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Abstract

This data collection provides pipelinereduced images obtained wittHAWK:I, a nearinfrared

j m8a8yuv M ¢ deadinabed. In2@3, the full HAWKI archived dataset, comprising the ob-
servations from the beginning of regulamperations (April 2008) until September 2015, was re-
duced by the CambridgéAstronomy Survey Unit (CASU) using newly developed calibration and
science recipes. As of 2017, the ESO Quality Control (QC) Group took over to continue the pro-
cessing of HAWKI science data, starting withdata taken in October 2015 and with further data
being added at regular intervals.

This release description has two parts: the first describes thgeneral methodsapplied along with
details of the CASUprocessing. The second part describes differencés the ESQprocessing (ap-
plicable for observationsmeasuredpost September2015).

Part 1. Generainformation and CASlprocessing

Overview ofObservation

Thedata set contains all of the science observations done using the HAWKstrument. These are
not part of asingle selfcontained project or survey. Rather, they contain observations from many
different projects and surveys, using various filters and observing methods. The distribution of
fields is obviously governed by the time of year in which the observatis were taken.

ReleaseContent

This part of the data collectioncontains all ofthe scienceobservations done with HAWKI starting
from 2008, andcontains data up to October2015. The @ntent is increased beyond this date with
ESO takingover the science processingf HAWK:I images (see Part 2)The first data release (April
2008 z September 2015) consists of 40,552 frames with a total size of 3.2 Th

From both the CASU and the ESO processititg following data products are availablefor science
observations:

Stacked jittered images of the individual exposures at the detector level
Variance arrays for the stacks

Confidence maps for the stacks

Single-band source catalogues for the stacks

Fully tiled images of all of the individual expostes

Variance arrays for the tiles

Confidence maps for the tiles

Sngle-band urce catalogues for the tiles.
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1 http://www.eso.org/sci/facilities/paranal/instruments/hawki.html
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All reduction hasalways been done at the OB level and no attempt has beerade to stack data
between OBsThe following observations hawe beenomitted:
f Observations done under any technical progmameE AOET ¢ Al /" 3802/ '8)%$ 1 EE
AT A O(mgudidg any standard star observations).
1 Observations done in HAWK burst mode (DPR.CATG "SCIENCE" and DPR.TEGHIM-
AGE,HID Q8

Release Notes

The data for this release was processed by the Cambridge Astronomy Survey Unit (CASU) using
recently written science recipes that run within the ESO CPL environment. The main processing
steps(applicable also to the ESO QC processingke described in thefollowing section.

DataReduction andCalibration

For all observations the following data reduction steps are performed:

91 Dark correction using amaster dark frame of the correct DIT/NDIT combination. By and
large dark observations are done after sunris for the DIT/NDIT combinations that have
been used during the previous nightWhere this has not been the case or where there was
some sort of failure in the dark observation, a similar master dark frame from another
night has been substituted.

1 Flat fielding using a master twilight flat field for the matching filter. Twilight flat fields are
changed roughly every three months during the reduction. This is so that there will be
three months of data that can be stacked together in order to work out the illaination
correction.

1 A gain correction is applied to each detector. This is done to compensate for slight gain
variations between the detectors.

1 Askybackground estimate is obtained and subtracted from each individual exposure. Get-
ting this correct is just about the hardest task in infrared imaging. Because the infrared
sky varies rapidly both temporally and spatially the best way to do this is to use the science
images themselves to form 2d sky background imagetn the case where there are large
extended source in the science images, then it is often the case that offset sky exposures
will have been done

1 A source catalogue is extractetbr each exposure and this is used to fitworld coordinate
system (WCS).The ZPN projection is used in conjunction #h known projection coeffi-
cients. In general the WCS is done relative to the WISE pobsdurce catalogue. Thisin
general, has a higher source density than the 2MASS BS@ich can be importart for
HAWK:I as the field of viewis small and the instrument is generally used in regions here
there are few stars. However in regions with large amounts of nebulosity the random er-
rors in the WISE coordinates become significantly worse than for 2MASS and in such cases,
2MASS is substiited. The WCS is fitted to all four HAWAKdetectors simultaneously using
the known internal geometry of the focal plane.

1 The individual exposures for a single OB and a given detector are stacked using the WCS
solutions defined above.The stacks are formedusing a btlinear interpolation algorithm
to resample the input pixels onto the output grid. This leads to an OB stack for each detec-
tor. Note that the image stacks and tileare re-gridded to a TAN projection. However, if
a stack or tile consists of nly a single exposure, then this will retain the ZPN projection.

1 Asingle-band source catalogue is extracted from the stacked images (one for each detec-
tor) .

1 The source catalogue is used to redefine the WCS for the stack and to do a photometric
calibration against the 2MASS PSEee page8 for relation between HAWK| and 2MASS
filters) .

1 The individual exposures for a single OB for all detectors are tiled togethes form a single
mosaicked image.



1 A source catalogue is extracted from the tiled image.
T 4EA OEI AGO 7#3 EO OAAAEET AA OOET ¢ OEA AAT OA 010
photometrically calibrated.
1 The spatial resolution quality keywords PSF_FWHM and PSERR are computed using
stellar sources in each image If the data is a multiextension stack and there are an insuf-
ficient number of stars in the field of view of any single detector, then the average value of
the other detectors is used for this keywrd. Otherwise, the Paranakeeing monitor
(DIMM) is usedby converting its valueto the different telescope size, the diffeznt wave-
band,and an average over the duration of the exposureThe keyword comments describe
the method used.

All image produds are accompanied by a variancamap thathas been propagated through the com-
plete reduction cycle. Stacks and tiles also have a confidence m@purce catalogues are generated
at a threshold of 1.5 times the background noise, with a minimum area of 10 pi%.The reductions
were done with version 11.0 of the pipeline suite.

Data Quality

9 The astrometric solutions are generally good t@50 milli-arcseconds, with nadiscernible
systematic residuals, however, individual images can be slightly worse.

1 There are projects that have used defocuseithages that givesignificantly worse solu-
tions. These typicallycanhave 500 milli-arcsecond residuals.

For all of the HAWKI object cataloguesa sourceby-source match was made to the 2MASS cata-
logueto determine the overall astrometric and photometric quaity of the images.This comparison
was done using all offie 11 available HAWKI filters (the broad band filters: Y, J, H, and Ks; as well
as the narrow band filters: BrG, CH4, HRIB0984, NB1060, NB1190, antiB2090). It was found
that 82.4% of sources have magnitude differences of less than 0.1 magnitudes (92.3% hawa||<
0.2 magnitudes).

For both the astrometric and photometric quality it is apparent that these results are slightly worse
than the internal errors of the 2MASS catalogue. The slightly larger mean internal rms can be ex-
plained by the fact that the bright catalogue stars are irariably saturated in the HAWKI images
and, therefore, only the fainter, less reliable, catalogue stars are available for calibratiofslightly
better photometric result can be achieved by limiting the matching to the core broaland HAWk

| filters.

For the entire reprocessing release, these results are summarised in Table 1 and Figure$ 2.

Astrometric and Photometric Accuracies

median3- | cos(]) 0.0+/- 0.2 arcsec
0.0+/-02 arcsec
0.0 +/- 0.2 magnitudes

Table 1: a summary of the resultghat matchthe HAWK: tile source lists with the 2MASS cata-
logue.

2 Based on investigations done with the CASU processing results for observatidrem April 2008 to September 2015



1ol vs Aj (2MASS - matched_HAWKI_tiles_photo.cat) (1462586 sources)
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Figure 1: the astrometric quality ofthe HAWK: | reprocessed tiles as measured by comparing the

HAWK:I source lists with the2MASS catalogue The standarddeviation of the 3= fcos(j) and3- )

distribution is 0.2 arcsec Thisis closeto the accuracies of the 2MASS point source catalogue.
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catglggue magnitudes vs. image magnitudes (2MASS - matched_HAWKI_tiles_photo.cat) (1462586 sources
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Figure 2: Amagnitudeza 1 ACT EOOAA AAT Glie@hbtodelrit ddali) & the ET C
HAWK:I source catalogues. The da is derived from sources in all 11 filters from reprocessed
HAWK:I tiles matched with 2MASS catalogue stars. The standard deviationtbé magnitude
difference distribution is 0.2 magnitudes, with ®8p 1 £ O1 0 OAr € 0.Endagniiuded s 3
and 92.0%1 £ O1 0 0A A < EAntagnituges.s 3

Known issues
None known

Previous Releases
None

Data Format

FilesTypes
In case ofthe CASU processing for data obtained until September 201the files are generally
named after the raw files they are derivedrom. In the case of stacks or tiles, the name is derived
from the first raw file included in the combined file. Below are examples of the file names that may
be created from a given OB. The first raw file in this OB was called HAWKI.2€03
02T03:17:00.146 fits:

1 HAWKI.2013-08-02T03:17:00.146_st.fitsg the stacked exposures from the whole OB (one
stack per detector).
HAWKI.2013-08-02T03:17:00.146_st_var.fitg the variance map for the stack
HAWKI.201308-02T03:17:00.146_st_conf.fitg the confidence map forthe stack
HAWKI.201308-02T03:17:00.146_st_cat.fitg the source catalogue for the stack
HAWKI.201308-02T03:17:00.146_ex_tl.fit the full tile for the OB with all detector im-
ages combined onto a single output grid
HAWKI.201308-02T03:17:00.146_ex_tl_wuafits z the variance map for the full tile
HAWKI.201308-02T03:17:00.146_ex_tl_conf.fitg the confidence map for the full tile
HAWKI.201308-02T03:17:00.146_ex_tl_cat.fitg the source catalogue for the full tile

=a =4 -4 -4
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For a description of the nomenclature ofiles from the ESO QC processing please see pade

With the exception of the tile products all of these are delivered as a single muétktension FITS
files with each detector being represented as an image or binary table extension. The ordering of
the extensions is as it is in the raw files with the detectors represented in the order 1,2,4,3. The
primary header unit has just header information that is relevant to the exposure or the stack as a
whole. Tile image products are represented as a simple FITS filghereas the tile catalogue is rep-
resented as a single binary FITS table extension.

CatalogueColumns

Table 2. Catalogue columa (CASU and E3 QC producd)

Col# | Name Description

1 Sequence_number| Running number for ease of reference, in strict order
of image detections

2 Isophotal_flux Standard definition of summed flux within detection iso-
phote.

3 X_coordinate Thex, ycoordinates and errors with (1, 1) defined to be tf

4 X_coordinate_err | centre of the first active pixel in the image array.

5 Y_coordinate

6 Y _coordinate_err

7 Gaussian_sigma | Second moment parameters

8 Ellipticity

9 Position_angle

10 | Areal 1 profile The number of pixels above a series of threshold levels,

11 | Areal_2_profile tive to local sky. The levels are set at T, 2T, 4T, 8T, 16T,

12 | Areal 3 profile | 32T, 64T and 128T where T is the analysis threshold

13 Areal 4 profile

14 Areal 5 profile

15 Areal 6 profile

16 Areal 7 profile

17 Areal 8 profile

18 Peak height Peak intensity and its error in ADU relative to local value

19 Peak_height_err| sky

20 Aper_flux 1 Flux and error within a specified radius aperturetypically set so

21 Aper_flux_1_err that'Y 80 "Oivhere the quantity in angle brackets is

22 Aper_flux_2 the mean FWHM of all stellar images. This is also known as the

23 | Aper_ flux 2 err | OAT OA OA A Etirésthée coriedoond © G, 1,11¢,

24 | Aper_flux_3 2,¢l¢, 4,5, 6,7, 8, 10, and 12) ties the core radius.

25 Aper_flux_3_err

26 Aper_flux_4

27 Aper_flux_4 _err

28 Aper_flux_5

29 Aper_flux_5_err

30 Aper_flux 6

31 Aper_flux_6_err

32 Aper_flux_7

33 Aper_flux_7_err

34 Aper_flux_8

35 Aper_flux_8 err

36 Aper_flux_9

37 Aper_flux_9 err

38 Aper_flux_10

39 Aper_flux_10_err




40 Aper_flux 11
41 Aper_flux 11 err
42 Aper_flux 12
43 Aper_flux 12 err
44 Aper_flux 13
45 Aper_flux 13 err
46 Petr_radius Petrosian radius, in pixels as defined in Yasuda, et al.
2001, AJ, 112, 1104.
47 | Kron_radius Kron radiusj in pixels as defined by Bertin and Arnouts
1996, A & A Supp, 117, 393.
48 Hall_radius Hall radius,i in pixels as defined by Hall and Mackay
1984, MNRAS, 210, 979.
49 Petr_flux Petrosian flux and error toci
50 Petr_flux_err
51 Kron_flux Kron flux and error to i
52 Kron_flux_err
53 Hall_flux Hall flux and error toui . Alternative total flux
54 Hall_flux_err
Error_bit_flag Bit pattern listing various processing error flags. Currentl
55 this is the number of bad pixels included in the aperture f
(Aper_flux_3)
56 | Sky_level Local interpolated sky level from background tracker
57 Sky rms Local estimate of variation in sky level around images
58 Parent_or_child Flag for parent or part of deblended deconstruct
59 RA RA and Dec of each object in degrees
60 Dec
Classification simple flag indicating most probable classification for ob-
ject:
61 -2: Object is compact (maybe stellar)
-1: Object is stellar
0: Object is noise
1: Object is nonstellar
Statistic an equivalent N(0,1) measure of how stelike an image is|
It is used in deriving th
not sufficiento sense. Th
crete curveof-growth analysis from the peak and aperture
62 fluxes and als factors in ellipticity information. The stellar
l ocus is used to define t
of magnitude such that th
approximate N(0,1) distribution.
63-80 | blank

Converting the source catalogue fluxes (here, usiramy of the13 aperture flux values
Aper_flux1 to Aper_flux13) to magnitudes can be done with the following relation:

magnitude = PHOTZP- 2.5*og 10(Aper_flux_i) - APCOR

(fori=1...13)

where uppercase parameters indicate header keywords:

PHOTZP

=the photometric zeropoint [magnitude]



APCOR

Colour transformation
HAWK-1 and 2MASS filtergelate as follows:

YHawki

Jhawki

Huawki
KSHawki
CH4awki
H2nawki
BrGaawki
NB1060+awki
NB1190+awki
NBO0984nawki
NB2090+awki

=1.52 * Jvass
=0.85 * Jvass
=006 * Imass
=0.03 * uass
0.06 * duass
0.03 * duass
= 0.03 * dvass
= 1.50 * Jvass
=0.85 * Jvass
= 1.62 * Juass
=0.03 * Juass

= the stellar aperture correction forith aperture flux [magnitude]

MO0.52 * Hwmass
+ 0.15 * Hwmass
+ 0.94 * Hmass
+ 0.97 * Kvass
+ 0.94 *Homass
+ 0.97 *Komass
+ 0.97 * Kvass
MO0.50 * Hwmass
+ 0.15 * Hwmass
MO0.62 * Howmass
+ 0.97 * Kvass



Part 2: ESO processing

Differencesin data processingo CASU

This part describes differencesn the ESO processing, applicable to observations measured in Oc-
tober 2015 and later.

Data selection

The processing is carried out for input data sets with at least four fileBecause the background
estimation is usually rather poor in such cases and resulting stacked images show significant arte-
facts.

Data reduction

Master calibrations. Master calibration products are regularly created from all measured calibra-
tions. They arequality-reviewed and certified. The closesin-time certified calibrations are taken
for the science reduction. Master darks (matching the DIT/NDIT combination of the science data
are typically measured within 24 hours from the science okervation. A suitable twilight flat field
(matching the filter) is usually available within +21 days.

Source catalogue. For fitting world coordinate systems (WCS), preference was given to 2MASS vs.
WISE because the intrinsic accuracy is higher and the risk for ambiguity during source detection
in crowded fields is much lower. h very few cases, source detection ahtherefore data reduction

is impaired because the lower density of sources in 2MASS leads to an insufficient number of de-
tections within a certain field. These observations have been processed again, this time using the
WISE cataloguelf this is the ase, a commet has been added inthe QC_COMM<n> header key-

wordsin the products.

Photometric calibration .Photometric calibration is always done using 2MASS (as f&@ASU)In a
few rare cases, neither photometric standard stars could be identified nor @efault photometric
calibration could be applied. The corresponding data have not been included in thellection.

Pipeline version . The initial data processed by the ESO QC group was created with pipeline ver-
sion2.1.1. The atual version can be found in the headersf the product FITS files in the keyword
OO0 ZTBOF6 8

Added information

Products

The same pipeline productsas forCASUare delivered. Stacked antiled images have some header
keywords added with information related to the OB and to the Quality @trol (QC) process (see
Table 3.



Table 3. Added Fits keywords

Keyword | Values | Description

OB related information:

VM_SM O06-8 1 O & 3/{ Datataken in Service Mode of Visitor Mode. VM
data are less constrained in terms of OB proper|
ties, they have no useconstraints defined and
therefore no OB grades

OB_GRADE O! 8h O" 6h {Immediate grade given by the night astrono-
mer, considering ambient conditions checked
against user constraints

OB_COMM<n> Free text Any optional comments added by the night as-

tronomer, together with the approximate UT
hh:mm (truncated after 200 characters)

QC related information:
QG-LAG A8C8 Onmnmnmn| QCflagcomposed of seven bits, see Talle
QC_COMM<n> Free text Optional comments added during the review of
the pipeline products

QC flag
4EA EAAAAO EAU O1 +idageptoductEdescribds Automatialty assigned quality

flags. It is comprised of seven bitésee Table418 &1 O AAAE AEOh AEAA KA O Baks

A OAIT OA 1T £ Onnnnnnnd A O OEA 1# Al AC ET AEAAOGAO OEAC

Flags #1 and #2 assess the quality of the data processing. Flag #1 is set when less exposures than
originally intended have been executed (TPL EXPNOT®L NEXP for the last input raw file). This
means that the observation is not as deep gdanned. Also, additional executions of the same OB
may exist in order to compensate for this. Note that such cases are processed separately; there has
been no attemptto stack exposures from different executions of the same OB.

Flag #2 is set when the time difference to the applied master twilight flat is larger than 21 days,
the frequency according to the calibration plan. A minor violation is usually not an issuesbause
flats are reasonably stable but large time differences may, nevertheless, indicate a potential prob-
lem with flat fielding during the reduction.

Flags #3 to #7 are related to the quality of the product. The HAWKdetector pixels become non
linear if they are exposed beyond 25000 ADUsDue to detector defects, @me pixelsare always
classifietdasOAAA6 N ET A OUDPEAAI A@bil 0OO0OAh OEA OI OAl 1
this is not the case then flag #3 is set. This could indicate thttere are overexposed sources in

the observation.

In almost all exposures, some standard stars for the photometric calibration could be found within
the 2MASS catalogue. If this is not the case then flag #4 is set.

The typical accuracy of the astrometii calibration isbetter than about 0.3 arcsecsThis is similar
to the intrinsic accuracies of the 2MASS stars. Higher errors are indicated by flag #5.

The pipeline reports the imagequality as the average FWHM of stalike sources. While large val-
ues canbe due to poor weather conditions, very low values for noi#\O observations could indicate
that (detector) artefactshave been falsely identified as sources. Flag #6 is, therefore, set when the
reported average image quality is below 0.3 arcsec. This catcur when there are very few stars

in the field and thedetections are dominated by detector defects.

Finally, bit #7 is related to the optical quality of the observation and flags measurements where
the average ellipticity is above 0.25.

EOIT U xEOEET ATl
8 6- AAOA AOA @i &

10
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Table 4. QCflags

arcsec?

indicate an issue with
the WCS fit

Bit Content(if YES value | Motivation Header key$
is 0, otherwise 1) ol L9w! w/ I
#1 z template com- Template completely | If not, intended depth | TPL EXPNO,
plete executed? of the observation TPLNEXP
may not be reached,;
further exposures
may exist to compen-
sate
#2730 OI1 O x| Time difference to If not then this means | None
flat applied twilight flat < | a potential issue with
21 days? flat-fielding
#3 z non-linear pix- Number of pixels High numbers of nor | None
els having more than linear pixels indicate
25000 ADU in first saturated sources
raw file below
10000?
#4 z number of pho- | Standard stars for If not then a default QCMAGNZPT
tometric standards zeropoint calculation | zeropoint is written
found in FOV? to the product head-
ers
#5 z error on WCS Error on WCS < 0.3 | A higher error may DRSSTDCRMS

#6 z image quality

Image quality > 0.3
arcsec?

For non-AO data, a
small value indicates
that artefactshave
been falsely identi-
fied as astronomical
sources

QCIMAGE_SIZE

#7 z ellipticity Ellipticity of stellar High ellipticity could | QCELLIPTICITY
sources < 0.25? indicate a problem
with the instrument
focusor guiding
Previews

The preview plots have been originally developed as quiekook plots for the process quality con-
trol. It was felt that they might also be useful for the archive user. They are delivered as ancillary
files along with the main products. There is one preview associated to a tiled image (combigiall
four quadrants, see Fig. Band four plots for a jittered product (one plot per quadrant, see Fig}

Process gquality control

The quality of the data reduction is monitored with quality control (QC) parameters which are
stored in a database. They are publicly accessible through a brow8end a plotters interface. A
subset of these parameterss evaluated for the QC flag (see above).

Figure 5is an example plot that can be derived from QC parameters. It shows the error of the WCS
versus the number of stars used for the WCS fit. The threshold used for the score bit #5 is indicated
by a horizontal line. Most fields have WCS error below this thshold.

4In the image and catalogue prod A® £ET1 AO8 4EA EAUxiI OAO O1# )-!"'" % 3): % AT A O1#
catalogues

5 Browser: http://archive.eso.org/qcl/qcl_cgi?action=qcl_browse_table&table=hawki_science_idp

6 Plotter: http://archive.eso.org/gcl/qcl_cgi?action=qcl_plot_table&table=hawki_science_idp
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http://archive.eso.org/qc1/qc1_cgi?action=qc1_browse_table&table=hawki_science_idp
http://archive.eso.org/qc1/qc1_cgi?action=qc1_plot_table&table=hawki_science_idp

HAWKI data product preview

r.HAWKI.2016-01-02T00:45:56.967_til_0000.fits

Product TILED_IMAGE RUN_ID: 095.D-0025(4) Filter 1: Ks
©OBS_ID: 1222349 08B_name CEP227 26 Filter 2: OPEN
MD_0BS:  57389.03190934 Target: cep227

Date: 2016-01-01

— Cuts and confidence map
plot cuts = 3786.88, 3842.38 plot cuts = 90, 110
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Score bit: 0000000

WCS err["]. 0.103
Nstars WCS: 228
Avg airmass: 151

Delta_t[d]. 6.959
Npix nonlin: 262
Sky [ADU]: 3798.58

Texptime[s]: 168.0
N frames: 42
Separate sky: N

Img quality["]: 0.50
Ellipticity: 0.06
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Mag limit:  20.07
Zeropoint 2489
Nstars ZP: 233

created by hawki science py v1.0 on 2017-05-08T17:05:09

Figure 3. Preview plot associated to a tiled product. It has an overview of the complete image, the
confidence map associated to this image (upper right), three cuts through the image (which are
also indicated as blue lines in the overview imageand two product histograms (one around the
residual background level and one for the overall distribution). At bottom, a set of QC parameters
applicable to the product are printed: Texptime (total exposure time of the stagkrom header key-
xT OA O %8, Naramedanumber of input raw frames  EOT |
#1 -gh 3 APAOAOGA OEU j 0956
sourceh /A£OT i O1# ), Elipticity%aveage elticity of star-like sourcesh  £OT |

, ) 04) %N sb@ades (total number of identified sources), Mag limit (limiting magnitudgfrom
O1# ,) -) 4) Zertopoint(phodometric zeropoint for this observatioth A£OT | O 1)#
Nstars ZP (number of standard stars used for zeropat calculatonh  A£OT | O1 #, WCB"
err (error of the world coordinate systemh  A£OT | 0 $ 2)3 Nstard WES (audnber of stars
used for fitting the WC® A£OT I O$ 2 3, Avg Birmas? (aBitge airmasse during observa-
tion of the stack), Delta_t (tine difference to applied twilight flat), Npix nonlin (number of non
linear pixels), Sky (average sky value A£OT I O1 #), andtte.scorg kitd@n top, some key-
word values extracted from the product header are printed
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Figure 4. Preview plot associatedto a jittered stack. It comes per quadrant. Content is basically
the same as for the tile except that only two cuts are drawn. The score bit has been omitted since
it is only applicable to the tile

Figure 5. Error of the WCS fits versus number of stars used in the fit. Tipdot comprises of data
from all observations executed between October 2015 and May 2017. The left panel shows the
complete sample, the right panel a close up
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