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1 Data preparation

The data preparation strategy is similar to the one used for the VO and V1 releases, and described
in EP-012, SR-005.

The data consist of absolute photometry, flux tables, and metadata for each of the SPSS. The
absolute photometry is described in GA-007, while the spectroscopy is described in the follow-
ing sections. The ingestion of the relevant data in the SSDC archive will be done as described
in SMR-006 and SMR-007.

1.1 Observations and data reductions

The observation plan and strategy for the spectroscopic data are the same as for VO and V1 re-
leases and are described in EP-012 and SR-005. The data reduction is performed in subsequent
steps, depending on the telescope used and spectral range covered (blue or red), as summarized
in Table Il Unlike in VO and V1, the telluric correction in V2 has been performed before the
relative flux calibration, and using rnolecﬁ rather than the IRAF scripts described in GA-006
(the document will be soon updated) for all red spectra and spectra of SPSS observed in nights
not included in V1, while for the blue spectra of the SPSS observed in nights included in V1
IRAF scripts have been used.

STEP BLUE RED RED (G5) REFERENCE

observations all all NTT EP-001, EP-006
2D pre-reductions all all NTT SMR-002, |GCC-001] |
1D-wave calibration all all NTT GCC-001] |
fringing correction none | NTT, TNG, Loiano NTT GA-006| |
slitloss correction all all NTT GA-006 |
second order correction | none NTT, TNG none SR-007 |
telluric correction all all NTT GA-006 |

Table 1: Observations and data reduction scheme.

1.2 Calibration and flux tables preparation

After the telluric contamination correction, the spectra have been calibrated in flux. As already
done in V1, this procedure requires two steps:

1. relative flux calibration. All the spectra observed in the same night with the same in-
struments have been calibrated, using the extinction and response curves (the same

ihttps://www.eso.org/sci/software/pipelines/skytools/molecfit
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as in V1) for that night and telescope (document in preparation);

2. absolute flux calibration. All the wide spectra observed on photometric nights of
the same SPSS have been used to build the median spectrum on which we scaled
all the spectra obtained in step 1 for narrow spectra (see EP-006)), spectra observed
on different nights and with different instruments;

3. flux tables creation. All the spectra of the same SPSS calibrated in step 2 have been
merged (after the rejection of the bad ones) to obtain the flux tables.

1.3 Extension with templates

All the flux tables were extended with template spectra to reach about 300 nm at the bluest
wavelengths and about 1200 nm at the reddest ones (in most cases the spectra stop at 1100 nm).

The detailed procedure is the same as for the V1 release, see |[SR-005/and SR-006. For stars al-

ready included in V1, we used the same templates adopted to extend the V1 flux tables, possibly

reaching 1200 nm. For stars new in this release, we used CALSPEC templates (http://www.
stsci.edu/hst/instrumentation/reference-data-for-calibration-and-tools/
astronomical-catalogs/calspec, when available) and the public spectral libraries

provided by Koester| (2010), Levenhagen et al.| (20177}, Coelho| (2014), Husser et al.|(2013)).

2 Release content

The release package contains the flux tables, one per star, of 113 SPSS. Some SPSS of V1 have
been discoverd to be variable stars (SMR-004}; (Marinoni et al., |2016)) and removed from V2,
while new stars of various spectral types, including 2 M stars, have been added, covering all
spectral types, as shown in Figure

2.1 Differences from V1

All the spectra used in V2 have been reduced following the scheme in Section [I] The major
differences with V1 are described below.

It was noted that some of the narrow-slit spectra, obtained mainly for wavelength calibration,
appeared to have good quality, and thus they were corrected for differential slit-losses as de-
scribed in detail in GA-006, by reporting them to the shape of the most reliable corresponding
wide-slit spectrum. This way, the narrow-slit spectra do not carry any information about the
flux calibration and spectral shape, but they improve the SNR and the small-scale imperfections
when combined with the other spectra.

The V2 spectra were also treated to mitigate fringing effects, unlike the V1 ones. In GDR2 no
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FIGURE 1: Distance-corrected CMD made with Gaia DR2 data of the 113 SPSS.

BP/RP spectra were released, and fringing oscillations have zero net effect on integrated mag-
nitudes, thus V1 was adequate. However, in GDR3 there will be a selection of BP/RP spectra
and the large fringing oscillations might spoil their quality during the calibration process, thus
a fringing mitigation was necessary. Figure 2] shows examples of the fringing correction.
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FIGURE 2: Examples of fringing correction effects. The left panel shows a spectrum before
(magenta) and after (black) the fringing correction. The right panels show the ratio between
the V2 and V1 for two stars. The oscillations caused by fringing are evident and, case by case,
can be large or small.

2.2 Flux tables files

The flux tables are in the form of ascii files with three columns as described below (see also
Table [2), and with names like V.2 .X.SPSS193.ascii, where X is the release sub-version
(Section [2.4)) and 193 is the actual DU13 SPSS number.
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Column | Description | Type | Units

Wave Wavelength | double | nm

Flux Flux double | W/m?/nm

Error Flux error | double | W/m?/nm
Table 2: Flux tables description.

More in detail:

e Wavelength (Wave): is the wavelength of each sample in the flux tables; the samples
start at 300 nm and end at 1200 nm with a step of 0.1 nm; not all flux tables could
be extended until 1200 nm, some stop at 1100 nm, in that case the last samples are
null in flux (not in wavelength There are 9001 samples per SPSS in this SPSS
release.

e Flux (Flux): for each sample, the flux of the SPSS in Watt per square metre per
nanometre; the extremes (roughly outside 350-950 nm, depending on the SPSS)
where the ground-based spectrographs do not have enough signal are replaced with
observed or theoretical templates. Can be null after 1100 nm for some SPSS.

e Error on flux (Error): for each sample, the error on the flux, computed using the
spread of the fluxes of the absolutely calibrated SPSS spectra that formed the flux
table; at the extremes, where the spectrum is observed with templates, the error is
computed as a fixed value, corresponding to the median error of the last 100 samples
of the observed spectrum summed in quadrature with the flux error of the template
fitting procedure. Can be null after 1100 nm for some SPSS.

2.3 Metadata file

The release contains also one general CSV file with SPSS metadatanamed V.2 .X.SPSSmetadata.csv,
where X is the release version (Section [2.4]), and described in Table

Column Description Type | Units
spssld Unique DU13 identifier integer

name Name adopted by DU13 string
sourceldDR2 GDR2 source identifier long
sourceldAGISnew | New AGIS source identifier long

alpha Literature right ascension string | hh mm ss
delta Literature declination string | dd mm ss

iiNull values in these ascii tables are marked with the string NA.
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magB DU13 Johnson B magnitude double | mag
errB B magnitude error double | mag
magV DU13 Johnson V magnitude double | mag
errV V magnitude error double | mag
magR DU13 Johnson R magnitude double | mag
errR R magnitude error double | mag
litB Literature Johnson B magnitude double | mag
litV Literature Johnson V magnitude double | mag
spType Spectral type string

extTeff Effective temperature of model used for extension | double | K
extLogg Surface gravity of model used for extension double | log cgs
extFeH Metallicity [Fe/H] of model used for extension double | dex
extAv Extinction of model used for extension double | mag
litTeff Literature effective temperature double | K
litLogg Literature surface gravity double | log cgs
litFeH Literature metallicity [Fe/H] double | dex
litAv Literature extinction Av double | mag
wlErr Error on wavelength double | nm
inV1 Was this SPSS in V1 (yes or no)? string
notesSpectrum Notes on flux table string
notesExt Notes on flux table extension string

quality Quality verdict string

More in details:

Table 3: Metadata file description.

e Unique identifier of the SPSS (spssId): Unique identifier for the SPSS established
within DU13. It is a number ranging from 0 to 999. There can be no null value for

this field.

e SPSS name adopted by DU13 (name): SPSS adopted name within DU13, among
the various used in the literature.

e Gaia DR2 source identifier corresponding to the SPSS (sourceldDR2): source
identifier as cross-identified using the official Gaia cross-match software developed
at SSDC. Cannot be null.

e Gaia new AGIS source identifier corresponding to the SPSS (sourceld AGISnew):
source identifier in AGIS 3.1 as cross-identified at DPCI in Cambridge. Cannot be

null.
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e Literature right ascension of the SPSS (alpha): approximate right ascension of the
SPSS from various literature sources. It cannot be null.

e Literature declination of the SPSS (delta): approximate declination of the SPSS
from various literature sources. It cannot be null.

e DUI13 Johnson B, V, or R magnitude (magB, magV, magR): absolute magnitude of
the SPSS determined by DU13 as described in|GA-007. It can be nul

e Error on DU13 Johnson B, V, or R magnitude (errB, errV, errR): absolute magni-
tude of the SPSS determined by DU13 as described in GA-007. It can be null.

e Literature B and V magnitude (litB, litV): litherature Johnson B and V magnitudes
obtained from various literature sources. It can be null.

e Spectral type of the SPSS (spType): spectral type of the SPSS obtained from vari-
ous literature sources. It is never null.

e Effective temperature used for the SPSS extension (extTeff): effective temperature
of the model used for extending the SPSS observed flux table to cover the 300—
1200 nm range. It can be null for those SPSS extended with observed or theoretical
spectra from CALSPEC.

e Surface gravity used for the SPSS extension (extLogg): surface gravity of the model
used for extending the SPSS observed flux table. It can be null for those SPSS
extended with observed or theoretical spectra from CALSPEC or for SPSS extended
using a blackbody spectrum.

e Metallicity used for the SPSS extension (extFeH): metallicity [Fe/H] of the model
used for extending the SPSS observed flux table. It can be null for those SPSS
extended with observed or theoretical spectra from CALSPEC or for SPSS extended
using a blackbody or a WD spectrum.

e Literature effective temperature (litTeff): literature effective temperature of the
SPSS, when known. Can be null.

e Literature surface gravity (litLogg): literature surface gravity of the SPSS, when
known. Can be null.

e Literature metallicity (litFeH): literature metallicity [Fe/H] of the SPSS, when known.
Can be null.

e Literature extinction (litAv): literature extinction of the SPSS in the Johnson V band
from the literature, when known. Can be null.

iiiNull values in this CSV file are represented by an empty field.
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e Wavelength error of the SPSS flux table (wlErr): typical error on the wavelength
scale of the SPSS flux table as obtained by combining in quadrature the formal error
on the calibration and the offset between the SPSS flux table and the model used
for the flux table extension. It is never null: for (almost) featureless stars or SPSS
extended with blackbody spectra it is set equal to the MAD of the errors of other
SPSS.

e Was this SPSS in V1 (inV1)? A string that can take the values yes if the SPSS was
also part of the previous release or no if it is a new SPSS. Cannot be null.

e Notes on the SPSS flux table (notesSpectrum): notes on the quality of the SPSS
flux table. When no notes are present there is the ‘- string.

e Notes on the SPSS flux table extension (notesExt): notes on the quality of the
SPSS flux table extension the the 300-1200 nm range with observed or theoretical
templates. When no notes are present there is the ‘- * string.

e Final verdict of the SPSS flux table quality (quality): it can take the values gold
for SPSS with no particular problems, silver for SPSS with minor problems, or
bronze for SPSS of uncertian quality, that should be used with care.

2.4 Release versions

Table 4 summarized the versions of V2 that have been released

Version | Description Date

V.2.0 Sent to FDA and PMN for testing 29 April 2019
V.2.1 Error computation corrected; re-sent to FDA and PMN | 6 May 2019
V2.2 Literature extinction and atmospheric parameters 2 August 2019
V.23 New AGIS cross-match revision 30 October 2019

Table 4: V2 versions releases.

3 Validation

In order to validate the current release, a series of tests have been done comparing V2 and V1
spectra as well as absolute and synthetic photometry and the stellar parameters of the templates
used for the extension and the literature.
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FIGURE 3: Comparison between SPSS and CALSPEC spectra in different regions (blue: 300
- 400 nm; green: 400 - 800 nm; red: 800 - 1070 nm) for the V1 (top) and V2 (bottom) releases.
The internal CALSPEC spread is plotted in grey (see text).

3.1 Spectra comparisons

We compared the SPSS V2 spectra with the V1 ones. The overall agreement is extremely good
as shown in Table [5] This essentially means that the two releases are on the same photometric
system. There is a tendency of the V2 spectra to be slightly (a few %) brighter than V1 in the
red in some stars and this reflects in the slightly larger ratio after 800 nm.

We also compared the SPSS V2 and V1 spectra with CALSPEC. We chose the latest CALSPEC
version which contains observed and model spectra for 36 stars. The ratio between the model
and the observed spectra is shown in Figure [3|in grey. We have computed the SPSS/CALSPEC

ratio for the 11 common stars for both V1 and V2 and we have computed the median and the

MAD in three different regions of the spectrum (300-400 nm, 400-800 nm, 800-1070 nm).

The results are shown in Figure [3] and in Table [5] In the central (middle panels) and the red
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part (right panels) of the spectra the two releases are consistent, while an improvement of the
V2 spectra in the blue region (left) is evident. Both the SPSS releases are compatible with the
CALSPEC internal spread (shown in grey) and are ~ 1% brighter than CALSPEC. This is in
part due to the CALSPEC revision of the flux scale downwards by about 0.6 % (Bohlin, 2014)).
Both SPSS releases are calibrated on the previous CALSPEC scale and are thus brighter.

Release 300 — 400 nm 400 — 800 nm | 800 — 1070 nm
V2/V1 1.001 £ 0.0025 | 1.0001 £ 0.0011 | 1.0018 £ 0.0034
VI1/CALSPEC | 1.0012 £ 0.0487 | 1.0111 £ 0.0058 | 1.0081 £ 0.0085
V2/CALSPEC | 1.0017 £ 0.0118 | 1.0088 £ 0.0036 | 1.0109 £ 0.0060
Table 5: Median and MAD values of the spectra comparisons
in three different ranges (see text).

3.2 Magnitudes comparisons

We compared the synthetic magnitudes derived using the SPSS spectra (see Appendix [B|and
Table [/| for details) with the magnitudes obtained by the SPSS absolute photometry campaign
(GA-007). Left panels of Figure 4| show the case of B (top), V (middle), R (bottom). The
median values of Amags are in good agreement (see Table[6]), suggesting that the SPSS spectra
are in the same photometric system as the DU13 absolute photometry A slight trend of
AB as a function of B-V can be noticed for blue stars in the top left panel. We tried different
passbands from the literature and the effect varies in strength but never disappears. The chosen
set of passbands (see Appendix |B|) minimized the slope in all bands.

There is one star (SPSS140, not shown in Figure) with a higher value of Amag. This is due to
the fact that during the acquisition of the spectra of SPSS140 the wrong star had been observed,
so the synthetic photometry derived from SPSS V2 is not compatible with the DU13 absolute
one. We are testing whether this star can be used as a spectro-photometric star.

Band | Synthetic-Absolute | Synthetic-Landolt
B 0.0053 £ 0.0145 0.0110 = 0.0072
v 0.0045 % 0.0096 0.0087 + 0.0044
R —0.0007 £ 0.0077 0.0016 £ 0.0067

Table 6: Median and MAD values of the photometries com-

parisons (see text).

VWe realized that the SPSS192 magnitudes were wrong up to the V.2.2 release. The correct magnitudes will be
presented in GA-007|
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We compared the synthetic magnitudes derived using the SPSS spectra with the literature values
derived by Landolt, for the 37 stars in common. The results are shown in the right panels of
Figure 4] The median values of Amags are in very good agreement (see Table [0 for the R
band, but our SPSS synthetic magnitudes are slightly fainter (~ 1%) than the Landolt ones in B
and V.
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FIGURE 4: Left: Comparison between synthetic photometry obtained using the SPSS V2
spectra and the DU13 absolute photometry for B (top), V (middle), R (bottom). Right: Com-
parison between synthetic photometry obtained using the SPSS V2 spectra and photometry by
Landolt for B (top), V (middle), R (bottom).

3.3 Parameters comparisons

In order to test the template choice of the SPSS spectra extension, we have also compared the
stellar parameters of the models used for this scope with the values available for each SPSS
in the literature. Figure [5shows the comparison between temperature, gravity, and metallicity.
The median differences (and MAD) are: AT,y = —60 (£697) K, Alogg = —0.14 (£0.33)
dex, A[Fe/H| = —0.17 (£0.56) dex . The temperatures and gravities are in good agreement,
while this is less true for the metallicities. An explanation for this could be that the SPSS

Technical Note 13



SPSS V2
Gaia DPAC: CU5-DU13 GAIA-C5-TN-OAA-NS-001-1

spectra are low resolution spectra (tipically 2 ~ 500 — 1000) and thus not very sensitive to
[Fe/H]. Moreover, most of the spectra used to derive the metallicity in the literature are low
resolution spectra too, so the literature [F'e/H| values could not be accurate. Anyway, the
overall agreement of the parameters is satisfactory for the purpose of the present work.

Template Teff [K]
Template logg [dex]
Template [Fe/H] [dex]

20000 40000 60000 80000
1
2
1

0

T T T T T T T T T T T T T T T T T T T T
10000 30000 50000 70000 0 2 4 6 8 10 830 -25 -20 -15 -10 -05 00

Literature Teff [K] Literature logg [dex] Literature [Fe/H] [dex]

FIGURE 5: Stellar parameters comparison. Temperatures (left) and gravities (middle) of the
models used to extend the SPSS spectra are in good agreement with the literature ones. This
is less true for the metallicities (right).
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A Acronyms

Acronym | Description

AGIS Astrometric Global Iterative Solution
BP Blue Photometer

CALSPEC | Calibration Spectra of the Hubble Space Telescope
CMD Color-Magnitude Diagram

CSv Comma Separated Values

DPCI Data Processing Center at IoA

DUI3 Development Unit 13

GDR2 Gaia Data Release 2

GDR3 Gaia Data Release 3

IoA Institute of Astronomy, Cambridge
IRAF Image Reduction and Analysis Facility
MAD Median Absolute Deviation

NTT New Technology Telescope

RP Red Photometer

SNR Signal-to-Noise Ratio

SPSS Spectro-Photometric Standard Star
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SSDC Space Science Data Center
TNG Telescopio Nazionale Galileo
WD White Dwarf (star)

B Synthetic photometry
The synthetic photometry provided in this work is based on the following photonic passbands:

e DR2: the Gaia DR2 passbands ;
e REYV: the revised Gaia passbands ;

e WEI: the passbands by [Weiler| (2018)) @; this author provide two different pass-
bands for Gaia BP, to be used with stars brighter or fainter than G=10.99 mag re-
spectively;

e MAW: the passbands by Maiz Apelldniz & Weiler| (2018) [} these authors provide
two different passbands for Gaia BP, to be used with stars brighter or fainter than
G=10.87 mag respectively;

e UBVRI: the passbands by Bessell & Murphy|2012]f]

The synthetic magnitude m in the VEGAMAG system has been computed with

ff,\S,\)\d)\
m = —2.51o + Myeqa 1
g(ff;\/egaS)\)\d)\ Veg ()

where f, is the spectral energy distribution of a given star, f, " is the spectral energy distri-

bution of Vega, Sy is the photonic passband, A the wavelength, and 1y .4, is the magnitude of
Vega.

Yhttps://www.cosmos.esa.int/web/gaia/iow_20180316
Vinttps://www.cosmos.esa.int/documents/29201/1645651/GaiaDR2_Passbands_
ZeroPoints.zip/49cdcedl-8eee-655d-7ed2-4e7a83598cld
Whttps://www.cosmos.esa.int/documents/29201/1645651/GaiaDR2_Revised_
Passbands_ZeroPoints.zip/54db454f-69cb-ealc—-15be-f1b1£597f191
Whttp://cdsarc.u-strasbg.fr/viz-bin/cat/J/A+A/617/A138#browse
Xhttp://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/619/A180
¥ftp://cdsarc.u-strasbg.fr/pub/cats/J/PASP/124/140/
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We used the high-fidelity Vega model AOVStar_SpectrumNu_-002. fits in the|Gaia Pa-
rameter Database Version 21-0-0, converted into angstroms and c.g.s. units. Since Vega’s
magnitude is assumed to be V5 = 0.0 mag and all its colours are by definition zero, my¢g, =
0.0 mag, even if the real value is known to be different (see Section 5.3.6 in the Gaia DR2
Documentation release 1.2).
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