UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

Seismic Constraints on Helium Abundances from
the TESS Southern CVZ

Ong, J. M. Joel; Lund, Mikkel N.; Basu, Sarbani; Stassun, Keivan G.; Tayar, Jamie; Yildiz,
Mutlu; Orhan, Zeynep Celik; Ortel, Sibel; Antia, H. M.; Appourchaux, Thierry; Corsaro, Enrico;
Davies, Guy R; Themel3l, Nathalie; Viani, Lucas S.; Huber, Daniel

DOI:
10.5281/zenodo.6685627

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Ong, JMJ, Lund, MN, Basu, S, Stassun, KG, Tayar, J, Yildiz, M, Orhan, ZC, Ortel, S, Antia, HM, Appourchaux,
T, Corsaro, E, Davies, GR, Themef3l, N, Viani, LS & Huber, D 2022, Seismic Constraints on Helium Abundances
from the TESS Southern CVZ. in AS Brun, J Bouvier & P Petit (eds), The 21st Cambridge workshop on Cool
Stars, Stellar Systems, and the Sun: Proceedings from the 21st Cambridge Workshop on Cool Stars, Stellar
Systems, and the Sun, held in Toulouse, France from 04 — 08 July 2022. Zenodo, The 21st Cambridge
Workshop on Cool Stars, Stellar Systems, and the Sun (CS21), held 4-8 July, 2022 in Toulouse, France,
Toulouse, France, 4/07/22. https://doi.org/10.5281/zenodo.6685627

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 29. May. 2023


https://doi.org/10.5281/zenodo.6685627
https://doi.org/10.5281/zenodo.6685627
https://birmingham.elsevierpure.com/en/publications/4996a195-482a-4384-896d-6766f1c83ecc

Seismic Constraints on Helium Abundances from the TESS Southern CVZ

J. M. Joel Ong" Mikkel N. Lund? Sarbani Basu' Keivan G. Stassun® Jamie Tayar* Mutlu Yildiz>

i ale Zeynep Celik Orhan®>  Sibel Ortel> H. M. Antia® Thierry Appourchaux” Enrico Corsaro® Guy R. Davies’
Nathalie ThemeRl'"Y Lucas S. Viani' Daniel Huber*

Yale: 2SAC, Aarhus; 3Vanderbilt; “Hawai'i; 2izmir; °TIFR; /Institut d’Astrophysique Spatiale; SINAF; ?Birmingham ""MPS

Mixed-Mode Asteroseismology from the TESS

Southern CVZ (and other sources) yields initial helium

abundances that are inconsistent with a single linear
helium-enrichment law.

Helium is an underconstrained input into stellar modelling; a linear helium-enrichment law » Of the subset of the ATL lying in the Southern CVZ, we found a very large fraction of our
(ie. Yj = Yp 4+ (dY/dZ)z;) is typically assumed (with Yp supplied from BBN). sample to exhibit no significant seismic power excesses in their spectra, with a pronounced
» |Is this a generally valid assumption? detection bias towards more evolved stars (fig. 4)
» Can dY/dZ be constrained? 04
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» Helium abundances are difficult to constrain with spectroscopy in cool stars - 0.0
» Solar-like oscillations constrain surface helium abundances from p-mode frequencies (fig. 1). 0.9
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Figure 1: Variations in the p-mode frequencies resulting from different helium abundances (left panel) yield an » Mode frequencies were fitted against the power spectra with 7 different peakbagging
oscillatory “slitch signature” (right panel) which can be used to constrain surface abundances (and initial helium pipelines, with each set of results treated as independent measurements
abundances through stellar modelling). . L . : : : : -

» Luminosities were found with SED measurements in conjunction with Gaia parallaxes
p-modes are not directly accessible in post-main-sequence solar-like oscillators. Even if they » Other spectroscopic properties (metallicities and effective temperatures) were assembled
were, comparable methods would become less sensitive over the course of stellar evolution from the literature
(fig. 2). To overcome the sampling biases induced by this low seismic yield, we supplement this

031 sample with known subgiant oscillators observed by Kepler and K2.
i S :
1100 - 0.30 " Results from Stellar Modelling
=
1000 - 029 ¢ We constrain the initial metal and helium mass fractions by stellar modelling, using three
L 5 different model grids.
3 0.28
N = _
900 - B AY/A? =3
0.27 & 0.32 - o
800 - < ,/’
0.26 = P L —1b
0.30 - i NI
700 . . . . 0.25 -
0 10 20 30 50
v mod Av/uHz 0.928 -
Figure 2: Echelle diagrams of notional pure p-modes for subgiant stellar models Nt
Instead, these evolved stars exhibit mixed dipole modes, whose p-modes undergo avoided 0.26 -
crossings with underlying g-modes. These are highly sensitive to the initial helium
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300 —_—  ——— 0.26 = » This is consistent with earlier attempts to constrain helium enrichment from main-sequence
= B solar-like oscillations!
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v mod Av/uHz » Substantial systematic error (much larger than statistical) resulting from uncertainties in

Figure 3: Echelle diagrams of dipole mixed modes for the same stellar models other stellar modelling inputs (e.g. overshoot, EOS, surface term correction)

Stellar modelling using both spectroscopy and asteroseismology of these evolved oscillators Potential improvements from Gaia DR3?
thus yields estimates of both initial helium abundances and initial metal fractions; ensemble

asteroseismology in turn permits constraints on the helium enrichment over the observed

stellar population.



