UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Asteroseismic surface gravity for evolved stars

Hekker, S.; Elsworth, Y.; Mosser, B.; Kallinger, T.; Basu, S.; Chaplin, W.J.; Stello, D.

DOI
10.1051/0004-6361/201321630

Publication date
2013

Document Version
Final published version

Published in
Astronomy & Astrophysics

Link to publication

Citation for published version (APA):

Hekker, S., Elsworth, Y., Mosser, B., Kallinger, T., Basu, S., Chaplin, W. J., & Stello, D.
(2013). Asteroseismic surface gravity for evolved stars. Astronomy & Astrophysics, 556, A59.
https://doi.org/10.1051/0004-6361/201321630

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:26 Jul 2022


https://doi.org/10.1051/0004-6361/201321630
https://dare.uva.nl/personal/pure/en/publications/asteroseismic-surface-gravity-for-evolved-stars(2a62f1f6-ec09-462d-bf92-a7ccf6e88b11).html
https://doi.org/10.1051/0004-6361/201321630

A&A 556, A59 (2013)
DOI: 10.1051/0004-6361/201321630
©ES0 2013

A8§tronomy
Astrophysics

Asteroseismic surface gravity for evolved stars
S. Hekker!?, Y. Elsworth?, B. Mosser’, T. Kallinger*, S. Basu®, W. J. Chaplin?, and D. Stello®

Astronomical institute ‘Anton Pannekoek’, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
e-mail: S.Hekker@uva.nl

University of Birmingham, School of Physics and Astronomy, Edgbaston, Birmingham B15 2TT, UK

3 LESIA, UMR 8109, Université Pierre et Marie Curie, Université Denis Diderot, Observatoire de Paris, 92195 Meudon Cedex,
France

Institute for Astronomy, University of Vienna, Tiirkenschanzstrasse 17, 1180 Vienna, Austria

3> Department of Astronomy, Yale University, PO Box 208101, New Haven, CT 06520-8101, USA

6 Sydney Institute for Astronomy (SIfA), School of Physics, University of Sydney, NSW 2006, Australia

Received 3 April 2013 / Accepted 24 May 2013
ABSTRACT

Context. Asteroseismic surface gravity values can be important for determining spectroscopic stellar parameters. The independent
log(g) value from asteroseismology can be used as a fixed value in the spectroscopic analysis to reduce uncertainties because log(g)
and effective temperature cannot be determined independently from spectra. Since 2012, a combined analysis of seismically and spec-
troscopically derived stellar properties has been ongoing for a large survey with SDSS/APOGEE and Kepler. Therefore, knowledge
of any potential biases and uncertainties in asteroseismic log(g) values is now becoming important.

Aims. The seismic parameter needed to derive log(g) is the frequency of maximum oscillation power (vi,c). Here, we investigate
the influence on the derived log(g) values of vy, derived with different methods. The large frequency separation between modes of
the same degree and consecutive radial orders (Av) is often used as an additional constraint for determining log(g). Additionally, we
checked the influence of small corrections applied to Av on the derived values of log(g).

Methods. We use methods extensively described in the literature to determine v,,,x and Av together with seismic scaling relations and
grid-based modelling to derive log(g).

Results. We find that different approaches to derive oscillation parameters give results for log(g) with small, but different, biases for
red-clump and red-giant-branch stars. These biases are well within the quoted uncertainties of ~0.01 dex (cgs). Corrections suggested
in the literature to the Ay scaling relation have no significant effect on log(g); however, somewhat unexpectedly, method specific solar

reference values induce biases close to the uncertainties, which is not the case when canonical solar reference values are used.

Key words. asteroseismology — stars: fundamental parameters — stars: oscillations

1. Introduction

With the current wealth of data, the community has good op-
portunities to improve knowledge of stellar parameters. One of
the important characteristics of stars is their surface gravity (g),
which can be determined in several independent ways, such as
from stellar spectra or asteroseismology, that is, from the intrin-
sic oscillations of stars.

Several studies have explored the accuracy with which as-
teroseismic log(g) values can be determined. For main-sequence
and subgiant stars, the accuracy of the determined asteroseis-
mic log(g) has been investigated by comparisons with log(g) val-
ues from classical spectroscopic methods (e.g. Morel & Miglio
2012) and independent determinations of radius and mass (e.g.
Creevey & Thévenin 2012; Creevey et al. 2013). These studies
find good agreement between the gravities inferred from astero-
seismology and spectroscopy, which supports the use of astero-
seismic log(g). For more evolved stars — the subject of this pa-
per — a small sample has been investigated by Morel & Miglio
(2012), which for log(g) values down to 2.5 dex (cgs) also show
good agreement. Thygesen et al. (2012) compare spectroscopic
and asteroseismic log(g) values for 81 low-metallicity stars with
log(g) down to 1.0 dex (cgs). Also for this sample there is good
agreement between the values supporting the use of asteroseis-
mic log(g) determinations for evolved stars.

Article published by EDP Sciences

The principle of deriving surface gravity from stellar spec-
tra is generally understood well. In practice, however, the re-
sults depend on the specific technique used, such as ionization
balance, line fitting, or isochrone fitting, and their exact imple-
mentation. These differences can easily result in differences of
about 0.2 dex (e.g., Hekker & Meléndez 2007; Morel & Miglio
2012) in log(g). A significant contribution to this uncertainty
is due to the correlation between log(g) and effective tempera-
ture in the spectral analysis. One way to reduce the uncertainties
caused by this correlation is to fix one of the parameters to an in-
dependently determined value. Asteroseismology provides such
a route to determine log(g) in an independent way.

The quoted uncertainties of the asteroseismic log(g) are often
an order of magnitude lower than those quoted in spectroscopic
analyses, indicating more precise values. Indeed, the high posi-
tive correlation between mass and radius leads to very small un-
certainties in M/R?, hence in log(g). Gai et al. (2011) show that
an asteroseismic log(g) can be obtained precisely and accurately
with both direct and grid-based methods and that the result is
largely model independent.

Over the past few years the number of stars with detected
solar-like oscillations has increased considerably, from a few to
over ten thousand. For these large numbers of stars, it is possible
to derive an asteroseismic log(g) using global oscillation param-
eters, vmax (frequency of maximum oscillation power) and Av
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(large frequency spacing between modes of the same degree and
consecutive orders). The potential of this was recognized in the
field (e.g. Gai et al. 2011), and several studies concerning the
precision and accuracy of the asteroseismic log(g) values have
been carried out. Two methods are generally used.

— Direct method: log(g) is computed from vy, from the scal-
ing with the acoustic cut-off frequency vmax « ¢/VTer
(Brown et al. 1991; Kjeldsen & Bedding 1995);

— Grid-based modelling: characteristics (log(g) in our case) of
stars are determined by searching among a grid of models
to get a “best model” for a given set of observables (Av,
Vmax, effective temperature (7.g) and preferably metallicity

([Fe/HI)).

In the direct method it is implicitly assumed that all values
for T.q are possible for a star of a given mass and radius.
However, the equations of stellar structure and evolution tell us
that this is not the case and only a narrow range of temperatures
is allowed. This is explicitly taken into account in the grid-based
modelling since the grid is constructed by solving the equations
of stellar structure and evolution.

We note here that it is also possible to compute log(g) and
other parameters for a star from the individual frequencies,
which are then directly compared with model predictions. In this
case we need not rely on scaling relations. This route is, how-
ever, much more computationally intensive because frequencies
need to be calculated for a dense grid of models, near-surface
effects play a more prominent role, and we have to deal with
the added complication of rotation and mixed gravity-pressure
modes. Therefore, to determine log(g) for large samples of stars,
the use of seismic scaling relations for Av and vy, are cur-
rently preferred. These seismic scaling relations relate the stel-
lar mass, radius, and effective temperatures with the observed
global oscillation parameters: the frequency of maximum oscil-
lation power (vimax) and the frequency separation between modes
of the same degree and consecutive orders (Av). These scalings
are performed with respect to solar reference values. The actual
values of these solar references are being debated (e.g. Mosser
et al. 2013) and discussed further in Sects. 2.3 and 3.4.

The validity of the scaling relations for vy, and Av for stars
from the zero-age main sequence to the tip of the red giant
branch are tested by, for example, Stello et al. (2008, 2009) and
White et al. (2011) in a comparison with models. White et al.
(2011) find that the scaling relation for Av is valid within ~2%
with a dependence on effective temperature. The accuracy of the
observed viax and Av is such that this bias in the scaling relations
is significant and has to be taken into account. This can either be
done by using the equation suggested by White et al. (2011), or
by recalibrating the scaling relations as is done for cluster stars
(also using inferences from models, Miglio et al. 2012). The in-
accuracy in the scaling relations can also be accounted for in the
uncertainties in log(g).

Computation of an asteroseismic log(g) requires the observa-
tions of global seismic parameters vy,x and preferably also Av.
There are existing methods implemented in a range of algo-
rithms to determine these global seismic parameters. In these
methods Av is computed as the mean large frequency separa-
tion over different frequency ranges. Throughout the paper we
refer to this quantity as the large separation. The consistency
of and differences between the global seismic parameters have
been studied by Hekker et al. (2011, 2012) for red giant stars.
These comparison studies show that the results for Av from
different methods can be significantly different, depending on
the evolutionary status of the star. This effect was not evident
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for vmax, possibly due to the larger fractional uncertainties on
this parameter.

In this study we investigate the influence of using dif-
ferent global seismic parameters and methods on the deter-
mination of log(g). The study is driven by the large scale
spectroscopic survey that is currently being conducted by the
SDSS collaboration together with the Kepler Asteroseismic
Science Consortium with the APOGEE near-infrared spectro-
graph mounted on a 2.5 Ritchey-Chretien altitude-azimuth tele-
scope located at Apache Point Observatory, New Mexico, USA.
This survey intends to determine spectroscopic effective temper-
atures and metallicities using asteroseismic surface gravities.

2. Seismic scaling relations for v,,x and Ay

Seismic scaling relations for vy,x and Av (Brown et al. 1991;
Kjeldsen & Bedding 1995) are used to relate the global oscil-
lation properties of solar-like oscillators with stellar parameters
mass (M), radius (R) — thus surface gravity (g) and mean den-
sity (p) — and effective temperature (7.¢) with all parameters
expressed in solar values:

M g

Vmax ¥ ———— ~ 1
" R NTa VT .

|M g -
Av =~ Fz\/;z \/; 2)

These scaling relations are used with respect to solar values. We
discuss previous investigations of possible inaccuracies or biases
in the scaling relations in more detail, followed by a discussion
of the solar reference values.

2.1. vmax Scaling relation

The scaling relation for vyx (Eq. (1)) is an empirical relation
in which vy« scales with the acoustic cut-off frequency (Brown
etal. 1991). The validity of this relation has recently been tested
theoretically by Belkacem et al. (2011). They find a relation be-
tween the frequency at which the mode lifetime forms a plateau
(i.e., vmax), and the acoustic cut-off frequency, with a coefficient
that depends on the ratio of the Mach number of the exciting
turbulence to the third power to the mixing-length parameter. So
far the relation between this plateau and v« has not been jus-
tified theoretically. Nevertheless, this result is an important step
towards understanding the underlying physics of the vyax scal-
ing relation. At this stage, the practical difficulties estimating the
Mach number in the upper stellar envelopes implies that it is dif-
ficult to use these ideas to predict possible biases or inaccuracies
in the v« scaling relation.

2.2. Av scaling relation

From stellar models, White et al. (2011) show that proportional-
ity between the mean density of the star and the large frequency
separation squared (Eq. (2)) shows discrepancies of a few per-
cent for stars evolving from the zero age main sequence (ZAMS)
up towards the tip of the red giant branch, with a clear correla-
tion with the effective temperature. The amount of the discrep-
ancy can be as large as 2-3% in either a positive or negative
sense depending on the temperature of the star. It is important
to understand whether this correction has a significant effect on
the determined values of log(g). We tested this and find that the
difference between the results with and without these corrections
are not significant (see Sect. 5).



S. Hekker et al.: Asteroseismic surface gravity for evolved stars

Miglio et al. (2012) have investigated the accuracy of the Ay
scaling relation for stars on the red-giant branch (RGB) and
in the red clump (RC). They find that the sound speed in the
RC model of 1.2 M, is on average higher (at a given fractional
radius) than that of the RGB model of the same mass and radius,
the main reason being the different temperature profile in the two
models. Miglio et al. (2012) note that while the largest contribu-
tion to the overall difference originates in the deep interior, near-
surface regions (r/R = 0.9) also contribute (by 0.8 percent) to
the total 3.5 percent difference in total acoustic radius. This per-
centage is expected to be mass-dependent and to be higher for
low-mass stars, which have significantly different internal struc-
ture when ascending the RGB compared to when they are in the
core He-burning phase. Miglio et al. (2012) did not derive an
accurate theoretical correction of the Av scaling. The suggested
change in the Av scaling relation is, however, close to the one
mentioned by White et al. (2011). Because these changes caused
a difference in log(g) well below the uncertainties (see Sect. 5),
we do not expect a significant impact on the determined log(g)
values from the effect mentioned by Miglio et al. (2012), so we
do not investigate this further.

Mosser et al. (2013) state that using the value of the large
separation around vy, is only a proxy and that the solar refer-
ence value in Eq. (2) should be the asymptotic value. We com-
ment further on this in Sect. 2.3.

2.3. Solar reference values

The scaling relations (Egs. (1) and (2)) are expressed in terms of
the relevant solar reference values. Changing the solar reference
value for v, will induce an offset in log(g) proportional to the
logarithm of their ratio. This means that, for example, chang-
ing the solar reference for vy« from 3050 uHz (e.g. Kjeldsen
& Bedding 1995) to 3120 uHz (e.g. Kallinger et al. 2010) will
induce a change in log(g) of about 0.02 dex (cgs), which is
significant.

Additionally, Mosser et al. (2013) argue that using the ob-
served solar values in the scaling relations (Egs. (1) and (2)) is
not actually correct and that this would introduce biases of a few
percent in Av. They suggest that one should be using the asymp-
totic value of Ay valid at high-order modes (higher order than
the observed modes). Using this paradigm the reference values
derived become Av = 138.8 uHz and vp,x = 3106 uHz (Mosser
et al. 2013). These are valid for stars with masses below 1.3 M
and effective temperatures between 6500 and 5000 K reflecting
the range of stars for which the scaling relations are most reliable
(White et al. 2011).

In this work we did not implement the asymptotic solar ref-
erence values. Firstly, as stated by the authors the change in Ay
of the observed star and the reference Ay are similar and the net
effect of these changes on the derived log(g) is small. Even if
this implies a few percent change in Av, the tests with the White
et al. (2011) corrections show that the effect on log(g) is negligi-
ble. Secondly, no asymptotic solar reference values are available
in the temperature range of the red giants.

3. Determination of surface gravity
3.1. Data

We perform this study for the same sample of stars as used by
Hekker et al. (2012), for which there was agreement in the global
oscillation parameters obtained by the different methods and for
which there are results from three methods (see Sect. 3.2). This

3.0 -l T T T T T

1.0L
5400

5200 5000 4800

Tesr [K]

4600 4400

Fig.1. Hertzsprung-Russell diagram for stars used in this survey
using SDSS temperatures calibrated with the infrared flux method
(Pinsonneault et al. 2012) and luminosities computed using the astero-
seismic radii computed using the OCT method and BaSTI models (see
Sect. 3). Red-clump stars, red-giant branch stars and stars of unknown
evolutionary phase are shown in red, green, and black, respectively. The
symbol sizes are proportional to the derived asteroseismic masses of the
targets.

resulted in a list of 707 red giants. For a subset of these stars we
know their evolutionary phases determined from period spac-
ings of mixed modes (Beck et al. 2011; Bedding et al. 2011;
Mosser et al. 2011a) and the phase shift of the central radial
mode (Kallinger et al. 2012). Their locations in an H-R dia-
gram are shown in Fig. 1. For these stars we use Kepler time-
series corrected for instrumental effects in the way described
by Garcia et al. (2011). For the effective temperatures we use
the SDSS temperatures calibrated with the infrared flux method
(Pinsonneault et al. 2012). The evolutionary phases are deter-
mined from different methods, i.e., period spacings of mixed
modes (Bedding et al. 2011; Mosser et al. 2011a, 2012b; Stello
et al. 2013) and phase shift of the central radial mode (Kallinger
et al. 2012).

Figure 1 has a few characteristics that are noteworthy. First
of all this figure emphasizes again that we need asteroseismol-
ogy to distinguish between hydrogen-shell burning (RGB) and
helium-core burning (RC) stars, because both types of stars can
occupy the same location in an H-R diagram. Secondly, Fig. 1
shows that for stars above the RC, it is much more difficult to
determine the period spacings and thus the evolutionary phase.
This is in part due the fact that stars high on the RGB oscillate
with longer periods and at these lower frequencies the frequency
resolution of the data becomes a limiting factor. Additionally
the coupling between the p- and g- mode cavity becomes weaker
which reduces the number of mixed modes visible at the surface;
however, this is not true for stars just above the RC. The reason
for the non-detections of the period spacings for these stars is at
least partly rotation (Mosser et al. 2012b).

3.2. Extraction of global oscillation parameters

The global seismic parameters Av and vy, are derived from the
data using three different methods:

— CAN: Av is obtained from fitting a sequence of Lorentzian
profiles spanning three radial orders to the background cor-
rected Fourier power spectrum. This method only considers
the central part of the oscillation frequency range and is re-
ferred to as a “local” method. The parameter vy, is defined
as the centroid of a Gaussian profile fitted on top of two
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Harvey-like background components in the Fourier power
spectrum (Kallinger et al. 2010, 2012). In this determination
of vmax the full frequency range is considered in the fitting,
so this is referred to as a “global” approach.

— COR: Av is obtained from the envelope autocorrelation func-
tion (EACF) of the time series (Mosser & Appourchaux
2009) and updated using the universal pattern (UP, Mosser
et al. 2011b). This method takes a relatively wide frequency
range into account and is also a global method. The value
of viax 1 obtained as the centre of a Gaussian fit on top of a
background computed as the mean slope in log-log (Mosser
et al. 2012a). The background is computed based on rela-
tively narrow frequency intervals bracketing the frequencies
at which oscillations have been detected. Therefore, for vpax
this is referred to as a local approach.

— OCT: Av is obtained from the power spectrum of the power
spectrum. This method is in between the COR and CAN
methods in the sense that it probes a narrower frequency
range than COR, but a wider frequency range than CAN.
The value of v, is determined as the centroid of a Gaussian
fit through a smoothed Fourier power spectrum on top of a
background that was first computed with one Harvey-like
background component and subsequently improved using
the mean slope in log-log (Hekker et al. 2010a). Because
the full frequency range was taken into account in the
background fitting for the initial step and in the second
step an optimization using relatively narrow frequency in-
tervals bracketing the frequencies at which oscillations have
been detected. This vy, is referred to as a “semi-global”
approach.

The differences in the resulting values for Av from the local and
global approaches are significant and allow one to distinguish
between red-giant branch stars and red-clump stars (Kallinger
et al. 2012; Hekker et al. 2012). The differences in vy, seem
more homogeneously distributed.

3.3. Surface gravity

The surface gravity can be computed from the scaling relations
(Egs. (1) and (2)) directly or by using grid-based modelling,
which is performed by two independent implementations based
on the recipe described by Basu et al. (2010). One implementa-
tion uses BaSTI models (Cassisi et al. 2006). The other imple-
mentation uses Y'Y isochrones (Demarque et al. 2004), models
constructed with the Dartmouth stellar evolution code (Dotter
et al. 2007) and the model grid of Marigo et al. (2008).

Gai et al. (2011) have already shown that asteroseismic
log(g) is largely model independent. This is confirmed in this
study, and the results of the different grids are primarily used to
validate the results.

3.4. Solar reference values

The solar values of vp.x and Av are used in both the direct
method and in the grid-based modelling. We analysed one year
of solar data from the green SPM channel of SOHO/VIRGO
(Frohlich et al. 1997) with the three methods CAN, COR, and
OCT and find the following:

— CAN: Av = 134.88 = 0.04 uHz; vimax = 3120 + 5 uHz
(Kallinger et al. 2010);

— COR: Av = 134.9 £ 0.1 uHz; vinax = 3060 = 10 pHz. Note
that only the EACF method can be applied to the solar data;

— OCT: Av = 135.03 £ 0.07 uHz and vy = 3140 + 13 uHz.
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The solar reference values for vy, obtained with the differ-
ent methods are not consistent with each other within 1-sigma.
For Ay the CAN and COR values are consistent with each other
within one-sigma, while this is not the case for the OCT value.
The various numbers are formally different but still well within
any three-sigma limit. We expect the main sources for the dif-
ferent solar values for Av and v, obtained with the different
methods to lie in the use of different definitions in determining
the values. The computation of a mean value of Av is sensitive to
the frequency range that is considered. The observational defini-
tion of vy, is also different in different methods and depends on
whether smoothing is applied or not. Furthermore, vy, is sensi-
tive to the fitted background.

We have investigated the impact of these differences, that
is, we analysed the data for log(g) using Av and vy, from
CAN, COR, and OCT with method specific solar reference val-
ues obtained from VIRGO data, as well as with a so-called in-
termediate canonical solar reference value: Av = 135.1 uHz
and vpax = 3090 yHz (Huber et al. 2011, 2013). The results
of these tests are shown and discussed in Sects. 5 and 6.

4. Tests applied

For testing the impact on log(g) of differences in Av and vy, we
computed surface gravities using the global seismic parameters
from CAN, COR, and OCT using the method-specific solar ref-
erence value from VIRGO data or the canonical solar value. We
also computed values for the surface gravities with and without
the correction to the Ay scaling relation proposed by White et al.
(2011). This results in the following tests:

— Test 1: grid-based modelling using the original scaling rela-
tions and the canonical solar reference values;

— Test 2: grid-based modelling using the original scaling rela-
tions and method-specific solar reference values;

— Test 3: grid-based modelling using the scaling relation for Ay
adapted as suggested by White et al. (2011) and canonical
solar reference values;

— Test4: grid-based modelling using the scaling relation for Ay
adapted as suggested by White et al. (2011) and the method-
specific solar reference values.

5. Results
5.1. Direct method

Given Eq. (1), we expect a ~0.4% change in log(g) upon a 1%
change in vpax. In the next section we explore the sensitivity of
grid-based search methods to changes in both Ay and v,y in the
range 5 uHz < v < 250 puHz.

5.2. Grid modelling

The results of the different experiments as listed in the previous
section are shown in Fig. 2. These are histograms of the differ-
ences in obtained log(g) values from grid-based modelling us-
ing global oscillation parameters derived using the different data
analysis methods CAN, COR, and OCT.

The two columns in Fig. 2 show the results of tests 1 and 2
(see Sect. 4). Each row shows the difference between two of the
methods. The distributions in the top panels are higher and nar-
rower compared to the distributions in the middle and bottom
row. This shows that the CAN and OCT approaches to the de-
termination in vyax give more similar results in log(g) than the
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Fig. 2. Histograms of the difference in log(g) obtained with different methods (fop row: OCT-CAN; centre row: COR-CAN; bottom row:
COR-OCT) and with different solar reference values (left: canonical solar reference values (test 1); right: method specific solar reference val-
ues (test 2)). The black solid line indicates the complete sample, the red-dashed line the red-clump stars and the green-dashed-dotted line stars on
the red-giant branch. We did not know the evolutionary phase for all the stars. The dotted lines show Gaussian fits to the distributions. The central
value and formal 1o~ uncertainties are given in the legend of each panel. A Gaussian fit through the RC data in the lower left panel did not properly
represent the distribution so it is omitted. The vertical dashed line indicates zero difference.

approach adopted by COR. See also Table 1 for the relative sys-
tematics of the results.

Going from the left- to the right-hand panels of Fig. 2,
the canonical solar reference values (test 1) are changed to the
method-specific solar reference values obtained from the anal-
ysis of VIRGO data (test 2). It is clear that using different so-
lar reference values introduces a bias in the determinations of
log(g). The shifts are consistent with the difference in solar ref-
erence values used for vy.x. In other words, it follows from the
scaling relation that Alog(g) « 10g2(Vmaxoe,1/Vmaxe.2). However,
it is well known that different methods produce different out-
puts for the solar values. Therefore, we had expected that the

difference in log(g) would be reduced when using the solar ref-
erence values and observed stellar values obtained using a given
method (test 2, right column). Evidently, this is not the case. The
difference in log(g) values is significantly smaller when the same
solar reference values are used (test 1, left column). This essen-
tially shows that the relative difference in obtained solar values
with the different methods is significantly more than the relative
difference in vp,x obtained for red giants between each of the
methods.

The left-hand histograms in Fig. 2 (test 1) also show that
there are always offsets between the RGB and RC distributions.
We find that for RGB stars the lowest log(g) is obtained with
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Table 1. Summary of ensemble systematics and uncertainties for log(g) using vi.x and Ay obtained with different methods using the same canonical

solar reference values (test 1).

log(9)oct — log(g)can  1og(g)cor — log(g)can o(log(g)can) a(log(g)cor) o(log(g)ocr)
dex (cgs) dex (cgs) dex (cgs) dex (cgs) dex (cgs)
All —13(+1) x 107* —13(+5) x 107* 0.0073 +£0.0002  0.0117 £0.0001  0.0086 + 0.0001
RGB —22(£2) x 107 —6(+£3) x 107 0.0063 +0.0004 0.0112 +£0.0001  0.0086 + 0.0001
RC —5(£2) x 10~* —48(+7) x 107* 0.0074 £ 0.0003  0.0124 = 0.0001  0.0087 = 0.0001
140F oll— 7] 1.010:
C RGB- -~ ]
120 RC---
100 E 3 3:‘ 1.005
: 3 g
= % E ] X 1.000f
60 [ - S i
C ] F
40r E 0.995]
20F .
ot s = o 5
0.000 0.005 0.010 0.015 0.020 0.96 0.98 1.00 1.02 1.04
Umcux,1 / Umcux,2
Fig. 4. Ratios of v, values from different methods vs. log(g) values
r derived from these respective v, values. Ratios of different methods
140 _ are indicated with different colours: black asterisks indicate CAN/OCT;
120F red crosses indicate CAN/COR; green diamonds indicate OCT/COR.
r The blue solid line is a fit to all results.
100F
8ok similar for all four tests. In general it seems as if the uncertainty
= E distribution of the RGB stars peaks at slightly higher uncertain-
60 ties than for RC stars. For CAN and OCT the uncertainties in the
40 E RC stars show a wider, flatter distribution compared to the uncer-
E tainties of COR indicating that the COR uncertainties are more
20F consistent, albeit slightly higher, than for the other methods.
of As indicated earlier, we also investigate the correction to
0.000 the Av scaling relation by White et al. (2011). The difference
between the results with and without the correction for a spe-
cific method are shown in Fig. 5. This figure shows that indeed
s T T T . the impact of the 2-3% correction in Av on log(g) is of the order
140 all— 7 of 0.001, which is well within the uncertainties of the results (see
120 E Rgg: - 3 Fig. 3). This is consistent with what we expect from Eq. (1). We
C ] note that a change of a few percent in Av will have a significant
100 . effect on the determination of the mass and radius.
b ] To investigate the improvement in accuracy of log(g) ob-
80 . . > .
z r ] tained from grid-based search methods compared to asteroseis-
60F Bl . mic scaling relations, we show the ratio of vy, obtained with
C . ; - ’:_}_‘ ] different methods vs the ratio of log(g) based on the respec-
40 b i D 3 tive vinax values (see Fig. 4). We fit a straight line through the ra-
20k o e ] tios and find a slope of 0.171 + 0.001. This uncertainty indicates
e R B a one-sigma uncertainty estimate of the slope. This indicates a
o(_)ooo - o-.c;os 0_0'10 0_615 == 0.020 change of 0.171% in log(g) upon a change of 1% in vy,y. This

A|09(9)OCT

Fig. 3. Distribution of the uncertainties in log(g) using global oscilla-
tions from CAN, COR, and OCT (top to bottom) and canonical solar
reference values (test 1). The colour-coding is the same as in Fig. 2.

global oscillation parameters from OCT, and slightly higher val-
ues from COR and CAN. For RC stars the distributions are less
well defined, making it difficult to be quantitative.

The uncertainties in log(g) (Fig. 3 and Table 1) show dis-
tributions that peak at around 0.01 dex. These distributions are
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is a significantly lower sensitivity than ~0.4% change in log(g)
upon a 1% change in vy,x expected from scaling relations. We
attribute this to the inclusion of additional constraints in grid-
based search methods.

6. Discussion

There is a significant spread in the derived log(g) values be-
tween COR and either CAN or OCT. This wide spread indi-
cates not that the COR values are systematically higher or lower
than CAN/OCT, but that they show a larger scatter compared
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Fig. 5. Histograms of the difference in log(g) obtained using grid-based
modelling with the same method, but with and without the correction
in the Av scaling relation (White et al. 2011). From fop to bottom:
CAN, COR, and OCT. The central values of the distributions and for-
mal 1o uncertainties are given in the legend of each panel. The vertical
dashed line indicates zero. The colour-coding is the same as in Fig. 2.
Note that the horizontal scale has been expanded.

to CAN/OCT results. We can understand this as indicating that
a less accurate log(g) is derived when using COR parameters.
This could be because both CAN and OCT use a more global
approach in which they include more prior information to fit the
background, while COR uses only a local mean slope in log-log
without prior information. Reliable determination of vy, de-
pends on a good determination of the granulation background
spectrum. It is possible to argue that the fully global approach
of CAN provides the best possible determination of the back-
ground, hence of v,x. Ideally one would verify this by comput-
ing log(g) from a Fourier power spectrum obtained from a model
for which we know log(g). Currently the uncertainties in such an
approach are too large to have any added value for this analysis.

There are large biases when using a solar reference value
computed with the same method. We understand these biases
as a sign that the current methods are optimised for analysis of
frequencies in the red giant regime and not in the solar regime,
which leads to relatively large scatter in the solar values com-
pared to the scatter in values determined for red giants. The
higher amplitudes of the modes, the lower number of orders, as
well as the narrow frequency range of the oscillations are likely
to improve the consistency between the derived global parame-
ters from different methods.

One might argue that the frequency regime of the solar ref-
erence is too different from that of the red giants. When it comes
to red giants, we might therefore consider a “platinum standard”,
i.e., a reference star that is another red giant. This needs to be a
star with extremely well-constrained properties obtained from
independent methods. A detached eclipsing binary such as anal-
ysed by Hekker et al. (2010b) could be a suggestion. For this star
there is an orbital solution, and the mass and radius have been de-
termined accurately (Frandsen, priv. comm.). However, this star
has a complicate oscillation pattern, and the evolutionary phase
has not been determined yet.

Our suggestion is to derive the most accurate value for log(g)
using oscillation parameters from CAN or OCT with canonical
solar reference values. The log(g) values from CAN parameters
have slightly smaller uncertainties. The drawback of this method
that it is relatively time consuming and is not fully automated.
The log(g) values from OCT parameters have slightly higher un-
certainties. Nevertheless, this method shows only small biases
in log(g), which are well within the uncertainties, and it is faster
than CAN and fully automated. Therefore, we suggest using os-
cillation parameters from OCT to obtain a homogeneous analy-
sis. It remains, however, essential that a selection of methods is
applied to validate the results of the chosen method.

We note that there are biases in the distributions between red-
clump and red-giant branch stars. These could be due to the dif-
ferences arising from a “local” or “global” approach. Kallinger
et al. (2012) and Hekker et al. (2012) have shown that at least
for Av it is possible to distinguish between red-clump and red-
giant branch stars by the difference in results from the “local” or
“global” method. Hekker et al. (2012) did not find any evidence
that vk could be used to distinguish between red-clump and
red-giant branch stars. However, the results presented here could
indicate that it is possible to identify the evolutionary phase of
the star from the determination of a “local” or “global” vyax.

In this work we have focussed on determining log(g), for
which small changes in Ay are insignificant. We recognize, how-
ever, that a change of a few percent in Av will have a significant
effect on the determination of the mass and radius of the star.
Using the scaling relations (Egs. (1) and (2)), it is straightfor-
ward to derive that a 5% uncertainty in vy,,x and 2% uncertainty
in Av lead to a ~10% uncertainty in stellar mass and a ~6%
uncertainty in stellar radius. This is significantly higher than
the ~2% uncertainty in log(g) upon a 5% uncertainty in vyyy.

7. Conclusions

For grid-based modelling we compared the log(g) values ob-
tained from the seismic parameters derived with the CAN, COR,
and OCT methods using a grid of BaSTI models. We can draw
the following conclusions.

— The log(g) values from oscillation parameters from the CAN
and OCT method are more similar and precise than the
results from COR;

AS59, page 7 of 8


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201321630&pdf_id=5

A&A 556, A59 (2013)

— The use of the same canonical solar reference values reduces
the biases in log(g) compared to using method-specific solar
reference values (this is at least true for red giants analysed
here);

— There are small biases between the results for red-clump and
red-giant branch stars;

— The uncertainties in log(g) are of the order of 0.01 dex (cgs);
— The biases due to different methods are within the uncertain-
ties when using the same canonical solar reference values;

— The correction in the Av scaling equation of 2-3%, as pro-
posed by White et al. (2011), does not influence the determi-
nation of log(g) significantly;

— Grid-based search methods show that log(g) values have a
lower sensitivity to small changes in vy, than is apparent
from the direct scaling relations.
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