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Abundance analysis of individual elements
for nearby M dwarfs
with high-resolution near-infrared spectroscopy
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Stellar Elemental Abundance

Important for formation environment

Stellar chemistry » and internal structure of orbiting planets

Most previous works on M dwarfs considered [M/H] or [Fe/H] only
= Need to know individual [X/H]

(Example 1) Where on the Galactic evolution?
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(Example 2) Internal structure of rocky planets?

mass & radius

mantle (Si02, MgQ)

mean iron core (Fe, Ni)

density abundance
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M dwarfs o

Tert ~ 2500 — 3900 K
M= 0.08 - 0.0 Mg
R = 0.1-0.6Ro

Teff ~ 5800 K
> 70 % of nearby stars
M= 1 Mo
R =1 RQ . Earth
Courtesy of P Hauschildt and . Bean et al. ‘ M 4V
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IRD-SSP
( = InfraRed Doppler — Subaru Strategic Program)

Radial velocity survey (February, 2019- (5 year))

of nearby mid-late M dwarfs (0.1-0.2 Msun)
for Earth-mass planets
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Targets and Data

We analyzed 13 M dwarfs (including RV standards) for which
high quality “template spectra” were obtained in IRD-SSP.

@ are
removed by the model fitting
(LBLRTM) and by taking
advantage of the wavelength
shift over seasons

@ Instrumental broadening
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Model Fitting & Equivalent Width Analysis

1.0 A : N | |
0.9 1 | ) lterate until convergence
.. 0.81
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0.4 - Observed data n £ MOdeI
03] " pest it movte g (Compare) o @ iocphere
2\, /2 MARCS
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A [nm] @ 3 ‘ Line data
. . ®) n ? VALD3
Auto.matlcz?llly fit mc?del spectra to [Tsuji 1978]
obtain Equivalent width (EW)
(fixing the wavelength range of lterate the adjustment of [X/H]
each absorption line for all objects) until the theoretical EW matched

the observed EW for each
absorption line.

Determine [X/H] for eight elements
consistently.
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The method was verified with FGK+M binaries
(Ishikawa et al. 2020)

FGK
One example (BX Cet; Terf = 3284 K) :
v 0.75 L + : M dwarf (Ishikawa et al. 2020)
0.50 ¢ : K-type Primary (Montes et al. 2018)
0.25} +
E 0.00 | # o ; |
Share the same —0.257 % % % ‘
chemical abundances —020r Mg Ca Fe -
~0.75} T ]

100671513 14 15 16 17 18 10 20 21 22 23 24 25 26 27
atomic number

We used the spectra of NIR channel of CARMENES

Our results of M dwarfs agree with the abundances of the primary stars
(determined by high-dispersion visible spectroscopy) within the estimated
error (~0.2 dex).



Results:

Dashed line: average of all the
elements [Mave/H], weighted

by (1/0)2

All [X/H] generally aligned

with [Mave/H].
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Results: Metallicity

Relative frequency of objects

301 Qur 13 M dwarfs .. T
, 5| Nearby FGK (Adibekyan et al. 2012) | Metallicity distribution comparable to FGK
Lol ti _ stars
1.5 J ' The wide spread over almost 1 dex
1.0¢ B 1 -> Interesting to compare with planetary
0.5 ' characteristics!
0.0 —— ' ' =
-1.0 —-0.5 0.0 0.5

[Mave/H]



page

Results: [X/Fe] distribution o

. Thin 0.8 e _
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[X/Fe] vs [Fe/H] are important | [Fe /H]
indicators of Galactic chemical A ;
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Results: [X/Fe] distribution
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Na, Cr, and Mn also show similar 06
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Discussion: Kinematics

- Thin
________________________ Thick L FGKstars in HARPS-GTO
ol T T targets (Adibekyan+ 2012)
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4+ M dwarfs from Ishikawa et al. (2020)
~ 120 - ¢ M dwarfs in IRD-SSP targets
! )
n 1% . e _
£ 100 ________ S .E.;x.‘ce.t. .......
N IR
HD15 '36.38 L '
= f ; A... . W Galactocentric
+ B A AT '
N oo R R L coordinates
D 404 RN bt AT S e
> o o ::".-‘ ?;*:&?‘%‘: .*':'o:. U
: . ::. A O "#.f%."f'&- ’ ¢
201 P T A
: T g T
O | T | S T v "‘ ...|. : T '
-100 -75 -50 =25 O 25 50
Perpendicular to the V (km s™) (5,0 means almost same

Galactic rotation circular motion as Sun

Galactic rotation direction

Calculated the space velocities UVW from
radial velocities measured from IRD spectra and
astrometric measurements from Gaia
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Discussion: Kinematics o

Thick L FGK stars in HARPS-GTO
o Halo J targets (Adibekyan+2012)

4+ M dwarfs from Ishikawa et al. (2020)
<+ M dwarfs in IRD-SSP targets
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Galactic rotation circular motion as Sun show higher Vtot

Galactic rotation direction

In addition to abundance patterns, kinematics suggest a few targets belong to
Galactic thick disk.

Enabled comparison of abundance patterns and kinematics for M dwarfs!
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<> Summary
What we did

Abundances of 8 elements are determined for 13 nearby M dwarfs

Including > 10 objects with Terr < 3200 K for the first time.

What we found

Distributions of [Fe/H] and [X/Fe] are comparable to those of FGK stars in
the solar neighborhood. (from -0.6 to +0.4 dex)

Vetallicity distribution and kinematics suggest that a few of them belong to
the Galactic thick disk.

Future prospects

Extension to all targets of IRD-SSP will lead to a further understanding of

abundance distribution of M dwarfs and help to explore the relations

between M dwarfs’ chemistry and the nature of orbiting planets.



