
RESEARCH POSTER PRESENTATION TEMPLATE © 2019

www.PosterPresentations.com

Reliable stellar abundances of individual stars with the MUSE integral-field spectrograph
Zixian Wang (Purmortal), Michael Hayden, Sanjib Sharma, Joss Bland-Hawthorn, Maosheng Xiang, Yuan-Sen Ting

Sydney Institute for Astronomy, School of Physics, A28, The University of Sydney, NSW, 2006, Australia

Introduction

We present a novel approach to determine stellar 
parameters from stars observed in MUSE fields (dense 
and sparse) making use of data-driven machine learning 
methods DD-Payne.
Taking advantage of the comparable spectral properties 
(resolution, wavelength coverage) of the LAMOST and 
MUSE instruments, we adapt the Data-Driven Payne 
model used on LAMOST observations and apply it to 
stars observed in MUSE fields.
MUSE is unique in its ability to study dense star fields 
such as globular clusters or the Milky Way bulge, and our 
methods allow automated determination for all stars in a 
given field. (A figure is shown below)
We proved that stellar labels from both stars in sparse 
and dense regions are consistent with previous studies. 
Our methods will also enable MUSE, in combination with 
adaptive optics to provide instrument construction 
guidance for future ELT telescope.

Method & Steps

Verification

We derive stellar labels of common stars in MUSE 
published data-cubes and LAMOST DR5 from DD-Payne 
models. Then we compare their stellar label differences in 
the plot below (27 stars after S/N cut-off). 
This figure shows that our method can derive the 
precision of Teff less than ~70K, log(g) ~ 0.15 dex and 
[Fe/H], [Mg/Fe], [Si/Fe], [Ca/Fe] and [Ti/Fe] ~ 0.1 dex, 
which indicates results from MUSE and LAMOST spectra 
are consistent.

Dense Region Stars

For dense regions, we selected 29 galactic bulge data-
cube from MUSE (0101.B-0381(A), PI: Zoccali) covering 
nine fields that are less than 3 degrees to the galactic 
center. Then we follow the steps to derive stellar labels.
After distance estimation using BSTEP and selection 
criteria cut-off, we plotted the [Mg/Fe]-[Fe/H] distribution 
of the bulge (Rgc<3.5 kpc) and field with 3<Rgc<5 kpc. We 
also plot the same figure from previous studies (Rojas et 
al., Hayden et al.). Caption: Distribution of inner disk stars (3<Rgc<5 kpc) in the nine 

MUSE bulge observations with a comparison of the same distance 
stars in Hayden et al. using APOGEE DR12. These two plots both 
show that at this radial zone there are a larger number of metal-rich 
and alpha-poor stars than metal-poor and alpha-rich stars. This also 
proves once again the accuracy of DD-Payne in obtaining stellar 
parameters from MUSE observations.
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Caption: Differences of stellar labels derived from MUSE spectra with 
those from LAMOST spectra using DD-Payne-G (trained from 
GALAH DR2, left column) and DD-Payne-A (trained from APOGEE 
DR14, right column) models as a function of [Fe/H] from MUSE 
spectra, respectively. All the stars in these plots have LAMOST 
spectra with SNR higher than 35 and all MUSE spectra have a larger 
SNR than LAMOST spectra. The mean value and uncertainty of all 
points in each subplot are marked in the upper left corner where the 
uncertainty is calculated by half the difference between 15.87 and 
84.13 percentile distribution.

Caption: [Mg/Fe]-[Fe/H] distribution of close-to-the-panel 101 stars in 
the galactic bulge of nine fields from MUSE data-cubes (top panel) 
with a comparison of the same plot from Rojas et al. using 1110 
APOGEE DR14 bulge stars. The MUSE stars are selected based on 
selection criteria and distance with Rgc<3.5 kpc. Stars in plot from 
Rojas et al. are selected by Rgc<3.5 kpc and |z|<0.5 kpc. The 
contour (black lines) and color map (cool-warm color) in these two 
plots are estimated by the Gaussian kernel function. These two plots 
are similar with two sequences and the same peaks, demonstrating 
the success of using DD-Payne in dense regions even with high 
extinction.

From both figures above in two regions, there are clear 
two sequences of stars in the distribution, which are 
consistent to the same plots from high-resolution surveys 
(APOGEE), even though our sample is small with less 
than 100 stars. Therefore, we can confirm that our 
method is applicable for both sparse region and dense 
region stars which can determine precise stellar 
parameters and abundances from MUSE observations.
This method provides us opportunities to research dense 
fields like globular cluster and the galactic bulge in terms 
of chemical abundances and reveal the chemical history 
of our galaxy.
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