
This project is funded by the NSF through grant This project is funded by the NSF through grant 
PHY0216783, and the Universities of JINA.PHY0216783, and the Universities of JINA. 

The Joint Institute for Nuclear Astrophysics

Development of the JINA Metal-Poor Star Elemental Abundance DatabaseDevelopment of the JINA Metal-Poor Star Elemental Abundance Database
Julie Krugler & Timothy C. Beers (Faculty Sponsor)Julie Krugler & Timothy C. Beers (Faculty Sponsor)

Abstract

Metal-poor stars are objects with overall abundances of their heavy elements, such as iron, that are less 
than 10% that of the Sun. The lowest metallicity stars approach deficiencies of almost 1/500,000 of the 
solar value, and are thought to have been born in the early Galaxy, shortly after the Big Bang. They 
provide our best contemporary probe of the chemistry of the early Universe, and highly constrain the 
origin of the elements. Given the large expansion of the dataset of metal-poor stars in recent years, there 
is a need to compare and contrast values obtained by from different researchers without an exhaustive 
literature search. This project continues the work of an REU summer project in which a database of 
parameters of metal-poor stars was initially developed. 

Currently there has been further development, as additional parameters have been added, as well as an 
expanded data set. This database, which is now sponsored by JINA, the Joint Institute for Nuclear 
Astrophysics, in which MSU is a partner, will be useful to those who wish to compare values of 
metallicity, elemental abundances, and additional stellar parameters that are required for the 
interpretation of the astrophysical origins of metal-poor stars and studies of galactic chemical evolution. 

Background

The oldest stars formed out of the primordial material produced by the Big Bang.  These 
materials included only hydrogen, helium, and trace amounts of lithium, meaning that the oldest 
stars were essentially metal-free.  These massive stars ended their lives in supernova outbursts, 
enriching the interstellar medium with metals they had created through nucleosynthesis in their 
cores, and metals that had been produced via explosion.  These stars are called Population III 
stars by astronomers. The gas which they polluted with their elements formed the next 
generations of stars, known as Population II stars; these are the sorts of objects that populate the 
metal-poor star database.  These Population II stars are considered to be “metal-poor” because 
their spectra reveal weak metallic lines. From these stars, one is able to infer details of the nature 
of the Population III stars and, in effect, conduct cosmology through stellar chemistry.

Resources

•Provides a web-based interface access to a large set of data from many sources without the need for 
an extensive literature search

•Specialists and non-specialists alike have access to data and the ability to screen for certain types of 
stars without needing to go find an expert

•Allows for the comparison of stellar parameters and chemical abundances through a web-based 
interface that is available to all

•The temperature scale, as well as other parameters, such as the adopted reference solar abundances,  
can be varied with a corresponding change in the listed elemental abundances

Development

•Database is still being populated, the expected total numbers of stars will be on the order 
of 2500.  Thus far, it includes:

•20 papers

•447 stars

•Links to all web-available references

•Parameters included are

•Iron to Hydrogen ratio ([Fe/H])

•Effective temperature (Teff)

•Surface gravity (log g)

•Carbon to iron ratio ([C/Fe])

•Abundances of s-process and r-process elements such as Ba and Eu, as well as many 
other abundances.

•Allows the user to search by parameter and select which entries to display

•A text file of the database can be downloaded from the site

The web based interface allows for users to select only a portion of the database to display.  In this 
case, the user selected all stars of the database with [Fe/H] = -2.5. 

Displayed below are the results of the query.  Note that values of -9.99 are missing values (the element was 
not measured by the study referenced).  There are many more elements measured per star not displayed.

Summary

The ability to access data easily is essential to the creation of this database. This aims to remove the 
need for lengthy literature searches and the need for an expert to compile information of interesting 
stars that a scientist in a related field might study.

The idea of gathering data together is not a new one.  There are many incarnations of databases 
throughout all of science.  What sets this database apart is the uniqueness of its dataset and what it 
aims to do: provide a way to compare stellar parameters and chemical abundances of the metal-poor 
stars that will be used to reveal details of the evolution of the elements in the Universe.

Sub-populations of the database

Beyond being indicators of age, metal-poor stars form the basis for some of the most interesting 
science coming out of astrophysics today.  Included in this database are stars that exhibit significant 
carbon, r-process, and s-process enhancements, relative to the solar values, of these ratios.  The 
chemical signature of these stars hold the history of the very first stars from which these were 
created.  Barium serves as an indicator of s-process enhancement and europium of r-process.  

This database currently gives the user the ability to select for these effects and to use this data to 
further the nuclear astrophysics research that is being conducted at MSU and worldwide.

Below are shown the distributions of the metallicities of the stars, s-process enhancement, r-process 
enhancement and carbon enhancement in the present database.
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