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An increasingly popular method to determine stellar ages of red-giant stars for the purpose of Galactic archaeology
is asteroseismic! grid-based modelling (GBM). In GBM, observed parameters are compared to those obtained from
a grid of stellar evolution models to obtain stellar parameters such as mass, radius and age. In asteroseismic GBM
of red-giant stars with solar-like oscillations the large frequency separation (Av) and the frequency of maximum
oscillation power (Vmax) are commonly used asteroseismic observables, in addition to the usual spectroscopic parameters
effective temperature (Teg) and metallicity ([Fe/H]). Different types of observations are required to obtain the observed
parameters: Av and vy.x require timeseries data, while a single epoch observation is sufficient to determine T,g and
[Fe/H].

The precision with which Av and vy, can be determined largely depends on the length of the timeseries data
(assuming the stars are bright enough that the oscillations can be detected). An increase in the timespan of the data
and hence, the precision of the asteroseismic parameters is often obtained at the cost of number of stars observed.
Different space mission have made different choices. The Kepler mission provided the longest (~ 4 years long) timeseries
data of red giants with solar-like oscillations currently available. At the other extreme, the TESS mission is providing
~27-day to about 1-year long timeseries for tens of thousands of oscillating red giants. The question that we aim to
answer here is: with what precision should [Fe/H] and Teg be obtained to derive stellar ages of red-giant stars through
asteroseismic GBM given the precision of Av and vy, that we can expect from the TESS data?

To answer this question, we investigate the impact of uncertainties and biases (i.e., systematic errors) in Teg and
[Fe/H] on the determined ages of red-giant stars using asteroseismic GBM, given the precisions to which Av and vpax
can be obtained with timeseries data of ~ 50 and ~ 400 day length. For this investigation we use the APOKASC
sample of ~ 6600 red-giant stars (Pinsonneault et al. 2018; Elsworth et al. 2019) and perform asteroseismic GBM on
these red-giant stars using the MPS-SAGE code (for details see Hekker & Ball 2014, and Serenelli et al. in prep.).
We estimated the uncertainties to be oa, = 0.1 yHz and o0,,,,, = 1 pHz for a 50-day dataset and oa, = 0.05 pHz
and o, . = 0.5 uHz for a 400-day dataset as per Hekker et al. (2012). From now on we refer to these datasets as the
50-day and 400-day dataset.

For both the 50-day and 400-day datasets we compute ages and uncertainties in ages for Tog and [Fe/H] values
assuming the following uncertainties:

OTegsr = [507 100, 200] K, (1)
We additionally assume the following biases or systematic errors:

Ar.,. = [~200,—100, 50, 0,50, 100, 200] K, (3)
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1 Asteroseismology is the study of the internal structures of stars through their global oscillations.


http://orcid.org/0000-0002-1463-726X
http://orcid.org/0000-0002-6163-3472
mailto: hekker@mps.mpg.de

RGB — 50 day CHeB — 50 day
0.10 o ———— . T 0.10 T T T T
L ] L ~— —a ]
0.05 — 0.05+ -
~ L i ~ L i
>~ >~
2, [ 1 o, [ i
& 0.00f------- & 000f------ etubiiabis  Eiabi R et it SRR
< L ] < L X ]
S 1 < :
=0.05 A[Fe/H]= —0.2 dex ® 7] -0.05 7
i A[Fe/H]= —0.1 dex ® 7 | © A[Fe/H]= 0.05 dex 1
i A[Fe/H]= —0.05 dex ® 7 [ @ A[Fe/H]= 0.1 dex 1
r A{Fe/H]= 0.0 dex ® 1 [ o A[Fe/H]= 0.2 dex 1
-0.10 L L L L -0.10 L L L L
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
Tresm) [deX] O(rem) [dEX]
RGB — 400 day CHeB — 400 day
0.10 T T T T 0.10 T T T T
0.05 — 0.05+ -
~ L ] - L X ]
> >
o F 1 o 3 ) E
B 000 e R e e oo 4 o.oo—f”””g— S «S——
_ [ : N : X RN %4 :
S 1 < :
-0.05 -1 —-0.05 -1
L " ] L i
r A Xoverreernnn X r 1
-0.10 L L L L -0.10 L L L L
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
O(resm) [dex] O(resm) [dex]
RGB — 50 day CHeB — 50 day
0.2F T T T T ] 0.2F T T T T ]
0.1F = 0.1F = = E
Tk I T z
& b ] o, E ]
§F oof ] 8 o0f (=== ]
< b ] < £ ]
$o o 5
-0.1F AT, = —200 K ® ] -0.1F =
3 A= —100 Ko ] [ oAT, =50K ]
3 X AT,= =50 Ko ] [ ®AT,= 100 K ]
3 Ay=0Ke 1 E o AT,= 200 K ]
-0.2E L . . . ] -0.2k L . . . 3
o] 50 100 150 200 250 0 50 100 150 200 250
Oren [dex] Trer [dex]
RGB — 400 day CHeB — 400 day
0.2F T T T T ] 0.2F T T T T ]
01F 3 01F e
bl b ] - o ~ PN ]
> F E > F € b
2 b ] o E ]
g 0.0f------- . g 0.0F ]
< b ] < E ]
$o P 5
-0.1F = -0.1F =
E E i S 3
-0.2k . . . . ] -0.2E . . . . 3
] 50 100 150 200 250 0 50 100 150 200 250
Oy [dex] Tree [dex]

Figure 1. Uncertainties oage (dots with solid lines) and biases A,ge (crosses with dotted lines) in age estimates obtained from
asteroseismic GBM as a function of uncertainty in [Fe/H] (top 4 panels) or Teg (bottom 4 panels). The biases in [Fe/H] and
Tes are colour-coded as per the legends. Panel headers indicate the length of the dataset and the evolutionary state of the stars
presented. The gray dashed lines indicate zero.
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Afpe/H) = [0-2,0.1,-0.05,0.0,0.05,0.1,0.2] dex. (4)

We note here that the tests for Tog and [Fe/H] are performed independently, with the value of the second parameter
fixed to the value as provided by APOKASC (Pinsonneault et al. 2018).

In Fig. 1, we present the resulting uncertainties and biases in ages for red-giant stars given the uncertainties and
biases in [Fe/H] (top 4 panels) and Teg (bottom 4 panels). The biases are computed with respect to the 400-day dataset
with no bias (dark blue) and smallest uncertainty. In most cases presented here the value of 0,4 shows only weak,
or no, dependence on the uncertainties and biases in [Fe/H] and Tog ingested in this study. The largest deviations
are present in the 50-day dataset with T,g biases. Furthermore, in most cases Auge < 0age and hence a potential bias
is incorporated in the uncertainties. Only in case a large (> 100 K) Teg biases is accompanied by a small (50 K)
uncertainties in Teg on the red-giant branch, A,ge is of the order of or larger than oag. and in these cases we expect
an impact of this bias on the resulting age estimate. These results are in line with the robustness of main-sequence
and subgiant solar-like oscillators to biases and uncertainties in Tog and [Fe/H] presented by Bellinger et al. (2019) .
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