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Thienpont

Abstract BRASS is an international networking project of
the Federal Government of Belgium for the development of
a new public database providing accurate fundamental atomic
data of vital importance for stellar spectroscopic research. The
BRASS database will offer atomic line data we thoroughly
test by comparing theoretical and observed stellar spectra. We
are in the course of performing extensive quality assessments
of selected atomic input data with advanced radiative trans-
fer spectrum synthesis calculations that we compare in detail
to high-resolution Mercator-HERMES and ESO-VLT-UVES
spectra of very high signal-to-noise ratios for about 30 hot and
cool bright stars of B, A, F, G, and K spectral types.

The new database will provide the tested and validated val-
ues of absorption lines we retrieve from various existing atomic
repositories such as NIST and VAMDC. The validated atomic
datasets, combined with the observed and theoretical spectra,
will be interactively offered online at brass.sdf.org. The
combination of these datasets is a novel approach for its devel-
opment, which will provide a universal reference for advanced
stellar spectroscopic research.

We present the atmospheric parameter results of a subset
of 5 benchmark stars observed with signal-to noise ratios of
800-1200. The observed and theoretical spectra of the Sun and
51 Peg between 4000 A and 6800 A are offered online in the
BRASS Data Interface. It also incorporates a new list of ~900
metal lines for which we compute blending below 5 % of the
equivalent width useful for detailed line profile modeling and
synthetic spectrum fit quality assessments of atomic line data.

1. Introduction

Accurate oscillator strength values and line rest wavelengths
are of central importance for the analysis of astrophysical spec-
tra. Radiative transfer modeling of the detailed profiles of ab-
sorption lines in stellar spectra requires accurate atomic in-
put data for investigating physical properties in the line for-
mation region of stellar atmospheres. In recent years a num-
ber of online databases have become available offering impor-
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tant atomic and molecular line data compiled from a large va-
riety of sources in the scientific literature, such as VAMDC
[1], NIST [2], ExoMol [3]. The quality of detailed theoret-
ical modeling of stellar spectra strongly depends on the ac-
curacy of the atomic data published in the literature and col-
lected in these repositories. However, the accuracy of the pro-
vided atomic data is often not mentioned or simply unknown.
It severely complicates the physical interpretation of the spec-
tra for determining reliable atmospheric conditions and chemi-
cal composition in stellar population synthesis studies of large
spectroscopic surveys. Quality tested atomic input data are for
example urgently needed for compiling large homogeneous
spectral libraries for processing and analyzing (i.e., with au-
tomatic spectral classification methods) over one hundred mil-
lion ESA-Gaia spectra observed for all stellar spectral types
[4].

The importance of fundamental atomic data in astrophysics
and stellar physics cannot be overstated. It is the subject of pe-
riodic international conferences (such as ICAMDATA 1997-
2016), science symposia (i.e., Uncertainties in atomic data and
how they propagate in chemical abundances, Spain 2010:
www.iac.es/congreso/atom), and joint workshops (i.e., Stellar
atmospheres in the Gaia era: quantitative spectroscopy and com-
parative spectrum modelling, Brussels 2011: [5]). Multiple au-
thors frequently insist on the issues with inaccurate fundamen-
tal atomic input data, and the lack of reference stars for vali-
dating the analysis methods over large stellar parameter spaces
[e.g., 6, 7]. State-of-the-art research in this area relies on very
few benchmark spectra, and is always limited in scope, for ex-
ample [8] dispose of only 4 benchmark stars, all of solar type.

The BRASS project takes a first, although crucial, step to-
wards removing systematic errors in atomic input data required
for quantitative stellar spectroscopy. We thoroughly assess the
quality of fundamental atomic data available in the largest repos-
itories by comparing very high-quality observed stellar spectra
with state-of-the-art theoretical spectra. Whereas this type of
study has currently been carried out for very few stars at the
time, and mostly limited to comparable spectral types assem-
bled from various sources, we will combine, analyze, and offer
the community the first uniform large collection of benchmark
and reference stars. The results will be more complete than
any other to date in terms of coverage of the stellar parameter
space, as well as the spectral wavelength coverage. The impact
of BRASS will be multiple. The high-quality input spectra and
output datasets (e.g. fully quality-assessed atomic data) will
be offered in the public domain. They will be unique by size,
quality, and coverage of the stellar parameters space, and con-
sequently benefit a large array of astrophysical research topics,
including important feed-back for atomic physics.

In this paper we provide an overview of our research activi-
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ties between Dec. 2014 and mid 2016 for BRASS. We present
new results of a pipeline we implemented for accurate astro-
physical parameter (APs) determinations using detailed syn-
thetic spectrum calculations. We determine the APs of 5 BRASS
benchmark stars of F, G, K, A, and B spectral types observed
with signal-to-noise ratios of ~1000. In Sect. 2 we summarize
the observation and calibration of the BRASS spectra. Section
3 provides an overview of new software developments for the
determination of atmospheric conditions and radial velocities
with BRASS spectra. Section 4 presents a brief overview of
recent BRASS Data Interface (BDI) developments currently
offering online the observed and theoretical BRASS spectra of
the Sun and 51 Peg, combined with confirmed line identifica-
tions and the retrieved atomic input data. In Sect. 5 we discuss
the selection of a subset of atomic lines between 4000 A and
6800 A, also marked in the BDI, with minimal blending in the
synthetic spectra. We summarize the pipeline preparations for
the planned atomic data quality testing of selected unblended
lines and give an example of the Fe 11 A5264 line in the solar-
like benchmark star 51 Peg (G2.5).

2. Observations

2.1. BRASS benchmark stars

We observed benchmark spectra of ~20 BAFGK-type stars
with the HERMES instrument of the Belgian 1.2m Merca-
tor telescope at the Roque de los Muchachos Observatory on
La Palma Island (Canary Islands, Spain). HERMES (High Ef-
ficiency and Resolution Mercator Echelle Spectrograph) is a
high-efficiency prism-cross-dispersed fibre-fed bench-mounted
échelle spectrograph that observes the complete wavelength
range from 4200 A to 9000 Ain a single exposure [9]. We
used the High Resolution Fiber mode (R=85,000) for 10 to 50
concatenated observations of at most 1800 seconds, that are
co-added for increasing the S/N ratio of the final spectrum.

The benchmark star observations for BRASS yielded very
high S/N spectra (~800-1200) in dedicated HERMES programs
since 2009. The benchmark stars are brighter than 7.0 in V' in
order to achieve the very high S/N ratios. The stars have been
selected because the spectral lines are narrow. The line rota-
tional broadening or vsini-values are typically below 25 km s ~*
for B-stars, and < 13 kms~! for the AFGK-type stars. These
benchmark stars have been carefully selected avoiding pos-
sible binaries. They do not belong to known stellar variabil-
ity classes and are not chemically peculiar stars or metal-poor
stars.

The high-resolution spectrum of the Sun was observed in
1981 with the NSO/KPNO Fourier Transform Spectrograph
(FTS) at the McMath-Pierce Solar Facility. The spectral res-
olution of the FTS flux spectrum is R~350,000, with nominal
S/N ratios of ~2500. More information about the calibration
of the solar intensity (averaged over the solar disk) atlas is pro-
vided in [10].

The spectra were calibrated using the latest version of the
HERMES pipeline (release V6.0) developed at the Royal Ob-
servatory of Belgium and the University of Leuven, in collabo-
ration with the HERMES Consortium. The typical calibration
steps are performed, including spectral order tracing and ex-
traction, average flat-fielding, Th-Ar lamp wavelength calibra-
tion, and cosmic ray hit removal using cross-order profiling.

BRASS includes ~10 stars observed with the Very Large
Telescopes Ultraviolet and Visual Echelle Spectrograph (VLT-
UVEYS) in the Southern Hemisphere (SH). The calibrated UVES
spectra are offered in the ESO Data Archive. The Paranal Ob-
servatory Project (ESO-POP) catalogue offers high-resolution
and high S/N ratio UVES spectra (~300-500) of SH objects
observed in the wavelength range 3040 - 10,400 A [11]. How-
ever, many POP archive products were processed using non-
optimal calibration images of a database of calibration frames
that is currently out of date. In the best cases it offers sub-
optimal quality spectra, and for worse cases, the frames have
introduced spurious artefacts and incorrect wavelength shifts
in the final spectra.

We have re-processed and re-calibrated the UVES-POP spec-
tra for the goals of the BRASS project. We retrieved the uncal-
ibrated POP observations from the ESO Archive and collected
all calibration frames observed closest in time to the selected
POP observations. Next, we re-calibrated the raw POP science
data using the latest UVES pipeline version (v5.5.7) and com-
pared the results with the spectra of the POP archive which
used UVES pipeline v1.2.0. Our detailed comparison consid-
ered the S/N ratios of the final UVES spectra, the wavelength
scale, the amplitude of spurious flux ripples, and the quality of
merging the échelle orders. The results were also compared to
spectra of the ESO External Data Product (EDP) Archive re-
cently calibrated by ESOs QC/Archive Group using the Basic
Master Database of basic parameters. The EDP spectra have
been provided by ESO as ’science-ready’ spectra to the scien-
tific community.

The UVES-POP wavelength range of 3000-10,000 A is di-
vided by 4 instrumental setups with 1 to 3 exposures per setup,
observed with a resolving power of R=50,000-70,000. It is im-
portant to point out that the original POP calibrations com-
bined all exposures. For the BRASS re-calibrations we how-
ever did not combine the exposures and re-calibrated all spec-
tra individually. It allows us, for example, to check for potential
intrinsic stellar variability. We find that using the same calibra-
tion algorithms as POP the BRASS re-calibrated spectra show
major improvements in the UVES flux ripples and échelle or-
der merging. The flux ripples are ~5 times weaker in the re-
calibrated spectra. This allows us to calculate order-merged
spectra, while the POP spectra can only be used order by or-
der. The comparison of radial velocities reveals a difference of
13-15 kms~! between the BRASS re-calibrated spectra and
the POP spectra because the barycentric velocity was not ap-
plied to our data. After barycentric correction the radial veloc-
ities are identical. The RMS error of our UVES wavelength
solution is 106 ms~!. The comparison of the *manually’ re-
calibrated UVES-POP spectra with those provided in the ESO
EDP Archive shows that the spurious flux ripples are properly
corrected in both cases, while the S/N ratios are 15 % - 50 %
smaller compared to our results.

2.2. BRASS reference stars

The quality assessments of the fundamental atomic data for
BRASS will be primarily performed with benchmark stars of
S/N~800-1200. For observational and practical reasons, this
set of benchmarks must however be limited to about 30 stars
that uniformly, although rather sparsely, samples the BAFGK-

types.

https://mc06.manuscriptcentral.com/cjp-pubs

Page 2 of 11



Page 3 of 11

Lobel, Royer, Martayan, et al.

For the goals of BRASS we substantially increased the bench-
mark dataset in order to fully explore the diversity of spec-
tral properties in the 5 spectral types. The science goals place
stringent requirements on the observed datasets we call the
reference spectra of BRASS. It requires more than one hun-
dred spectra combining wide wavelength coverage (4000 A -
6800 A), high spectral resolution (R> 80,000) and large to
very high S/N ratios (>200-1000) over all spectral types be-
tween B and K, e.g., as uniformly as possible covering the Teg-
range from ~4000 K to 15-20 kK. Such an extensive spectral
dataset is currently not available in the public domain.

As part of HERMES Program 28 (P28), we have observed
since 2010 the spectra of the brightest ten stars of every spec-
tral type, each subtype, and luminosity class in the Northern
Hemisphere (NH), with S/N ratios exceeding 200 in all cases.
The program currently contains 3416 spectra of 1961 unique
objects. The resulting data archive contains a very extensive
collection of high-quality spectra, covering the entire range of
stellar parameters (including in metallicity [M/H], vsini, etc.)
All targets have V' < 8™.5, while the catalogue is complete
below V = 4™, for declinations above —30°.

To ensure that BRASS uses the highest quality spectra avail-
able we filtered the P28 database according to S/N ratio. S/N
was estimated at 5 effective wavelengths (U, B, V, R, [-bands)
and good quality spectra with S/N>100 in 3 of the 5 wave-
length bands were selected. The resultant P28 database con-
tains 2092 good quality spectra of 1796 unique objects. Around
20% of the database is comprised of objects with more than
two observations.

3. Astrophysical Parameter determinations

3.1. Atmospheric conditions

In 2015 we developed a suite of computer codes (BRASS-
APS) for the semi-automatic determination of APs and chemi-
cal composition of the BRASS benchmark and reference spec-
tra. It requires three subsequent major computational steps.
First the pre-processor estimates the APs using a limited num-
ber of diagnostic H Balmer, Fe, and Mg absorption lines. The
second pipeline step iterates over T.g, surface gravity (logg),
microturbulence velocity ((,), and [M/H] until the best fit is
found to the detailed shapes of a more extensive set of diag-
nostic photospheric lines (e.g., ~40 selected Fe I and Fe 11
lines) having reliable atomic data values of line log(gf), en-
ergy levels (), rest wavelength ()\(), and Einstein coefficient
(Ay;)- The final step uses the iterated APs as input for measur-
ing individual element abundances ([X/H]) from selected sets
of sufficiently strong (medium-strong to strong) lines on the
curve of growth (COG).

The synthetic spectra are computed in LTE using hydro-
static, plane-parallel atmosphere model grids we iterate using
ATLASO [12]. The models adopt the new Opacity Distribution
functions of [13]. We use a constant mixing-length parameter
of 1.25 for convection and omit overshoot or turbulent pres-
sure contributions. We calculated a large homogeneous grid
of synthetic spectra between 3200 A and 6800 A using the
SCANSPEC code ([14]). The parameter space of applicability
of the BRASS APs pipeline currently is: 4 kK < Teg < 15
kK in steps of 50 K; 0.0 < logg < 5.0; 0 kms™* < ¢, <
20 kms™!; —5.0 < [M/H] < 1.0, and 0 kms™! < wsini <
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300 km s~ !. Important line broadening effects for strong reso-
nance lines and hyperfine splitting of odd atomic numbers are
included in the synthetic spectrum calculations. For the Sun we
adopt the chemical composition of [15]. The equation of state
also incorporates many di-atomic molecules with updated par-
tition functions for important hydrides such as CH, AIH, CaH,
SiH, FeH, CrH, NH, OH, MgH, carbon bearing molecules Cs,
CN, CO, and the oxides TiO, ZrO, and VO. We retrieved exten-
sive molecular line data values in more recent literature and in
the online ExoMol database providing several millions of extra
lines. These data have been organized in the BRASS database
and incorporated in the atomic input line lists for our detailed
synthetic spectrum calculations.

The line-of-sight microturbulence velocity ¢, is assumed to
be independent of depth in the BRASS atmosphere models of
the dwarf and subgiant benchmark stars. Note that the five APs
are methodically varied and iterated. For example ¢, is mea-
sured from the BRASS spectra and not simply parameterized
through T.g and logg because this is not possible for A- and
B-type stars (T.g>7000 K). There is a maximum in the pro-
jected microturbulence velocity around the mid A-type stars
[16]. The vsini-value is accurately iterated in steps of 1 km s ™!
for obtaining the best fit to the detailed (broadened) shapes of
the diagnostic metal lines.

The observed BRASS spectra are automatically continuum
flux normalized using a special "template normalization’ pro-
cedure. It searches for variable wavelength points over suffi-
ciently continuous flux regions close to the stellar continuum
level in the theoretical spectra for folding the observed spec-
tra to these (continuum anchor) points. The re-normalization
step repeats every time the APs are updated during the best
fit iterations procedure. It ensures that local flux normalization
effects become minimized and the continuum normalization
around the lines we select for evaluating the quality of atomic
line data is consistent with the APs we determine from the di-
agnostic lines set.

Figure 1 shows a plot of ~30 benchmark stars with BRASS
HERMES and UVES spectra. The Sun and names of 5 stars
of BAFGK-types are marked. The APs we determine from the
HERMES spectra of these stars are listed in Table 1. We also
compared them to the APs of previous high-resolution obser-
vations in the literature. Figure 2 shows the best fit to the spec-
trum of the Sun and Procyon observed between 5569 A and
5583 A (solid black drawn lines). The marked medium-strong
neutral metal lines are best fit (red lines) with the atomic data
values listed below the lines in the bottom panel. The atomic
data values are selected from the literature and/or retrieved in
atomic databases for calculating the best fit to the line depths
and shapes. The best fits with these values are good to excel-
lent (e.g., < 0.01 in normalized line depths). The green lines
mark the spectra we calculate without the neutral lines. The
lines are blended with weak atomic or molecular background
lines below 5 % of the line equivalent widths.

Figure 3 shows a similar plot for the wavelength region be-
tween 4514 A and 4525 A in A-type benchmark star 68 Tau,
and in late B-type benchmark star HR 7512. The log(g f)-values
of three Fe 11 lines observed in both hot stars are marked with
different colors. We retrieve log(g f)-values for the Fe 11 A4515
line in NIST (N), SpectroWeb (SpW), VALD-2 (V-2), and VALD
-3 (V-3). The values between —2.450 and —2.540 correctly fit
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the observed line profile. For the Fe 11 A4521 line we find the
best fit for log(g f)=—2.600 (N) and —2.617 (V-2), while the
value of log(g f)=—2.983 (SpW) is significantly too small and
the theoretical line depth underestimates the observed depth of
the central core. For the Fe 11 A4522 line, on the other hand, we
retrieve four log(g f)-values that significantly overestimate the
central core depth. We find the same relative flux differences
for HR 7512 in the bottom panel, however for Teg of over 2000
K warmer than 68 Tau.

3.2. Radial velocity

We developed a new computer code (BRASSVRAD) in 2015
for measuring accurate radial velocities of BRASS benchmark
and reference stars. It employs a y2-minimization method of
the detailed shapes and positions of observed spectral lines us-
ing parameterized template fit functions. The sample of ob-
served lines is carefully selected over a broad range of wave-
lengths between 4000 A and 6800 A.

We have carried out a variety of tests for assessing the ac-
curacy of our radial velocity results. The measurement method
does not require a mask’ for cross-correlation with the ob-
served spectra. We also collected complementary spectra from
various online public databases (OHP-SOPHIE, OHP-ELODIE,
PdM-NARVAL) for combination with the BRASS reference
spectra. Based on measurements with BRASSVRAD we com-
piled a list of ~40 A- & B-type reference stars having radial
velocity values that stay constant within ~0.5 to 1.0 kms™1.
For a good number of stars the constant radial velocity val-
ues have also been tested using the complementary spectra ob-
served before 2010. The HERMES spectra of the Vrad-constant
stars will be incorporated in the BDI and will be very useful in
the scientific community as warm radial velocity standard stars
observed with high signal-to-noise ratios and high spectral res-
olution. They will benefit the astrophysics community at large,
in particular for analysis of spectra from the ESA-Gaia mission
because they include the Radial Velocity Spectrometer wave-
length region as well.

We find good agreement between published Vrad-values and
the values we compute with BRASS spectra. The Vrad differ-
ences typically increase towards larger vsini-values. A com-
parison of Vrad-values we calculate for 5 A-stars with BRASS-
VRAD and with a classical CCF method using a cross-correlation
mask reveals small differences below 2 km s~ in case vsini ~
70 km s~!. Further testing demonstrates that our radial veloc-
ity measurement method using selected spectral lines is very
precise. We find that the code can detect small (Doppler) ef-
fects of changes in Earth’s atmospheric pressure that typically
stay below ~500 ms~!. A more detailed description of these
results will be given elsewhere.

We investigated HERMES spectra of BRASS benchmark
star o Peg (A1 IV). We find the white subgiant reveals a steady
decrease of Vrad of ~1.740.3 kms~! in 14 HERMES obser-
vations between 2009 and 2014. In the literature o Peg is cur-
rently not known to be a binary or variable star. We propose o
Peg is a long-term binary with FP,1,~10 yr.

The white giant o Sextantis (A0 III) reveals small Vrad vari-
ability of ~0.5 kms™! over a period of ~200 d. We observe
an overall decreasing trend in Vrad of ~1 kms™! from 206
HERMES observations between 2010 and 2015. HERMES ob-
servations of BRASS reference star 13 Mon (AO I) also show

small changes (1-2 kms™!) of Vrad between 2010 and 2014.
We observe short-term variability of ~1.5 kms~! over about
one month, possibly due to stellar pulsations of this white su-
pergiant.

4. BRASS Data Interface

In 2016 we developed a new user interface (BDI) for online
querying and visualization of BRASS spectra and atomic line
data. The first version of the BDI at brass.sdf . org, shown
in Fig. 4, loads in every modern internet browser. User interac-
tions combine fast spectrum display and atomic data listing us-
ing integrated Hypertext (HTML), JavaScript, JQuery (CSS),
and Dygraphs software technology. The BDI development is
targeted at user-friendliness, and ensures easy visualization,
selection and retrieval of any desired subset of the BRASS
database. The BDI functionality is expanded from SpectroWeb
[17] (spectra.freeshell.org) for example also allowing
synchronized wavelength zooming on 4 spectral segments of
30 A for various selected stars.

The BDI currently offers the BRASS benchmark spectra of
the Sun and 51 Peg (fall 2016). In Fig. 4 the lines marked with
blue labels can be mouse-clicked for listing atomic line data
in the right-hand panels. The atomic data values are collected
from the literature and various online atomic data repositories
(VAMDC, NIST, SpectroWeb, VALD-3, VALD-Moscow [18],
CHIANTI [19], Spectr-W3 [20], TOPbase [21]). The theoret-
ical unbroadened spectra are shown in blue color. The atomic
data list also provides the calculated (unbroadened) depth of
the line in case it exceeds 2% of the continuum normalized
flux level shown at unity.

In Fig. 4 the red labels mark lines we tested for blending
with background lines in the synthetic spectrum calculations.
The lines in the Sun (fop panel) are selected (i.e., labelled and
numbered in red) in case the equivalent width of the line over-
laps < 5 % with weaker atomic and/or molecular background
lines. It yields 902 *unblended’ lines between 4200 A and
6800 A. The atomic data and percentages of line blending are
listed in red with a single mouse-click on the line label. For
example, three Fe T and Fe 1I lines with label numbers 360,
361, and 362 are shown in the Sun. The normalized central
line depths we compute in the broadened synthetic spectrum
are also listed. Note that the BDI graphics panels are mouse-
sensitive and display the line identifications and rest wave-
lengths by simply hovering over the dynamic line labels. The
labels can be shifted Up and Down the graphs with the ’Shift
labels’ buttons to avoid dense label overlay when zooming out.

The bottom panel of Fig. 4 shows the spectral region around
the Fe 11 A\5264 line in 51 Peg. The Fe 11 line blends by 1.72 %
with a very weak Co I A\5264 line having a normalized central
depth of 0.02. The Fe 11 line has maximum calculated depth
of 0.419 and is a medium-strong line on the COG. A double-
click on the red line label marks it in yellow and lists the atomic
line data and properties in green in the right-hand panels. The
green list can be supplemented with data of more selected lines
of interest. Users can save the list to a local hypertext file with
a simple button click on top. The BDI will link the repository
pages with atomic line data quality test results currently under
construction.
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Table 1. Five BAFGK-type benchmark stars observed with Mercator-HERMES with S/N-ratios of 800-1200 between 4000 A and
9000 A for which we determine atmospheric parameters for BRASS.

Name HD V' SpT Lum.class Teg  log(g) [M/H] Cu vsing
(mag.) (K) (dex)  (dex) (kms™Y) (kms™Y)

HR 7512 186568 6.057 B8 Il 11070  3.44 —0.50 2.00 18.0
68 Tau 27962 431 A2 V-V 8810 3.80 0.13 2.40 11.8
Procyon 61421 0.34 F5 IV-V 6550 4.00 0.00 1.80 3.9
51Peg 217014 546 G25 IVa 5804 4.42 0.20 1.10 4.0
Sun - 2674 G2V 5777 4.44 0.00 1.10 25
Arcturus 124897  —0.04 KI1.5 TII 4100 200 —0.50 1.70 55

5. Discussion

We retrieved the atomic line data values from the litera-
ture and online atomic databases such as NIST and various
databases offered in VAMDC. The VAMDC portal offers im-

portant research infrastructure for querying and retrieving atomic

line data according user-defined selection criteria from a large
variety of repositories of astrophysical interest. The homoge-
nization of these line data to make them more easily compa-
rable is in progress. We developed a novel method for cross-
matching the databases searching for identical atomic line tran-
sitions with a sophisticated method that compares the upper
and lower electronic state configurations and angular momenta
J. The new method yields multiple occurrences of atomic data
values of identical lines offered by the different data providers.

We developed the method for BRASS to ensure the cross- match-

ing of atomic line transitions is ’exact’ and based on the pre-
cise electronic state configurations. It eliminates possible er-
rors of ’inexact’ cross-matching methods limited to the line
rest- wavelengths and energy levels (hence ignoring the de-
tailed electronic configuration and term information when avail-
able). The new cross-matching method is very useful for re-
moving duplicate occurrences of the same lines from hetroge-
neous linelist compilations required for the advanced synthetic
spectrum calculations. We have retrieved the atomic data val-
ues of ~184,000 line transitions from 6 online repositories.
We systematically queried, cross-matched and organized these
atomic data per spectral line in BRASS (further detailed in
[22]) for state-of-the-art synthetic spectrum calculations.

We investigated the amount of line blending in the 6 BRASS
benchmark stars of Table 1. The lines are pre-selected before
the quality of fit assessments against the observed benchmark
spectra of BAGFK-types. Over ~1200 ’sufficiently clean’ lines
have so far been identified across the 5 spectral types. Towards
the cooler G- and K-type stars the molecular lines dominate
the amount of line blending. Towards the hotter B- and A-type
stars the depths of the neutral lines rapidly decrease and a rel-
atively smaller number of 'unblended’ ionic lines is selected.
We find the maximum number of clean lines in Procyon (F5)
with about 3-4 times more selected lines compared to Arcturus
(K1.5) and HR 7512 (BS).

The Fe 11 line at 5264.802 A (X1ow=3.23 V) in the middle
panel of Fig. 4 (bottom graph) provides an excellent example
of the atomic data quality assessments we plan for BRASS us-
ing selected sets of ’clean’ spectral lines in the BAGFK bench-
mark stars. 51 Peg is the first main-sequence star with a Jupiter-
size exoplanet discovered in 1995 [23]. Since the discovery
the star has been relatively well-studied with over 20 publica-
tions of APs determined for the host star using high-resolution

spectroscopic observations. T.g-values ranging from 5674 K
to 5804 K have been published since 2005. The largest Teg-
value corresponds to [M/H]=0.24 dex and the smallest to 0.18
dex. We compute the broadened theoretical line profile of the
Fe 11 A5264 line adopting these APs.

In Fig. 5 we find the best fit (red solid line) to the Fe 11
line profile observed in 51 Peg using log(gf)=—3.130 of [24]
for Tog=5804 K and [M/H]=0.20 (see Table 1). In case we
use Teg=5674 K and [M/H]=0.18 the calculated line depth de-
creases by ~0.02 (blue line). The decrease of 130 K in Teg has
a limited effect on the line depth. However, if we use T.g=5804
K and the log(g f)-value of —3.23 provided in NIST ([25]) the
calculated line depth decreases more significantly by ~0.05
(short-dashed drawn line). The theoretical line depth decreases
further by ~0.09 compared to the observed line depth in case
we use log(gf)=—3.303 (VALD-2 [26]; theoretical value re-
trieved in 2005 for SpectroWeb). These differences of pub-
lished log(g f)-values are appreciable (i.e., ~0.17 dex) and yield
considerably different calculated line depths and equivalent line
widths.

The S/N ratios of the BRASS benchmark spectra are suf-
ficiently high (~1000) for determining the fit quality of line
profiles we calculate for various atomic input values from dif-
ferent data providers. The BRASS project will assess the accu-
racy of the atomic data values (primarily log(g f), Ag, and Ay;)
in the synthetic spectrum calculations by comparing the line
fit quality in a number of carefully selected benchmark stars
belonging to the same spectral types in Fig. 1.

6. Summary and outlook

The BRASS benchmark and reference spectra will be pub-
lished and provided in the BRASS website by the end of 2018.
The BDI will offer the complete HERMES and UVES spectra
for downloading. For the benchmark stars we will also include
the theoretical (un-broadened and broadened) spectra. The lists
of unblended atomic lines and all the retrieved atomic data per
spectral type, together with our line data accuracy assessments,
will be published and incorporated with supporting tables and
graphs in the BDI.
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Fig. 1. Effective temperature (Teg) vs. surface gravity (log g)-diagram of ~30 BAFGK benchmark stars observed for BRASS with
Mercator-HERMES (red dots) and VLT-UVES (blue squared symbols). The HERMES spectra have S/N ratios of ~800-1200 and have
been observed since 2009. The UVES spectra have S/N~300-500 and have been observed in the SH for the ESO-POP Archive before
2001. The marked stars have accurate astrophysical parameters in Table 1 we determine with the BRASS benchmark spectra. The
vertical dotted lines mark the division between the 5 spectral types (see text).
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Fig. 2. The BRASS observed benchmark spectra (black lines) of the Sun (top panel) and Procyon (bottom panel) are shown over ~15 A
with marked medium-strong neutral metal absorption lines. The theoretical spectra we calculate with published atomic line data values
of Ao and log(gf) are listed below the lines in the bottom panel and provide the best fit (red lines) to the observed spectra. The green
drawn lines show the synthetic spectra we calculate without these neutral lines. They reveal the lines are not significantly blending
together with strong background lines that can complicate the best line fit procedure and the proper selection of atomic input data.
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Fig. 3. The BRASS observed benchmark spectra (black lines) of 68 Tau (top panel) and HR 7512 (bottom panel) are shown over

~10 A with three Fe 11 absorption lines. The theoretical spectra we calculate for various published log(g f)-values are marked with
colors below the lines. The values of the Fe 11 A4515 line are similar and fit the observed line depths in both stars although HR 7512 is
over 2000 K hotter than 68 Tau (see texr).
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Fig. 4. The BRASS Data Interface (BDI development version 1.0 of fall 2016) showing the BRASS benchmark spectrum of the Sun
(top panel) and the solar-like dwarf 51 Peg (bottom panel). The observed (black dotted lines) and theoretical spectra (blue and red dotted
lines) can be simultaneously loaded into 4 Region tab pages over 30 A wavelength intervals selected in the left-hand bottom panel. The
dynamical graphs can be synchronously wavelength zoomed. Blue labels mark identified spectral lines, while red labels are selected

lines that blend by <5 % with background lines. The line labels are mouse-sensitive and can be single- and/or double-clicked. Mouse
interaction with the labels displays the atomic line data in the right-hand panels for local storage by the user. Planned updates of the
BDI will incorporate all BRASS benchmark and reference spectra combined with the retrieved and quality assessed atomic line data for
downloading (see fext).
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Fig. 5. The Fe 11 line at 5264.802 A (4s — 4p) we observe in the BRASS benchmark spectrum of 51 Peg (black solid line) is
sufficiently unblended (yellow marked L1 label in Fig. 4) for detailed synthetic spectrum calculations using various log(g f)-values we
retrieve from the literature and several atomic line data sources. We find the best fit to the observed line depth for T.g=5804 K and
other APs of Table 1 using log(gf)=—3.130 (solid red line). The blue line is computed for T.g=5674 K. Published log(g f)-values that
are considerably smaller do not correctly fit the observed line depth and equivalent width (red broken lines and corresponding marked
values). The line fit quality and atomic data accuracy will be assessed using the BRASS benchmark spectra and provided in the BDI
(see text).
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