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Abundance Analysis of Stars at Large Radius in the
Galaxy *

lan U. Roederer, Andrew B. Pace, Vinicius M. Placco, Nelson Caldwell, Sergey E. Koposov, Mario Mateo,
Edward W. Olszewski, Matthew G. Walker,

Abstract

We present the stellar parameters and chemical abundances of 30 elements for five stars located at large
radii (3.5-10.7 times the half-light radius) in the galaxy. We selected these stars
using proper motions, radial velocities, and metallicities, and we confirm them as metal-poor members of
Sextans with -3.34 = [Fe/H] = -2.64 using high-resolution optical spectra collected with the Magellan Inamori
Kyocera Echelle spectrograph. Four of the five stars exhibit normal abundances of C (-0.34 = [C/Fe]l = +
0.36), mild enhancement of the a elements Mg, Si, Ca, and Ti ([a/Fe] = +0.12 * 0.03), and unremarkable
abundances of Na, Al K, Sc, V, Cr, Mn, Co, Ni, and Zn. We identify three chemical signatures previously
unknown among stars in Sextans. One star exhibits large overabundances ([X/Fe] > +1.2) of C, N, O, Na, Mg.
Si, and K, and large deficiencies of heavy elements ([Sr/Fe] = -2.37 + 0.25, [Ba/Fe] = -1.45 + 0.20, [Eu/Fe] <
+ 0.05), establishing it as a member of the class of carbon-enhanced metal-poor stars with no enhancement of
neutron-capture elements. Three stars exhibit moderate enhancements of Eu (+0.17 = [Ew/Fe] = + 0.70),
and the abundance ratios among 12 neutron-capture elements are indicative of r-process nucleosynthesis.
Another star is highly enhanced in Sr relative to heavier elements ([Sr/Ba] = +1.21 + 0.25). These chemical
signatures can all be attributed to massive, low-metallicity stars or their end states. Our results, the first for
stars at large radius in Sextans, demonstrate that these stars were formed in chemically inhomogeneous
regions, such as those found in ultra-faint dwarf galaxies.

Keywords

Dwarf spheroidal galaxies
Nucleosynthesis
Stellar abundances

Supporting material : [[iHCHINGOAUABIE table (see Table 4)

1. Introduction

‘The chemical compositions of old stars reflect which elements were produced, and in what amounts, by the
earliest generations of stars and supernovae. Old stars are found in many Galactic environments, including
the surviving populations of dwarf galaxies surrounding the Milky Way. The star formation histories of the
lowest mass dwarf galaxies, often referred to as ultra-faint dwarf (UFD) galaxies indicate that these systems
formed large fractions-up to =80%-of their stars before the end of reionization (Brown et al. 2014 ). Stellar
chemistry supports this conclusion. Detailed chemical analysis of individual stars in UFD galaxies reveals that
they host relatively high fractions of stars that may have formed from the remnants of zero-metallicity
Population I1I stars (Frebel & Norris 2015 , and references therein).

More massive dwarf galaxies, often referred to as classical dwarf spheroidal (dSph) galaxies, also formed
relatively high fractions of their stars at early times (e.g., Revaz et al. 2009 ; Weisz et al. 2014 ). The dSph
galaxies are massive enough to have sustained internal chemical evolution, so chemical signatures associated
with the earliest stars and supernovae are rare (e.g., Starkenburg et al. 2010 ; Kirby et al. 2011b ), but
present (e.g., Fulbright et al. 2004 ; Frebel et al. 2010 ; Skiladéttir et al. 2023 ).

Most previous studies have focused on stars in the central regions of dSph galaxies, but recent efforts have
confirmed members at large separations from their centers. These efforts have been based on spectroscopic
follow-up of wide-field photometric searches (e.g., Mufioz et al. 2005 , 2 Westfall et al. 2006 ; Hendricks
et al. 2014 ) or wide-field broadband photometry combined with proper-motion measurements from the Gaia
m|>510n (Prusti et al. 2016 ). Studies by Chiti et al. (2021, 2023 ), Filion & Wyse 1), Longeard et al. (

3 ), Qietal Yang et al. ( 2 and Sestito et al. ( 2! ) have shown that
several dsph and UFD galax\es contain stars neax their tidal radii. These eytended stellar halos may have
formed through dwarf galaxy mergers (Rey et al. 2010 ; Tarumi et al. 2021 ), and multiple mergers may have
occurred within individual dSph galaxies around the Milky Way (Griffen et al. 2018 ; Deason et al. 2023 ).
‘These stars frequently exhibit low metallicities, [Fe/H] < -2. The outer regions of UFD and dSph galaxies may
host previously unrecognized reservoirs of stars whose chemical enrichment was potentially dominated by
the earliest generations of stars and supernovae.

Our study builds on previous work by examining the chemistry of stars in the outer regions of the [N
BSpH gala.vy for the first time.Sextans is 89 kpc from the center of the Milky Way (Fritz et al. 2018 ). Battaglia
) computed orbit integrations for Sextans that account for the reflex motion of the Il
on the Milky Way. These calculations indicate that Sextans is on a moderately eccenmc
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2023Ap)...954...55R - Astrophys. J., 954, 55 (2023/September-1)

Abundance Analysis of Stars at Large Radius in the Sextans Dwarf Spheroidal Galaxy.
ROEDERER 1.U.,, PACE A.B., PLACCO V.M., CALDWELL N., KOPOSOV S.E., MATEO M., OLSZEWSKI E.W. and WALKER M.G.
Abstract (from CDS):

We present the stellar parameters and chemical abundances of 30 elements for five stars located at large radii (3.5-10.7 times the half-light radius) in the Sextans dwarf spheroidal galaxy.
We selected these stars using proper motions, radial velocities, and metallicities, and we confirm them as metal-poor members of Sextans with -3.34 = [Fe/H] = -2.64 using high-resolution
optical spectra collected with the Magellan Inamori Kyocera Echelle spectrograph. Four of the five stars exhibit normal abundances of C (-0.34 = [C/Fe] = + 0.36), mild enhancement of the
a elements Mg, Si, Ca, and Ti ([a/Fe] = +0.12 * 0.03), and unremarkable abundances of Na, Al, K, Sc, V, Cr, Mn, Co, Ni, and Zn. We identify three chemical signatures previously unknown
among stars in Sextans. One star exhibits large overabundances ([X/Fe] > +1.2) of C, N, O, Na, Mg, Si, and K, and large deficiencies of heavy elements ([Sr/Fe] = -2.37 + 0.25, [Ba/Fe] =
-1.45 * 0.20, [Eu/Fe] < + 0.05), establishing it as a member of the class of carbon-enhanced metal-poor stars with no enhancement of neutron-capture elements. Three stars exhibit
moderate enhancements of Eu (+0.17 = [Eu/Fe] = + 0.70), and the abundance ratios among 12 neutron-capture elements are indicative of r-process nucleosynthesis. Another star is highly
enhanced in Srrelative to heavier elements ([Sr/Ba] = +1.21 * 0.25). These chemical signatures can all be attributed to massive, low-metallicity stars or their end states. Our results, the
first for stars at large radius in Sextans, demonstrate that these stars were formed in chemically inhomogeneous regions, such as those found in ultra-faint dwarf galaxies.

Abstract Copyright: © 2023. The Author(s). Published by the American Astronomical Society.

Journal keyword(s): Dwarf spheroidal galaxies - Nucleosynthesis - Stellar abundances
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2023ApJ...952L..23K - Astrophys. ], 952, L23 (2023/July-3)

SN 2023ixf in Messier 101: A Variable Red Supergiant as the Progenitor Candidate to a

KILPATRICK C.D., FOLEY R J., JACOBSON-GALAN W.V,, PIRO A.L., SMARTT S.J., DROUT M.R., GAGLIANO A., GALL C., HJORTH J., JONES D.O., N
RUIZE., RANSOME C.L., VILLAR VA., COULTER D.A., GAO H., MATTHEWS D.J., TAGGART K. and ZENATI Y.

Abstract (from CDS):

We present preexplosion optical and infrared (IR) imaging at the site of the type II supernova (SN II) 2023ixf in Messier 101 at 6.9 Mpc. We astr
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Abstract

‘We present preexplosion optical and infrared (IR) imaging at the site of the type II supernova
(SN II) 2023ixf in at 6.9 Mpc. We astrometrically registered a ground-based image
of B to archival Hubble Space Telescope (HST), Spitzer Space Telescope (Spitzer), and
ground-based near-IR images. A single point source is detected at a position consistent with the
SN at wavelengths ranging from HST R band to Spitzer 4.5 pm. Fitting with blackbody and red
supergiant (RSG) spectral energy distributions (SEDs), we find that the source is anomalously
cool with a significant mid-IR excess. We interpret this SED as reprocessed emission in a 8600
RO circumstellar shell of dusty material with a mass ~5 x 10-5Mo surrounding a log(L/L_o )=4.
74+ 0.07 and T_ eff=3920_-160 +200 K RSG. This luminosity is consistent with RSG models of
initial mass 11 Mo, depending on assumptions of rotation and overshooting. In addition, the
counterpart was significantly variable in preexplosion Spitzer 3.6 and 4.5 pm imaging, exhibiting
~70% variability in both bands correlated across 9 yr and 29 epochs of imaging. The variations
appear to have a timescale of 2.8 yr, which is consistent with k-mechanism pulsations observed
in RSGs, albeit with a much larger amplitude than RSGs such as [ RS (NS
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1. Introduction

All hydrogen-rich supernovae (SN II) with directly identified progenitor stars have been
interpreted to come from systems with initial mass <20 Mo (Smartt 2015 ). With the exception
of the blue supergiant progenitor of the peculiar SN II 1987A (Hillebrandt et al. 1987 ; Arnett et
al. 1989 ), the yellow supergiant progenitor stars of hydrogen-poor SNe IIb (e.g., Aldering et al.
1994 ), and the luminous blue variable (LBV) progenitor stars to SNe IIn (e.g., Gal-Yam &
Leonard 2009 ), all of these systems are red supergiants (RSGs). These stars have massive,
extended, hydrogen envelopes and make up the majority of directly identified progenitor stars
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