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1M + APOGEE 

The NMSU 1m telescope has been fitted with 10 fibers 
feeding to the SDSS III APOGEE spectrograph. This exciting 
capability allows for observations of single targets using a 
powerful, high-resolution, NIR spectrograph on a 1m 
telescope. The fibers run about 50 m from the NMSU 1m to 
the APOGEE port at the Sloan 2.5m telescope. 

 

 
 

 

 

 

 
 

 

 

 

 

 

The age-metallicity relation for our current sample of nearby 
giants. There is a trend in metallicity with age even for stars in the 
solar neighborhood. 
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FUTURE WORK 

We plan to refine our age determination method by exploring a Bayesian 
approach. Observations for this project are ongoing and will continue into 
SDSS IV. We will also include kinematic information in our future analysis. 

REDUCTION AND ANALYSIS 

Since the targets are observed 
using the APOGEE spectrograph, 
the spectra can be reduced using 
the existing APOGEE software, see 
APOGEE Data Reduction Pipeline 
poster (440.04). Unfortunately, the 
linear configuration of the 1m fibers 
does not allow for simultaneous 
observ ing o f te l lu r i c s ta rs . 
Therefore the removal of telluric 
absorption features must be treated 
differently. Telluric removal is done 
through an iterative fitting of 
terrestrial atmospheric models. As 
there are 10 fibers on the 1m, most 
of those fibers view the sky and the 
sky emission removal is the same 
as for the main survey. These 
spectra are analyzed with the 
APOGEE Stellar Parameters and 
Chemical Abundances Pipeline, 
see the ASPCAP poster (440.07). 

PROJECT DESCRIPTION  

Detailed chemical abundances of 
large samples of stars throughout 
the Milky Way are crucial to 
constraining Galactic evolution 
mechanisms. Absolute calibration 
of traditionally used chemical 
clocks is needed to determine the 
timescale of this evolution. We are 
obtaining high-resolution, NIR 
spectra of nearby giants with 
accurate Hipparcos paral lax 
measu remen ts i n o rde r t o 
constrain their ages. The spectra 
are taken with the NMSU 1m 
telescope and the SDSS III 
APOGEE spectrograph. Our full 
sample of possible targets contains 
over 3500 giants with parallax 
errors <10% and J-K color cut of 
0.5. Here we present an initial age-
metallicity relation from over 600 
giants in the solar neighborhood. 

MASS AND AGE  DETERMINATION 

The known distances were used to calculate the luminosities which, combined 
with the measured temperatures and surface gravities, yield masses. We then 
used isochrone matching to PARSEC isochrones (Bressan+ 2012, MNRAS, 
427, 1) to estimate the stellar ages. The probability that an isochrone point 
matches the spectroscopically derived parameters for each star is: 

 

 

 

 

 

 

We weight the probability of each isochrone point by the number of stars at 
that isochrone point and sum the probabilities in each age bin. Since the age 
bins are evenly spaced in log(age), the bins are then weighted by the size of 
the bin in linear age space. The age is then taken to be the age-weighted 
average of the PDF. 

     log(age) 

Left: Apache Point Observatory (apo.nmsu.edu) with the Sloan 2.5m telescope 
in the lower center and the NMSU 1m above it. Right: The pickoff mirror in the 
focal plane of one of the NMSU 1m ports. The small holes with fibers that 
lead to the APOGEE spectra can be seen near the middle of the mirror.  

Figure 6: Left: Apache Point Observatory. The SDSS telescope is at the bottom, and the
APOGEE spectrograph is located in the building at lower right. The NMSU 1m telescope is
the small dome in the middle of the picture. Right: the pickoff mirror in the focal plane of
one of the NMSU 1m ports. The small holes with fibers that lead to the APOGEE spectra
can be seen near the middle of the mirror.

for complete coverage of all regions in the Galaxy, and a total sample of several hundred
thousand stars.

Mészáros et al. (2013) investigate the accuracy of the APOGEE stellar parameters based
on analysis of stars in clusters and in the Kepler field. While a systematic offset in surface
gravity appears to be present, these data suggest that it can be calibrated, and after cali-
bration, Mészáros et al. (2013) find that the scatter in derived surface gravity is less than
0.2 dex; for a sample of stars in the Kepler field, the scatter is only 0.12 in log g !

Figure 5 demonstrates the power of the APOGEE survey, showing the mean metallicity as
a function of location in the Galaxy (Galactocentric radius and distance from the midplane).
The derived metallicity gradients provide a strong constraint on models, and additional
information about the shape of the metallicity distribution function and detailed abundance
ratios of multiple elements will yield many more clues.

A recent instrumentation development enables such observations.

5 The NMSU 1m + APOGEE

However, the multiplexing capability of SDSS-APOGEE, while enabling the study of a large
sample, makes it difficult to observe significant samples of nearby stars, which are spread
around the entire sky; such stars are also much brighter than the bulk of the SDSS-APOGEE
sample, further complicating observations. As a result, SDSS-APOGEE will not observe
solar neighborhood giants with Hipparcos distances.

Using joint NMSU and SDSS funding, the New Mexico State University (NMSU) 1m
telescope has been fitted with ten fibers that feed into the APOGEE spectrograph, about
100 m away (see Figure 6). This allows for observations of single objects (since the position
of the 10 fibers is fixed in the focal plane, in general only one object, with 9 sky fibers, can
be observed) with the APOGEE spectrograph, when not in use by the Sloan 2.5m, using the
1m telescope. This facility has opened the opportunity for new science programs to observe
bright objects using a powerful IR spectrograph coupled to 1m telescope.
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Stellar Masses and Ages

Masses and ages can be well constrained for evolved stars with known distances and atmospheric parameters
through isochrone matching. For this sample of stars, stellar masses (M) were calculated using the K-band magni-
tudes (Kmag) and Hipparcos distance measurements (d), along with atmospheric parameters derived by ASPCAP,
using the following equations. First the absolute magnitude of the star was calculated:

MK = �5 log(d) + 5�AK + Kmag (1)

where MK is the absolute magnitude in the K-band and AK is the K-band extinction. To calculate the luminosity,
we need a conversion to bolometric magnitude. I used the Padova isochrones to find a bolometric correction to the
K-band magnitude as a function of temperature. The luminosity (L⇤) is then:
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where L� is the luminosity of the sun and MBol,� is the bolometric magnitude of the sun. Using the e�ective
temperaure (Teff ) and the luminosity of the star, one can calculate the stellar radius (R).
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where ⇤ is the Stefan-Boltzmann constant. From the stellar radius and the ASPCAP surface gravity (g) the mass
can be determined.
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where G is the gravitational constant. The errors in our mass calculations are about 15%.
Ages (⌅) were computed by comparing mass, metallicity ([M/H]), temperature, and surface gravtiy to Padova

isochrones and calculating a probability distribution function. Assuming Gaussian errors in our stellar parameters
(⇤[M/H], ⇤T

eff

, ⇤log(g)), the probability that a given isochrone point matches the observed parameters of the star is
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Since the isochrones are not uniformly gridded in parameter space, we must account for the number of stars at each
isochrone point by weighting the probability by the initial mass function (IMF, �(m)). The probability distribution
function is

dP (⌅) =
X

��

p(Teff , [M/H], log(g), M)⇥ �(m) (8)

for uniform bins in log(⌅). In order to avoid any bias towards younger ages, we then weighted each age bin by its
fraction of the total age range.
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