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Abstract. APOKASC is a collaboration between APOGEE’s spectroscopic survey in the near IR at Apache
Point (SDSS) and Kepler Asteroseismic Science Consortium (KASC) for the study of red-giant stars. The aim
of the collaboration is to take advantage of the good spectroscopic data of APOGEE together with the excellent
KASC asteroseismic data from the Kepler mission to derive reliable and precise masses and ages for a large
number of red-giant stars by combining data from the two sources. We report here on the progress to date on

the just over 6600 stars being considered.

1 Introduction

The APOKASC consortium was formed to take advantage
of the good spectroscopic data of APOGEE and the ex-
cellent asteroseismic data from the Kepler mission to de-
rive reliable and precise masses and ages for a large num-
ber of red-giant stars. The first results on 1916 red-giant
stars were published in 2014[1]. Since then, the number of
stars observed has been considerably expanded, longer du-
ration Kepler datasets are available and the spectroscopic
pipeline of APOGEE has been improved. We report here
on the progress with the grid-based modelling used to de-
rive stellar masses and other parameters for just over 6600
red-giant stars. We take advantage of the latest advances
in stellar modelling for stars on the upper portion of the
red-giant branch where homologous scaling breaks down.
Additionally, we are able to use the full precision of the
asteroseismic data because data from several pipelines are
provided as inputs to the grid-based modelling and it is
now possible to provide information on the evolutionary
state of individual stars based on the asteroseismic infor-
mation and the effective temperature of the star.

2 The Asteroseismic Data

The average asteroseismic parameters of vp,x and Ay have
been provided by five different teams. The methods used
by the teams are described in A2Z[2], CAN[3], COR[4],
OCT](5], and SYDI[6]. The Kepler data used in the analysis
was prepared by various different preparation methods[7]
[8][Mathur et al, in preparation] and it was checked that
the preparation method had no significant impact on the
derived parameters. From the asteroseismic spectra, it is
possible to estimate the evolutionary state of the stars, i.e.
has Helium started to be burnt in the core of the star? There
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are diverse ways of determining the evolutionary state and
the detail of the methods used and the method to combine
the different categorisation is given in Elsworth et al. (in
preparation). In essence, the combination process looks
for majority agreement between the different categorisa-
tion methods. For a summary of the different methods
used see Elsworth et al.(submitted). In only about 8%
of the stars is there not a reasonable consensus. These
parameters, together with spectroscopic parameters from
APOGEE DRI13[9] are used as inputs to the grid-based
modelling in order to determine the mass and other prop-
erties of the individual stars. The normal practice is to
choose one preferred set of average asteroseismic param-
eters and to then inflate the uncertainties of that method
to reflect the range of values provided by the other meth-
ods. We have chosen not to follow that route. Instead we
have supplied all the data (after a small amount of extreme
outlier rejection) to the grid-based modelling together with
their original uncertainties. We do this to take full advan-
tage of the precision in the average asteroseismic param-
eters and to explore the systematic effects of the different
methods.

The asteroseismic vy, values have an additional use
in that they are believed to provide precise and accurate
estimates of the surface gravity of the stars.

3 Goals of the Project

From the average asteroseismic parameters and the effec-
tive temperature, it is possible to use the principles of ho-
mology to compute mass and radius. For this we use the
following scaling relations[10] which can be re-arranged
to provide standard expressions for mass and radius. The
constant of proportionality is provided by the solar refer-
ence values for Av, v and Teg which are specific to the
individual methods.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Figure 1: The average seismic parameters and the computed scaling-law mass are compared for 3 different methods (CAN, COR and
OCT). In all cases the reference result is provided by CAN. In purple is CAN-COR and in light brown is CAN-OCT.
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It is well-known that the different methods of measur-
ing the average seismic parameters give slightly different
values for the mass and the radius of stars. In other words,
the solar reference values do not always fully compensate
for the different approaches. Consider the data shown in
figure 1. Here data from three methods are compared.
The data from the CAN method are taken as the reference
point. In the upper panel are shown, in light brown, the
differences between Av from CAN and OCT as a func-
tion of the CAN vy« value. The sense of the comparison
is CAN-OCT. In green are the differences for CAN-COR.
As is evident from this plot, the Av values for the different
methods do not precisely agree. The level of the disagree-
ment is up to 10%. This is well known and has been exten-
sively studied (see e.g.[11]). The second panel shows the
comparison for vy« and the final one shows the scaling-
law mass. The solar reference values have been used to
mitigate the effects of the different seismic methods and it
can be seen the OCT and COR now agree quite well but
there are still small differences from the CAN result. Simi-
lar conclusions can be demonstrated for the other methods.
The position is actually more complicated than shown here

(@)

because the differences between the derived masses are ac-
tually somewhat dependent on the evolutionary states of
the stars concerned.

We hope that the use of grid-based modelling will re-
move this disagreement. Hence, one of the major aims of
the project is to measure the improvement that is gained
for the giants from using grid-based modelling as opposed
to the simple scaling laws. The ages of the stars, a very
important parameter, can only be gained from the mod-
els. Furthermore, to give validity to the computed ages,
we need to be sure that the mass calculation is precise and
accurate and it is for that reason that we use both the sim-
ple scaling laws and the grid-based modelling.

4 Grid-based Modelling (GBM)

There are many teams involved in this project and here
we show only a small number of interim results that illus-
trate progress to date. Within most grid-based models, the
scaling laws are used to predict asteroseismic parameters
from the mass, radius and T of the model stars. How-
ever, it is becoming clear that it is not appropriate to use
strict homology on the upper parts of the red-giant branch.
Instead, the Av value for any given model star is calculated
directly from the computed oscillation frequencies of the
model star. For the results presented here, this method has
been adopted. In figure 2, we show representative results
from the Silva Aguirre GBM pipeline[12]. The difference
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between the grid mass and the scaling-law mass are plot-
ted as a function of vy, for a variety of different seismic
inputs. There is a clear trend in the difference between the
two types of mass estimates. The scaling-law approach re-
turns masses significantly higher than the GBM approach,
particularly so for low vy stars. This is due to the correc-
tion used within the models for the lack of homology high
on the red-giant branch. The different seismic methods
are giving similar but not identical results. Even tighter
agreement between the different seismic inputs is seen in
figure 3 where we show the results from Serenelli[13] ex-
tended to include the average seismic parameters. In this
case, extra scaling is used to remove the effects of the dif-
ferent solar reference values for the different seismic meth-
ods. The level of the difference between the GBM mass
and the scaling-law mass at low vy, is consistent with the
results in figure 2. For the red-clump stars, the situation
is less good. We do not show any results here, but there
is disagreement and scatter in the results at the 15 to 20%
level.
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Figure 2: comparison between Mass results from the Silva
Aguirre GBM pipeline and scaling-law masses for 3 differ-
ent seismic input methods — CAN (green), COR(purple) and
OCT(light brown)

There is one other very interesting effect that is seen in
all the pipelines. The grid-based modelling process selects
a model star that best fits the full set of input data. How-
ever, the parameters of the chosen model are never iden-
tically the same as those of the real, observed star. The
input parameters are the average seismic parameters, Vmax
and Av, plus the effective temperature T.g. No particu-
lar trends have been seen in the average seismic param-
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Figure 3: Comparison between Mass results from the Serenelli
GBM pipeline and scaling-law masses for 3 different seismic in-
put methods — CAN(green), COR(purple) and OCT(light brown)
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Figure 4: Comparison between the temperature of the chosen
model and the observed input temperature from the Stello GBM
pipeline for 3 different seismic input methods — CAN(green),
COR(purple) and OCT(light brown). The independent variable
is the scaling law mass.

eters but there is an effect for the temperature difference
between the observed and selected model values. Here
we illustrate the effect with results from the Stello GBM
pipeline[14] [15] as shown in figure 4 where the temper-
ature difference is plotted as a function of the scaling law
mass. At scaling law masses above about 1.2M,, the cho-
sen model has a lower temperature than the real star by
about 100K. The size of this offset is dependent on the
actual GBM pipeline and some have very small offsets.
However, as the scaling law mass considered is reduced
there is a clear trend in the temperature difference between
the real star and the chosen model in the sense that the
chosen model temperature gets closer to the observed one
and then goes above it. This trend has the effect that the
mass of the chosen is increased with respect to the scaling
law mass. The GBM pipelines do not return very law mass
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stars. We are currently exploring possible reasons for this
effect.

5 Conclusions

This is an interim report on the first time that a signifi-
cant range of average asteroseismic parameters have been
used as inputs to grid-based modelling with corrections for
the lack of homology for RGB stars. The work is under-
taken in the framework of APOKASC. The initial results
are very encouraging. One effect at low scaling law mass
is curious and needs further investigation.
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