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*1 Ohsawa, et al.,, 2019. Luminosity function of faint sporadic meteors measured with a wide-field CMOS mosaic camera
Tomo-e PM. Planetary and Space Science 165, 281-292. https://doi.org/10.1016/j.pss.2018.09.006
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I am grateful to the Hayakawa Fund which sup-
ported me in attending the ESO workshop “A
revolution in stellar physics with Gaia and large
surveys” held in Warsaw, Poland. I presented a
poster titled “Line-depth ratios as indicators of
stellar parameters in near-infrared high-resolu-
tion spectra” in the workshop and had meaning-
ful discussions with many researchers.

This ESO workshop is closely related to a re-
cently developing field: the structure and evolu-
tion of our Milky Way. The 5D information of
more than 1.3 billion stars (positions, parallaxes
and proper motions) with unprecedented accu-
racy along with stellar parameters become avail-
able for the first time with the release of Gaia DR2
catalog. Such a large amount of data is bringing
an evolutionary development to many aspects in
astrophysics such as stellar evolution, stellar at-
mosphere modelling, spectral synthesis and ga-

lactic archaeology. Here I explain the poster I pre-
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sented and report some highlighted topics that I
learned in the workshop about the estimation of
stellar parameters.

Stellar parameters are basic quantities that
characterize a star. They include the information
about how hot (effective temperature), how large
(radius), and how heavy (mass) a star is, togeth-
er with its composition (metallicity and chemical
abundance ratios). It is essential to determine
these parameters using algorisms that can be easi-
ly applied to large data sets, e.g., the catalogs from
the Gaia mission.

The main focus of my poster was calibrating the
effective temperature T.¢ using the depth-ratios of
atomic lines (LDRs) in 0.97-1.32 ym. LDRs are
very sensitive to effective temperature because the
atomic lines react differently to temperature vari-
ation, depending on their excitation potential.
However, LDRs are also affected by metallicity
and surface gravity. As the amount of infrared
spectroscopic observation increases, these effects
on infrared spectral lines need to be quantified for
precise estimation on the effective temperature.
The metallicity and gravity effects on LDR rela-

tions are detected and confirmed using WI-
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NERED spectra of around 200 stars. For the line
pairs with significant metallicity effect, LDRs of
high-metal stars tend to be closer to 1. For those
showing gravity effect, the LDR of dwarfs is larger
than that of giants or supergiants at a given tem-
perature. We found that line saturation and differ-
ences in the line ionization situation are the rea-
sons for metallicity and gravity effects, respectively.
Using the line pairs with the same element may
reduce these effects, but one may instead use the
parameter-dependent LDRs to provide con-
straints on these parameters.

I noticed a similar study on LDR by Sara Man-
cino when I was introducing my poster. She cali-
brated the LDR-T relation using the synthetic
spectra covering the temperature range of 4000 to
6000K. The effective temperature derived from
the LDR relations is over-estimated in T.4<
4500 K and under-estimated in T.>5500 K. This
trend is consistent with the result in our study
(Jian, Matsunaga & Fukue, 2019, MNRAS, 485,
1310]), but the bias of our relations is smaller.
This consistency may indicate that the line-pairs
suitable for temperature estimation is different in
the low- and hightemperature end. Stellar rota-
tion may also alter the LDRs. Though rotation
broadens the spectral line, as long as the broaden-
ing reduces the line depths by the same degree,
this effect is secondary compared to the metallici-
ty and gravity effects.

Estimation on stellar radius is better calibrated
by combining parallaxes measurement from Gaia
and precise brightness measurement from the Ke-
pler mission. The radius estimated using Gaia
DR1 data for subgiants (~1.5-3 solar radius) was
5% larger than that estimated from asteroseismology
method. This bias is independent of the distance

prior, reddening or the adopted temperature scales.

F113E HH

Later a similar test was done using Gaia DR2 data,
and the 5% offset is largely reduced, suggesting that
at least part of this offset is caused by an incomplete
understanding of the Gaia parallax systematics in
DRI. Using the Gaia DR2 data with a higher quality
compared with DR1, Andres Moya developed a
method on estimation of stellar masses and radii.
Dozens of relations between various stellar pa-
rameters (effective temperature, surface gravity,
metallicity, luminosity and density) determined
by Gaia and mass as well as radii determined
from asteroseismology method or from binary
star are calibrated. The relative accuracies and
precisions are less than 10%.

The power of the Gaia data is revealed by the
presentations in this workshop and the enormous
papers published since its data is available to the
community. This data, combining with those ob-
tained in the high-resolution spectroscopic sur-
veys, shed light on the chemodynamic history of
our Milky Way. Although there are a few spectro-
scopic surveys in progress, the coverage in wave-
length, especially in the wavelengths other than
optical, is far from sufficient. It is important to de-
velop methods for estimating stellar parameters
for spectrographs in the near-infrared, such as
that for WINERED. The observations in this
wavelength will provide important information
for the stars which are difficult to be observed in

the optical region, e.g., those located in the bulge.

BB EGO S BB Y, [GaaliE s &
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RE IO EA =Yk MBI 2 IR s EE L
ZHCIEEYPEEONE ] 1ICBT 2 KR % —35E
Xr2i7v, hosFEr b2 0EREITICE
WHER 2 L., gt TE, EEYHZAICHL T
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5th LOFAR data processing school 2018
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