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GOGREEN and GCLASS First Data Release

Release date: Aug 11, 2020

Description and Executive Summary

This is the first Public Data Release (DR1), including all GOGREEN and GCLASS data. It is described in the accompanying paper, Balogh et al. (2020).
This release includes photometry (imaging, catalogues and derived products) and spectroscopy for all systems in GOGREEN and GCLASS, except SpARCS1033 for which most of
the photometric imaging and catalogues are not available. We include the available, reduced HST images for all GOGREEN clusters. The Ultravista photometric catalogues

(Muzzin et al. 2013) are also included, as these are the source of photometry for the COSMOS- systems in the sample. The SXDF catalogue of Mehta et al. (2018) must be
downloaded separately, from http: //homepages.spa.umn.edu/~mehta074/splash/

Finally we provide two python3 Jupyter notebooks for reading, manipulating and plotting the data.

Errata and updates

Please report problems and questions to mbalogh@uwaterloo.ca.

Data Access

The whole data release is ~24Gb in size. This is dominated by the images in the PHOTOMETRY/IMAGES directory. If you don’t need access to those you can save a lot of
download time.

1. CADC (https: //www.cadc-ccda.hia-iha.nrc-cnrc.ge.ca/en/community/gogreen)
2. NSF's NOIRLab Data Labs (coming soon, to https: //datalab.noao.edu/gogreendrl/). In addition to the raw data directory, Data Labs will soon provide an integrated file
service with Simple Image Access and other features being developed.




Data Access 1: CANFAR VOSpace

https://www.canfar.net/storage/list/GOGREEN/DR1

<>E§AN FAR Documentation Services ~ About Open Source Login ~

&3 /GOGREEN/DR1

& Up il Root

113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)

Showing 1 to 5 of 5 entries
Name Size Last Modified (UTC) Read/Write Read Owner
'™ CATS 162.44 MB 2020-08-10 - 15:14:53 GOGREEN Public mbalogh
'™ PHOTOMETRY 22.70 GB 2020-08-11 - 17:36:05 GOGREEN Public mbalogh
Bk README 5.30 KB 2020-08-10 - 15:15:00 GOGREEN Public mbalogh
'™ Scripts 3.64 MB 2020-08-10 - 15:15:00 GOGREEN Public mbalogh

'™ SPECTROSCOPY 332.14 MB 2020-08-10 - 15:15:00 GOGREEN Public mbalogh
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Data Access 2: NSF's NOIRLab Data Lab

https://datalab.noao.edu/gogreendrl/

_ ASTRODatalab - -
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Gemini Observations of Galaxies in Rich Early ENvironments
GOGREEN Landing Page

GOGREEN and GCLASS First Data Release at NOIRLab's Astro Data Lab

Release date: Aug 11, 2020

Data Lab primer and disclaimer

Hosting of the GOGREEN Data Release 1 products at Astro Data La pilot proj 1 the GOGREEN
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VOSpace structure: DR1/CATS

Clusters.fits
26 rows, 38 columns

column parameter name description

1 cluster Short name of each cluster.

2 fullname Longer format cluster name

3 cluster_id An integer which is used to identify the corresponding photometry. It is a unique number for each SpARCS
and SPT cluster; it is 14 for all COSMOS clusters and 13 for those in the SXDF.

4-5 RA_Best, Coordinates, in J2000 degrees, for the best estimate of the cluster centre. For the SPT and SpARCS clusters,

DEC_Best this is the location of the BCG. For the COSMOS and SXDF clusters, it is the average position of members

as described in §4.2.3.

6-7 RA_GMOS, Coordinates, in J2000 degrees, for the centre of the GMOS spectroscopic observations (GOGREEN only).

DEC_GMOS

8 PA_GMOS Position angle, in degrees, for the GMOS spectroscopic observations (GOGREEN only).

9 Redshift Best estimate of the cluster redshift, based on available spectroscopy, including publicly available spectra
from other sources not included in this release.

10-11 vdisp, vdisp_err Velocity dispersion and its uncertainty, in km/s, computed as described in §4.2.3.

12-17 gogreen_mN Name of each GOGREEN GMOS mask, for N from 1 to 6, used to obtain spectra for this program.

18-22 gclass_mN Name of each GCLASS GMOS mask, for N from 1 to 5, used to obtain spectra for this program.

23 Kphot_cat Name of K-selected photometry catalogue

24 photoz_cat Name of photometric redshift catalogue

25 stelmass_cat Name of catalogue with stellar mass information

26-37 IMAGE_X Name of image for filter X for SpARCS and SPT clusters.

38 Preimage Name of the GMOS z-band image, or Subaru pseudo-image, used for mask design. Note the preimages were

>
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used for mask design but are not optimally reduced, specifically regarding sky subtraction and astrometry.
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/GOGREEN/DRT1

Search Name... & Up il Root

113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)
Showing 1 to 5 of 5 entries
Name l: size

162.44 MB

& PHOTOME 22.70 GB
B README 5.30 KB
™ Scripts 3.64 MB
& SPECTROSCOPY 332.14 MB

@%AN FAR

/GOGREEN/DR1/CATS

Search Name... & Up il Root

113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)

Showing 1 to 3 of 3 entries

Name 1= Size
[0 B Custersiits | 39.38 KB
O B Photo.fits 162.09 MB
O B Redshift_catalogue.fits 315.00 KB
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VOSpace structure: DR1/CATS

ANFAR

/GOGREEN/DR1/CATS

Search Name... & Up il Root

column parameter name description
1 Cluster Short name of each cluster; matches the entry in Table 2 Redsh |ft cata I Ogu e ,ﬁtS
2 SPECID A unique identification number. The first digit identifies the origin of the spectrum: 1 for GOGREEN and - o
2 for GCLASS. The next two digits correspond to the cluster_id identifier in the Cluster catalogue, that 2771 rOWS, 27 COI umns 113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)
specify the photometric field. The remaining digits are the galaxy ID (only unique for a given field and ; :
source). Showing 1 to 3 of 3 entries
34 RA(J2000), Target coordinates, in J2000 degrees. For GOGREEN, these coordinates correspond to the z” image coor- o
DEC(J2000) dinates used for mask design. These have been transformed to align with the Ks images; however positions Hame I= size
will not match exactly with coordinates in the photometric catalogues. N :
5 OBIClass This has a value of 1 for GOGREEN primary targets, i.e. those that match our photometric selection criteria. o B Clustersfits Sl
A value of 3 corresponds to a GOGREEN "mask filler" object, and 4 identifies a GCLASS spectrum. @) B Photo fits 162.09 MB
(OBJClass=2 was reserved for stellar sources used for telluric correction, and these are not included in the
catalogue). O B Redshift_catalogue.fits 315.00 KB
6 Redshift The redshift measured from the spectrum
7 Redshift_Quality ~ The redshift quality flag. Both quality 3 and 4 are secure galaxy redshifts and can be used for scientific
analysis; the difference between them is subjective and not rigorously defined. Quality 2 is a "best guess” but . . . . - ;
should be used with caution; this includes cases where there is plausible consistency with the photometric 16,17 EWHdelta, The equivalent width of the Hé absorption line and its uncertainty, in A, using the line index definitions in
redshift, but no clearly identifiable spectral features. Quality 1 means no redshift is available. cEWHdelta Balogh et al. (1999). Positive values represent absorption. See § 4.2.2
8 EXTVER This is the science extension number in the Fits files with the 1D and 2D spectra (see § 6.5). 18,19 EWOII_model. The equivalent width of the [On] emission line and its uncertainty, in A, calculated from the Gaussian fitting
9 Spec_Flag An integer used to identify spectra that have problems that might compromise the ability to measure a CEWOU_m_Odﬂ model described in Old et al. (2020). .
redshift or line indices of a spectrum. Flags are assigned for the following: 20,21 F_OILeF_OII The integrated flux of the [On] emission line and its uncertainty, in ergs/s/cm~/A, calculated from the
1: Mild slit contamination or artefacts that should not strongly affect measurements Gaussian fitting model described in Old et al. (2020).
22,23 SFR.,eSFR The star formation rate in solar masses per year, estimated from the O] emission line flux and the stellar
2: Non-galaxy-like spectrum and/or image mass, using the calibration of Gilbank et al. (2010).
4: Significant slit contamination from neighbouring objects. Redshift and features may be compromised. 24 delta_BIC The difference in Bayesian Information Criterion used to identify the presence of [Ou] emission (ABIC > 10)
8: Poor telluric correction or sky subtraction, due for example to inadequate correction for the stray light or its absence (ABIC < —10). See Old et al. (2020) for more details.
effect described in Appendix B. 25 member_Clean Applicable only to the 11 SPT and SpARCS clusters in GOGREEN, this indicates likely cluster membership
16: Major artefacts or large masked regions that render the spectrum nearly uscless. based on the cLEAN algorithm of Mamon et al. (2013). A value of 1 indicates a member, 0 is a non-member,
. A N . o . . and -1 indicates membership could not be determined.
ng;Ca:ngcp?)?)(ric:lj(.ys?1}):?;;::;:“}) le, a flag of 12 means there is both contamination from neighbouring 26 member_EM Applicable only to the 11 SPT and SpARCS clusters in GOGREEN, this indicates likely cluster membership
s, sky s . . " . . . . - -
10 SNR_8500_VAR  The signal-to-noise ratio per pixel, measured in the range 7500 < A < 9500A. The noise estimate is taken Ez:lcilz:;:;i iﬂl(;liﬁ;z[gﬁ%ﬁ;ﬁ:‘gr%lr::ﬁz r::)lall:;c(:ir;lg :lcli)nc/; value of 1 indicates a member, 0 is a
from the VAR array associated with the spectrum. . 27 member A flag that identifies likely cluster members (1) or nonmembers (0). A value of —1 means membership could
11 SNR_8500_RMS  The signal-to-noise ratio per pixel, measured in the range 7500 < A < 9500A. The noise estimate is taken not be determined. For SPARCS and SPT clusters in GOGREEN, this is the maximum of the member_Clean
from the rms in the scicn?c spectrum over the same range. and member_EM flags. For the five GCLASS clusters we use the membership given in Muzzin et al. (2012).
12,13 D4000, eD4000 The Dn4000 index as defined in Balogh et al. (1999), and its unccr(ainsy. See §4.2.2 Finally, for the systems in COSMOS and SXDF we define members as those within 1 Mpc and 2.50" of the
14,15 EWOIL, eEWOII The equivalent width of the [Onr] emission line and its uncertainty, in A, using the line index definitions in
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Balogh et al. (1999). Positive values represent emission. See § 4.2.2

J

@%@gﬁﬁ EN

htto://soegreensurvev.ca/

centre, as described in § 4.2.3.

WATERLOO CENTRE FOR

ASTROPHYSICS




VOSpace structure: DR1/CATS

Photo.fits: 274992 rows, 78 columns
Only includes objects with data in every available filter

column

parameter name

description

1

6,7

8.9.10

11,12

14
15

Cluster

cPHOTID

SPECID
ra,dec

zspec,Redshift_Quality

zphot,zphot_168,zphot_u68

Uu-v.v-J

Star

K_flag

totmask

Mstellar

UNIVERSITY OF

% WATERLOO

Name of the corresponding cluster, when there is an associated photometric catalogue. Objects in the
COSMOS or SXDF photometric catalogues are identified with those labels, unless there is a GOGREEN
spectroscopic redshift, in which case we use the name of the associated target. Note that SXDF49 and
SXDF87 share a field, and are identified here only by SXDF49. Similarly SXDF76a and SXDF76b are
identified here as SXDF76.

This is a unique identifier for each object in this table. The first digit identifies the source of the photometry
(1: GOGREEN: 2: GCLASS: 3: UltraVISTA/COSMOS:; 4:SPLASH/SXDF). The next two digits are the
cluster_id column from Table 2. The remaining numbers are the PHOTID identifier in the main photometric
catalogues.

The ID corresponding to Table 4 for objects with a corresponding GCLASS or GOGREEN spectrum.
J2000 positions, in degrees. Calibrated with SDSS DR7 or USNO-b whenever a cluster falls outside of
the SDSS footprint.

The spectroscopic redshift and quality flag for the associated spectrum, if any. Redshifts without a corre-
sponding Redshift_Quality are copied from the parent (UltraVISTA or SPLASH) catalogue.

Photometric redshift, upper and lower uncertainties from the 68 per cent confidence region. Based on
the zpeak output from EAZY (Brammer et al. 2008), where for the GOGREEN galaxies a polynomial
correction is applied to improve the correspondence with spectroscopy.

Rest-frame colours between Johnson U, V' and J, as measured with EAZY (Brammer et al. 2008). Small
offsets, as described in van der Burg et al. (2020), have been applied on a cluster-by-cluster basis to
improve correspondence with UltraVISTA. For the COSMOS galaxies the rest-frame colours are from the
UltraVISTA catalogue.

Star/galaxy classification based on colours, as described in van der Burg et al. (2020). Flag is 1 for a star,
and 0 otherwise.

SExtractor flag in the K-band.

Manual mask at position of detection, where objects are masked (totmask= 1) if they do not have an
image in all available filters for that cluster. Only sources with totmask=0 are included in this compilation
catalogue. Photometry for other sources must be obtained from the original catalogues.

Total stellar masses, measured with the FAST (Kriek et al. 2009) code and assuming the best redshift
for the object (spectroscopic or zphot). These assume T—model star formation histories, and are known
to underestimate the stellar mass obtained with a non-parametric star formation history, by up to 0.3 dex
(Leja et al. 2019). For objects in COSMOS and SXDF the stellar masses are taken from their respective
catalogues.

J
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X;_tot

eX;_tot

€

ANFAR

/GOGREEN/DR1/CATS

Search Name... & Up il Root

113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)

Showing 1 to 3 of 3 entries

Name 1= Size
O B Clusters.fits 39.38 KB
O B Photo.fits 162.09 MB
O [ Redshift_catalogue.fits 315.00 KB

Total fluxes in each filter X;. These are derived from the Ks_tot flux and the appropriate colour,
computed in 2” diameter circular apertures from PSF-matched images. IRAC aperture fluxes have
been measured in a two-step process, similar to the description in Appendix A of van der Burg
et al. (2013). The measurements within a 3” aperture are scaled by a factor determined by com-
paring the 2” aperture K flux with that within a 3" aperture measured on an image convolved
to match the IRAC point spread function. This is done to avoid having to convolve all the high
resolution ground-based data to the IRAC psf. For objects in COSMOS and SXDF the fluxes
are taken from their respective catalogues, scaled by the corresponding Ks_tot flux. Includes:
u,g,r,i,z,y,V,B,J,H, K, IRACI, IRAC2, IRAC3, IRAC4, IA484, IA527, 1A624, IA679, IAT38,
IA767,1B427, 1B464, IB505, IB574, IB709, IB827, f uv, nuv, and mi ps24.

Associated uncertainty estimates for filter X;, assuming that the sole source of uncertainty is the background
rms. It therefore depends on position on the stack (as the depth is not necessarily uniform), but does not
depend on the source flux.
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VOSpace structure: DR1/SPECTROSCOPY

09§ANFAR
Rest frame wavelength (A) i
2800 3000 3200 3400 3600 3800 4000 4200 e
0.0015 - ' ‘ ' . ' ' ' ' £3 /GOGREEN/DR1/SPECTROSCOPY/OneD
| CaKy | #Up  iiiRoot
0.0010 A1 l l ! I
113.89 GB remaining of 2.00 TB (Reguest mare from support@canfarnet)
: \ Showing 1 to 25 of 25 entries
00005 T MgI MgI ' o1l Name | Size
| o B COSMOS-125_final fits 266 MB
0 0000 | (m] B COSMOS-221_final fits 3.28MB
6500 7000 7500 8000 8500 9000 9500 10000 e : gy =
Observed frame wavelength (A) o o o
o b README 174.00 B
[m] B SpARCS0034_final fits 4.56 MB
[m] B SpARCS0035_final fits 520M8
o B SpARCS0036_final fits 4.06 MB
[m} B SpARCS0215_final fits 4.13MB
20 "\J".-'w”inj:“f" h Tﬁ'ﬁ""'ly"”"' """‘."!:W"iff"-v_" aw o » 'l e {) "'"p'” v (m] B SpARCS0219_final fits 293MB
10 4 Yug '.l":.’."} S -) iy bt -‘.‘ i g AR Y b 08 ,: ket o o B SPARCS0335_final fits 216 M8
2 N e S R PN Vel i YL MR 1 T ET ST PR R PRI VIRTENOT A Y AR ILLLY T T Wy SRy o, o B SpARCS1033_final fits 2.86M8
6500 7000 7500 8500 9000 9500 10000 o B SpARCS1034_final fits 3.01 M8
Observed frame wavelength (A) o B SPARCS1047_final.fits 485MB
[m] B SpARCS1051_final fits 6.90 MB
[m] B SpARCS1613_final fits 535M8
. . [m] B SpARCS1616_final fits 8.07MB
1D spectra with VAR array, flux calibrated S
. . . . . . (m] B SpARCS1638_final fits 6.76 MB
e Absolute flux calibration where i-band imaging available. e
(m] B SPT0546_final.fits 451 MB
See ABS_FLUX header keyword D ke
. (m] B SXDF49_final fits 4.78 MB
2D spectra available only for GOGREEN, not GCLASS YT s
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VOSpace structure: DR1/PHOTOMETRY

&3 /GOGREEN/DR1/PHOTOMETRY

& Up il Root
113.89 GB remaining of 2.00 TB (Request more from support@canfar.net)
Showing 1 to 12 of 12 entries
Name IX Size
& BESTFIT_SEDs 33217 M
& COLORIMS MB

= COSMOS

= IMAGES

] O0OOjloo|b oo oo

B README 7.82 KB
B README.gclass 4.34 KB
& RESTFRAME_COLOURS 25.55 wib

‘& SPECZ_MATCHED B

& STELMASS_CATS 15.00 MB

& SXDF 101 02 MR

%} WATERLOO

=

Primary, Ks-selected parent catalogue; one for each
cluster

Reduced images, weight maps and masks
* Includes a psf-matched version
e HST F160W (GOGREEN) and F140W (GCLASS) in

separate subdirectory

~ Z S Photometric redshifts, including P(z) for GOGREEN
= / SpARCS/SPT clusters
‘& PHOTOZ_CATS 110.03 MB : H

/' FAST output with template fit stellar mass and others
e Restframe colours: UVJ for GCLASS, many more for
GOGREEN
e With best z, and also with z fixed to cluster
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VOSpace structure: SCRIPTS

Reads in the three main catalogues:

* Clusters.fits

* Redshift_catalogue.fits

* Photo.fits
* Merges to create a single table, with one entry for every
unmasked photometric point (including Ultravista and
SPLASH)

* Reproduce some plots from Balogh et al. (2020)
* Access SPECTROSCOPY/ and PHOTOMETRY/ direcM
make plots of spectra, image thumbnails.

@
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=3 /GOGREEN/DR1/Scripts

& Up I Root

113.89 GB remaining of 2.00 TB (Request more from support@

Showing 1 to 4 of 4 entries
Name
& .ipynb_checkpoints

B build_Table3.ipynb

B DR1_Notebook.ipynb

0|00 0O

B README
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VOSpace structure: SCRIPTS

2

Reads the various files in PHOTOMETRY/ directory to
create the CATS/Photo.fits file. Useful for:

* Modifying which information is included

* Modifying which galaxies are included

* Understanding how to find what you need

UNIVERSITY OF
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/GOGREEN/DR1/Scripts

& Up I Root

113.89 GB remaining of 2.00 TB (Request more from support@

Showing 1 to 4 of 4 entries

Name

& .ipynb_checkpoints

B build_Table3.ipynb

O 0|00

B DR1_Notebook.ipynb

B README

WATERLOO CENTRE FOR

ASTROPHYSICS



Jupyter
Notebooks

% WATERLOO

' Ju pyte I DR1_Notebook Last Checkpoint: 08/06/2020 (unsaved changes) P Logout

View Insert Cell Kernel Widgets Help Trusted | Python3 O

@ B 4 ¥ MRun B C W Makdown 7| &=l

Read in three main tables

These first scripts only need information in the catalogues. There is no need for the SPECTROSCOPY/ (about 300Mb) or PHOTOMETRY/ (about 20 Gb)
directories.

1. Clusters.fits contains information about each of the 26 clusters
2. Redshift_catalogue.fits is the redshift catalogue, with one entry for each spectrum
3. Photo.fits is the merged photometric catalogue.

In [ ]: clusters = catdir + 'Clusters.fits'

# read in fits data table with astropy.table.Table and immediately convert to pandas Dataframe
cluster table = Table( fits.getdata( clusters ) ).to pandas()
cluster_table[ 'cluster'] = cluster_table[ 'cluster'].str.rstrip().values # remove unnecessary spaces

print(cluster table.columns)
cluster table

In [ ]: photfile = catdir+'Photo.fits'

phot_table = Table( fits.getdata(photfile) ).to pandas()
print (phot table.columns)
phot_table.head(5)

In [ ]: zcatfile = catdir + 'Redshift catalogue.fits'

# read in fits data table with astropy.table.Table and immediately convert to pandas Dataframe
redshift table = Table( fits.getdata( zcatfile ) ).to_pandas()
redshift_table['Cluster'] = redshift table[ 'Cluster'].str.rstrip().values # remove unnecessary spaces

print (redshift table.columns)
redshift table.head(5)

C\@_?RE” EN

WATERLOO CENTRE FOR

ASTROPHYSICS

http://gogreensurvey.ca/



gogreensurvey.ca

Balogh et al. (2020, submitted)

e
#GSGREEN

g

Home Science ~ Survey Details ~

GOGREEN and GCLASS First Data Release

Release date: Aug 11, 2020

Description and Executive Summary

GOGREEN

Gemini Observations of Galaxies in Rich Early ENvironments

Publications Team Internal 0

This is the first Public Data Release (DR1), including all GOGREEN and GCLASS data. It is described in the accompanying paper, Balogh et al. (2020).

This release includes photometry (imaging, catalogues and derived products) and spectroscopy for all systems in GOGREEN and GCLASS, except SpARCS1033 for which most of
the photometric imaging and catalogues are not available. We include the available, reduced HST images for all GOGREEN clusters. The Ultravista photometric catalogues
(Muzzin et al. 2013) are also included, as these are the source of photometry for the COSMOS- systems in the sample. The SXDF catalogue of Mehta et al. (2018) must be

downloaded separately, from http: //homepages.spa.umn.edu/~mehta074/splash /

Finally we provide two python3 Jupyter notebooks for reading, manipulating and plotting the data.

Errata and updates

Please report problems and questions to mbalogh@uwaterloo.ca.

Data Access

The whole data release is ~24Gb in size. This is dominated by the images in the PHOTOMETRY/IMAGES directory. If you don’t need access to those you can save a lot of

download time.

1. CADC (https: //www.cadc-ccda.hia-iha.nrc-cnre.gc.ca/en/community/gogreen)

2. NSF's NOIRLab Data Labs (coming soon, to https: //datalab.noao.edu/gogreendrl/). In addition to the raw data directory, Data Labs will soon provide an integrated file

service with Simple Image Access and other features being developed.
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ABSTRACT

We present the first public data release of the GOGREEN and GCLASS surveys of galaxics
in dense environments, spanning a redshift range 0.8 < z < 1.5. The surveys consist of
deep. multiwavekength photometry and extensive Gemini GMOS spectroscopy of galaxices in
26 overdense sysiems ranging in halo mass from small groups to the most massive clusters.
The objective of both projects was primarily to understand how the evolution of galaxics
is affected by their environment, and to determine the physical processes that lead to the
guenching of star formation. There was an emphasis on obtaining unbiased spectroscopy over
a wide stellar mass range (M = 2 x 1019 M), throughout and beyond the cluster virialized
regions. The final spectroscopic sample includes 2771 unique objects, of which 2257 have
reliable spectroscopic redshifts. Of these, 1704 have redshifts in the range 0.8 < z < 1.5, and
ncarly 800 are confirmed cluster members. Imaging spans the full optical and near-infrared
wavekngth range, at depths comparablke to the UltraVISTA survey. and includes HST/WFC3
F160W (GOGREEN) and F140W (GCLASS). This data release includes fully reduced images
and spectra, with catalogues of advanced data products including redshifts, line strengths, star
formation rates, stellar masses and rest-frame colours. Here we present an overview of the
data, including an analysis of the spectroscopic completeness and redshift quality.

Key words: Galaxies: evolution, Galaxies: clusters
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