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Introduction: Observations with the Spitzer and 

Hubble Space Telescopes (HST) have revolutionized 
the field of exoplanet characterization with an extraor-
dinary series of observations.  These results include the 
first detection of infrared emission from an exoplanet 
[1], [2], the first detection of day and night on an 
exoplanet [3], the first emission spectrum of an 
exoplanet [4], [5], the measurement of an orbital light 
curve [6], the detection of an atmospheric temperature 
inversion [7], the detection of H2O in an exoplanet 
atmosphere [8], and the measurement of the dayside 
temperature of a hot-Neptune [9].  Spitzer observations 
have profoundly changed the way we understand 
exoplanets by allowing us to ask detailed questions 
about the nature of their atmospheres.  For example, 
what is the vertical and longitudinal temperature struc-
ture and how is heat redistributed from the dayside to 
the nightside? What is the critical status of water on 
extrasolar planetary bodies and how would thermal 
structure and heat flow affect fluid behavior on these 
planets? A limited number of repeated exoplanet 
measurements have now been made with Spitzer.  Sig-
nificantly, differences in the eclipse depth at ~ 2-3 s 
level have been reported [10], [11].  However, the 
most compelling evidence for variability is from recent 
Spitzer Infrared Spectrometer (IRS) measurements 
[12]; these data show an unambiguous, significant 
change in the dayside emission spectrum. 

Molecular Spectroscopy: Exoplanet molecular 
spectroscopy is now possible with sufficient precision 
to identify the presence and quantify the abundance of 
the primary oxygen and carbon-bearing molecules and 
constrain the dayside temperature-pressure profile. 
This opens up the possibility of envisioning exoplanets 
as real planetary bodies with atmospheric and geologi-
cal properties, actual places in the universe that we can 
begin to understand as possible astrobiological objects. 
Molecular spectroscopy of the transiting hot-Jupiter 
HD 189733b has been demonstrated with the detection 
of CH4 and H2O at the terminator during primary 
eclipse [13].  Recently, dayside CO2, H2O, and CO 
were found via secondary eclipse spectroscopy of HD 
189733b using HST [14]. The ability to determine the 
composition and thermal structure, and to reveal com-
position changes between the dayside and terminator 
regions, makes exoplanet molecular spectroscopy one 
of the most powerful methods available for character-
izing exoplanet atmospheres.  Fig. 1 illustrates several 
aspects of these methods. We plan to address the ques-
tions posed above, and investigate other important fea-

tures of exoplanets with a new project initiated at New 
Mexico Tech., with the support of NASA EPSCoR 
funding, to design and deploy a purpose-built, near-
infrared exoplanet spectrometer, NESSI (New Mexico 
Tech Extrasolar Spectroscopic Survey Instrument). 

 

 

 
Fig. 1:   Top: Significant spectral variability in 
HD189733b spectra taken 4.4 days apart by Spitzer 
IRS; significant variability based on these and previ-
ous observations was reported [12].  The figure shown 
here is based on the data reduction method used by 
our team [13], and our results support the findings in 
[12].  Bottom: A composite spectrum of the dayside 
emission from HD 189733b. Broad spectral coverage 
is needed to break the temperature-composition ambi-
guity in the interpretation of the spectra.  However, the 
presence of variability poses serious questions for at-
tempts to make a spectrum with broad wavelength cov-
erage from non-contemporaneous data.  This collective 
result contains data from several groups [5], [7], [9], 
[11], and [14]. 
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Project Implementation: Specific design and sci-
entific objectives behind NESSI have been developed 
[15]. This instrument is being designed and deployed 
by a collaborative of scientists and engineers at New 
Mexico Tech (NMT), the Magdalena Ridge Observa-
tory (MRO) and NASA's Jet Propulsion Lab (JPL), 
and is scheduled for first light in late 2010 at the MRO 
2.4m telescope.  Optimization of the instrument to 
achieve 0.01% relative accuracies in spectra of 
exoplanetary molecular constituents requires careful 
attention to certain design features and a new technical 
approach. An overview of NESSI's design reveals four 
major subassemblies:  1) a field derotator, 2) a reimag-
ing module, 3) an optical guiding module, and 4) a 
multi-object spectrograph subassembly. Leveraging off 
the instrument development and measurement activi-
ties, our science program is specifically designed to 
build the community of exoplanet researchers and stu-
dents in New Mexico.  Additionally, we are develop-
ing a planetary and astrobiology NESSI Tiger Team 
(NT2) to help interpret future results in terms of poten-
tial planetary habitats.  The financial support of our 
team and NESSI itself have been made possible by a 
NM NASA EPSCoR grant, matching funds from the 
NMT administration, and internal support for the 
NESSI hardware from Dr. Van Romero, NMT's Re-
search Vice-President. 
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