To give the reader a visual impression of the great quality of the new HI data, we will present two examples in the following.

A. Comparison EBHIS vs. LAB

In Fig. 1 we show a direct comparison of LAB and EBHIS data. The map shows a region towards the galactic anti-center.
The brightness temperature of the single spectral channel at vlsr = −40 km s−1 is dominated by an intermediate-velocity cloud
feature. EBHIS reveals significantly finer details on the filamentary nature of this structure with lots of small-scale features.
The Effelsberg 100-m beam is about 1/3 of the LAB beam. Accordingly small gaseous clouds are detected on a much higher
significance level even after the relatively short integration time of about 37 s beam−1.

We also note, that there are no visible discontinuities in the brightness distribution, although its calibration was performed
independently on each of the observed 5◦×5◦ fields. This is a strong indication for the high quality of the EBHIS data reduction
pipeline, especially with respect to calibration and stray radiation correction.

B. Employing stacking techniques

For EBHIS we are going to utilize a completely automated source finding and parametrization pipeline. Indeed all other com-
parable surveys, like HIPASS and ALFALFA, only used semi-interactive approaches. This is because one is interested to harvest
the datasets down to the lowest feasible detection limits, which is extremely challenging and hard to achieve with autonomous
software. Our source finder is based on 2D-1D wavelet de-noising [17], and along with robust parametrization of candidates,
yields appropriate input to feed an artificial neural network, which matches or even surpasses the detection/classification rate of
HIPASS [18].

With the resulting source catalog of extra-galactic HI sources one can study, for example, the HI mass function and its
dependence on environment and redshift. However, another approach is to use existing databases like the Sloan Digital Sky
Survey [19] with millions of optical detections, extract associated HI spectra — which usually lack an HI detection on its own
— and stack the latter. This way one can expect to find an average HI spectrum with sufficient significance.

Indeed, EBHIS extragalactic data has the necessary quality to allow stacking of tens of thousands of sky positions without
being stopped by systematic effects. This should not be taken for granted. For example, [20] report on stacking analyses based
on ALFALFA and in their case systematic effects produce a factor of two loss compared to the theoretical sensitivity at a number
of about 1000 stacked sight lines (see their Fig. 5), while for EBHIS we can stack 105 spectra before we experience the same
loss of sensitivity; see Fig. 2 (left panel).

Looking at the stacked spectrum we indeed find a clear detection (Fig. 2, upper right panel). It is even feasible to separate
the SDSS input galaxy catalog into different colors (U −G). This is displayed in Fig. 2 (lower right panel). Apparently, for blue
galaxies the mean HI signal is stronger than for red galaxies. Of course this is expected, since blue galaxies are thought to host
a larger fraction of gas.

IV. CONCLUSION

We have demonstrated the high quality of the Effelsberg–Bonn HI Survey for the galactic and extra-galactic part of the data.
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Fig. 1. Comparison between LAB and EBHIS data. The maps show a field towards the galactic anti-center for a radial velocity of vlsr = −40 km s−1. The
much better angular resolution of EBHIS is obvious. It makes the filamentary nature of the target intermediate-velocity cloud feature much more pronounced
than in the older LAB dataset.
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[14] B. Winkel, L. Flöer, and A. Kraus, “Efficient least-squares basket-weaving,” A&A, vol. 547, p. A119, Nov. 2012.
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