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What is TEXES?
High spectral and spatial resolution, Mid-IR grating spectrograph (PI: John Lacy at UT Austin) 

• Operates between 4.5 and 20 microns 

• R = 80,000 (4 km/s) at 10 microns 

• 0.5% spectral coverage 

• R = 10,000 single order mode with same spectral coverage 

• pipeline data reduction program



TEXES on Gemini
Offered on Gemini North in 2013 and 
2014. 

• 0.25” spatial resolution at 10 
microns 

• Slit length 2” to 5” depending on 
cross dispersion 

• Observing modes: 

• Nodding (no chopping) 

• Stepped scans 

Has been on IRTF since 2000
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Figure 1 from Irons et al. 2012



TEXES compared to MICHI
• High resolution arm of MICHI 

• Imaging arm provide view of slit 

• both preserve spatial resolution of 
telescope 

• MIRAO provide very high Strehl for 
MICHI 

• MICHI will give larger spectral coverage in 
single setting 

• larger detector  

• ultimate wavelength coverage for MICHI 
still TBD 

• TEXES has observed from 4.5 microns 
to 25 microns

8 Barentine and Lacy

Fig. 8.— TEXES spectrum toward NGC 7538 IRS 9 centered near the 5 µm rotational lines of several isotopologues of CO. The data are
shown in the upper trace (solid line) and the relative atmospheric transmission in the lower trace (dot-dashed line) multiplied by a factor
of 10. Some line identifications are shown.

2004). The signature of an outflow in the spectra of CO
hints at possible excitation through shocks. We might
expect that OCS would be similarly excited but there is
no support for this in our data. This is contrasted with
the results of Evans et al. (1991), who detected gas-phase
OCS toward Orion IRc2; for reasons given in Section 5, it
is impossible to know whether this is due to temperature
di↵erences or real abundance variations between the IRS
9 and IRS 1.

3.7. HNCO

We looked for ⌫4 bending mode HNCO IL-0 P -branch
lines toward IRS 9 in the TEXES spectral setting that
included s(7,K) lines in the P branch of ammonia. None
of the three lines included in this setting (2  J  4)
was detected, although there may be HNCO Q-branch
absorption at 827.7 cm�1, obscured by telluric interfer-
ence. Given the strong observed ice absorption at 4.62
µm toward IRS 9 (Pendleton et al. 1999), now commonly
attributed to OCN�, and a lack of gas-phase HNCO ab-
sorption, it seems most likely that temperatures in the
outer envelope of IRS 9 are su�ciently low to prevent
OCN� desorbing from grains in detectable quantities.
Alternately, gas-phase OCN� might exist at H (or H2)
abundances insu�cient to result in considerable HNCO
production.

4. ANALYSIS AND MODELING

We fit synthetic spectra to the TEXES data to de-
rive excitation parameters and column densities for the
various molecular species observed. A two-step process

was devised in which rough estimates of the parameters
were made from “by eye” fits of synthetic spectra to our
data; these values were then used as the initial guesses
in our fitting program which iterates values of hundreds
parameters to achieve the best fit to the data by minimiz-
ing �

2. While our �2 code is robust in finding solutions
even when starting far from the global minimum, con-
vergence is achieved faster by using good initial guesses.
This approach was best suited to our method of spectral
analysis.

4.1. Simple Synthetic Spectrum Fitting

In order to get approximate parameters for the gas-
phase lines we observed, we first fit synthetic spectra to
the data using a fitting method commonly referred to
as “chi by eye.” This approach allowed us to get quick
initial estimates of parameters such as excitation temper-
ature and column density for the various molecules that
were used as inputs to a more sophisticated non-linear
least squares code to obtain optimal values of the param-
eters. The simple method also allowed us to determine
the number, width and velocities of line components.
The equivalent width of an optically-thin line is the

product of the line strength, ↵, and the column density,
N . We obtained values of ↵ for each molecular species
observed from the GEISA database1 of laboratory molec-
ular data (Jacquinet-Husson et al. 2005). The GEISA
coe�cients are specified for a fiducial temperature To =
296 K; we corrected them to an assumed temperature T

1 http://ether.ipsl.jussieu.fr/ether/pubipsl/geisa iasi raie frame 2003 uk.jsp



TEXES proposals on Gemini
• around 40 proposals (14 granted time) 

• 10 solar system (2) 
• 2 stars (0) 
• 6 ISM/Galactic Center (1) 
• 2 extragalactic (0) 
• 20 star formation (11) 

• occasionally challenging to find guide stars 
• Vast majority are related to star formation



Spitzer IRS Spectrum of a Typical T Tauri Star 

S/N ∼ 250	 [NeII], other atomic lines and molecular bands 

Carr & Najita (2008)



Continuum-subtracted T Tauri Star Spectrum

7/18/14 16Lines of water throughout 

Carr & Najita (2008)



NOAO Proposal Page 3 This box blank.

Figure 1: TEXES spectra of all disks observed by this team in Nov. 2013, utilizing the setup
proposed here. Dashed lines mark the theoretical location of three water vapor emission lines.
Velocity offsets from theoretical are due to Earth- and source-induced Doppler shifts. SNR’s on
the continuum are (from top to bottom) 18, 10, 11, 26 and 43. Note that HL Tau and T Tau N
have Herschel (Riviere-Marichalar et al. 2012) but not Spitzer-IRS water detections. Therefore, we
believe that our proposed targets (all with Spitzer-IRS water detections) are more likely to resemble
DR Tau, FZ Tau and RW Aur.

Figure 2: Water emission line profiles (magenta) obtained with TEXES (left) and Michelle (right),
compared to rovibrational CO emission (black) observed with CRIRES (left) and NIRSPEC (right).
The corresponding spectral resolutions are shown above. Note that the CO and water emission
lineshapes are similar, but that differences are apparent at R=100,000, suggesting different radial
emission extents for the CO and water lines.

Spectra of several H2O emission lines from 5 T Tauri 
disks.  All lines are resolved (Salyk et al, in prep)
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Figure 1: Left: Ratio of HCN to water emission strengths in Spitzer spectra of T Tauri stars
plotted against submillimeter disk mass. Red diamonds indicate “typical T Tauri stars”, i.e., those
with normal mid-infrared colors and no jet. The observed trend may be the result of planetesimal
formation (Najita et al. 2013). Right: Water (blue) and HCN (red) line emission from DR Tau,
spectrally resolved with TEXES on Gemini in 2013B. To compare the line profiles, the water line
profile is also shown scaled and overplotted on the HCN (dotted blue line). The similar line profiles
are consistent with the interpretation that the HCN and water emission studied with Spitzer arises
from the same region of the disk. In 2014B, we propose to determine if the same is true for other
T Tauri stars.
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First measurement of the line profile of mid-IR HCN emission from a 
T Tauri disk (red).  The line profile is similar to that of the mid-IR H2O 

emission from the same source (blue), indicating both HCN and 
H2O emission arise from similar disk radii (Najita et al., in prep)



Io in Eclipse: November 24, 2013
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Conclusion

• TEXES on Gemini emphasizes disk science 
• ability to do CO 1-0 with Si:As detector important 

given history of NIRES within TMT 
• Spatial resolution important 

• MIRAO better than TEXES/Gemini system 
• New questions


