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A MUSE survey of the dense halo gas in z~3 galaxies near optically-thick absorbers
Abstract
This is the first data release of 23 MUSE cubes obtained in quasar fields at z~3-4.5 as part of the
Large Programme ID 197.A-0384, aimed at studying the distribution of gas around galaxies. For
each field, we release the final coadded data cubes totaling ~4 hours of on source observations
using the extended wavelength mode. Data have been reduced with the ESO/MUSE pipeline via
the Esorex Recipe Execution Tool and are released jointly with the associated white-light images.

Overview of Observations
Observations for this large programme have been obtained between period 96 and period 103
using the MUSE instrument in wide-field mode with extended wavelength coverage, encompassing a region of approximately 1x1 arcmin2 with the targeted quasar close to the centre of the field
of view. Observations collected exclusively as part of the Large Programme ID 197.A-0384 have
been acquired in a series of 5 observing blocks, where each observing block was composed of
~3x960s exposures, totaling ~4 hours of observation on source. Four objects (J012403+004432,
J111113-080401, J120917+113830, J193957-100241) include also archival data, collected as
part of the programmes ID 094.A-0585, 094.A-0131, 095.A-0200, 096.A-0222. For three of these
objects (all but J012403+004432), the archival data have been collected in nominal wavelength
mode and combined with data in extended mode collected as part of this large programme.

Release Content
Data for the sources listed in the following table are released.
The table lists: the reference name of the quasar; the common name in the NASA/IPAC Extragalactic Database (NED); the right ascension and declination of the quasar at the centre of the field
(J2000); the quasar r-band magnitude with its associated uncertainty; the quasar redshift derived from rest-frame UV lines with its associated uncertainty; the number of known strong absorption line systems; the total on-source exposure time of MUSE observations; the programme
number under which observations have been collected; the resulting image quality in the reconstructed r-band from MUSE data; the limiting flux (1s pixel rms) measured at 5500A and the corresponding AB magnitude (2s) for a 0.7 arcsec aperture. For further details on the listed quantities see Lofthouse et al. 2019, doi:10.1093/mnras/stz3066.
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Release Notes
Data Reduction and Calibration
The reduction pipeline used is based on the recipes distributed as part of the ESO MUSE pipeline
(Weilbacher et al. 2014, version 2 or greater), which processes the raw data and applies standard
calibrations to the science exposures. Briefly, the pipeline generates a master bias, a master flat,
processes the arcs, and reduces the sky flats. Next, calibrations are applied to the standard star
and a sensitivity function is then generated. Finally, these calibrations are applied to the raw science exposures and data cubes with associated pixel tables are reconstructed.
After this stage, using the ESO MUSE pipeline, we reconstruct cubes that are sky subtracted by
the ESO pipeline with models of the sky continuum and sky lines that are computed using the
darkest pixels in the field of view. After aligning the individual exposures by using point sources
in the field, we generate a stack of all science frames into a single final cube. Finally, we register
this final stack on a reference coordinate system by imposing an absolute zero-point for the
world coordinate system using the position of the quasar at the centre of the field. For our reference system, we use Gaia astrometry (Gaia Collaboration 2018). Wavelengths are in air with barycentric corrections applied.
Readers can refer to Lofthouse et al. 2019
(doi:10.1093/mnras/stz3066) for further details on the reduction.

Data Quality
To validate the photometric calibration of our fields, we compared the r-band aperture magnitudes obtained from the data cubes against the Petrosian magnitude from SDSS. We found that
for 443 bright sources (mr < 22 mag), the median difference between the MUSE magnitudes and
the SDSS ones is less than 3 per cent. Similarly, we compared the quasar spectra extracted from
the MUSE cubes with the archival spectroscopy described above, finding excellent agreement
with respect to the wavelength calibration. Finally, we measured the resulting image quality on
the reconstructed r−band images by fitting a 2D Moffat function to point sources in the fields. The
resulting full widths at half-maximum are listed in the table above, showing that we achieve an
image quality ≲ 0.8 arcsec for all the fields. In this table, we also list the 1σ root-mean-square
(rms) of background pixels computed in a 50 Å window centred at 5500 Å in each cube, as a metric of the achieved depth in our observations. These values are also converted to 2σ AB limiting
magnitudes assuming a 0.7 arcsec aperture.

Known issues
Data provided in this data release are known to have imperfections in the sky subtraction and in
the illumination uniformity of the field. Also, the standard deviation computed during the standard data reduction is known to be underestimated by a factor of ~1.2 compared to the true noise.
For more details on these issues, and ways to correct them, see Lofthouse et al. 2019,
doi:10.1093/mnras/stz3066. Future data releases will deliver data products that correct these
issues.
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Data Format
Files Types
The cubes and white-light images released follow the standard format described in the MUSE
pipeline manual. Cubes and images are named according to the following convention:
JXXXXXXxXXXXXX_cube_eso.fits
JXXXXXXxXXXXXX_image_eso.fits
where JXXXXXXxXXXXXX is the short form of the quasar R.A. and Dec. (J2000).
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