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Shanghai Institute for 
Technical Physics (SITP)

• CAS Institute 

• Division 9: remote sensing (expertise in NIR 
instrumentation) to lead efforts 

• Strong partnership with SHAO and Lei Hao



Outline
• The state of the art in ELTs  

• + IRMS v MOSFIRE [5 min] 

• functional performance of IRMS   [15 min] 

• potentially juicy science topics     [10 min] 

• what’s next/conclusions 

• 15 min question/discussion



TMT

IRMS 
2’ x 1’ 

AO assisted 
0.9 - 2.5 µm 

R~3200+



ELT-CAM 
1’ x 1’ diffraction-limited 

0.9 - 2.5 µm 
R~10,000+

E-ELT



NIRMOS 
6.5’ x 6.5’ seeing limited 

0.9 - 2.5 µm 
R~3000 

Not first light 
GMACS?

Fabricant+ (2012)

GMT
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IRMS has heritage: 
MOSFIRE



Greg Mace (UT Austin) Kristin Kulas (Ames)

Ryan Trainor (CIT) Gwen Rudie (Carnegie)



IRMS





Bars in position

Bars need  
fine moves

Position repeatable to 
within 0.01” RMS (6 

µm).



IRMS will be a 
pleasure to use



Direct 	


Imaging

2’

Place 46 slits!
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Spectroscopy

2’ 46



A-B 	


Spectroscopy

2’



A-B 	


Spectroscopy

Hα @ z ∼ 2.3	


 6 min exposure

17



Reduced

Hα&[NII] @ z ∼ 2.3	


 1 hour exposure

23

mosfire.googlecode.com



But IRMS works behind AO



IRMS will be 
scientifically productive



Some unknowns

• Mauna Kea Explorer, PFS followup? 

• Astrometric power of IRMS, which takes 
disproportionate advantage of FWHM compared to 
MOSFIRE 

• Precision [spectro]photometry in crowded fields



Finkelstein+ (2013)



Transmission Spectroscopy 
of Extrasolar Planets

Crossfield+ (2013)



2 Belli et al.
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Fig. 1.— HST images and MOSFIRE spectra for a sample of six galaxies with detected absorption lines. For each object, the ID and
spectroscopic redshift are indicated; the 4 arcsec cutout shows the F160W image with a 10 kpc ruler; the observed spectrum (inverse-
variance smoothed, black line), its uncertainty (divided by 3, light blue), and the best-fit model (red line) are plotted. Absorption and
emission features are marked by gray dotted lines. For 4732, only ground-based data are available, and the cutout is from the UltraVISTA
H-band imaging (McCracken et al. 2012).

Belli+ (2014)



Steidel+ (2014)

KBSS-MOSFIRE 5

FIG. 2.— (Continued)

4 Steidel et al.

FIG. 2.— Portions of MOSFIRE H-band (left) and K-band (right) spectra for 10 of the KBSS galaxies listed in Tables 1 and 2. The flux-calibrated spectra are
presented unsmoothed, with their original pixel sampling, with the wavelength scale shifted to each galaxy’s rest frame. The best-fit line profiles are superposed
(blue), while the 1� error spectrum (red) is offset, but on the same flux scale, as its corresponding galaxy spectrum. The stacked two-dimensional spectra from
which the 1-d spectra were extracted are shown in grayscale, over the same range of rest-wavelength. Each reduced 2-D spectrogram exhibits a positive (central)
image and 2 flanking negative images due to the differencing of spatially dithered exposures (see section 2.2) that is part of the background subtraction procedure.



Emission line ratios are essential tools: 
BPT Diagrams

Kewley+ (2006)

Metalicity Sequence

Shock diagnosticMetallicity indicator Shock diagnostic



KBSS-MOSFIRE 11

FIG. 5.— “BPT” diagram for 126 objects with hzi = 2.34± 0.16 in the KBSS-MOSFIRE survey (large points with error bars) in comparison with the SDSS
(z ' 0) sample (e.g., Tremonti et al. 2004; locus of gray points). The 82 galaxies with measurements in both [NII]/H↵ and [OIII]H� are indicated with dark
green points, while an additional 43 galaxies with [OIII]/H� detections and upper limits (2�) for [NII]/H↵ are light triangles with left-pointing arrows. The red
curves trace the “metallicity sequence” of SDSS star-forming galaxies, showing the expected location of galaxies in the BPT plane for oxygen abundances of
0.2-1.0 solar – the solid curve is based on the calibration of Maiolino et al. (2008), while the dashed curve represents the same metallicity sequence implied by the
strong-line calibration of Kewley & Ellison (2008). Both curves have been adjusted to the N2 metallicity scale of PP04 for consistency. The blue solid curve is
the “maximum starburst” model of Kewley et al. (2001). The orange curve is the best-fit BPT sequence for the KBSS-MOSFIRE sample, with the yellow shaded
region tracing the inferred intrinsic dispersion of ±0.1 dex. Four objects among the 126 have been identified as AGN based on their rest-UV or rest-optical
spectra (see discussion in section 5); these are indicated with magenta “stars”.

intrinsic scatter, and is assumed to be a constant (i.e., indepen-
dent of the measurement errors). The value adopted for �sc is
that which yields �2/⌫ ⇡ 1; we find that �sc ⇡ 0.10 dex– re-
markably similar to the scatter observed in the SDSS galaxy
sample relative to the best-fit locus (which generally has neg-
ligible measurement errors by comparison). Figure 5 (light
shaded region) shows that the vast majority of data points
(as well as the points with upper limits on log ([NII]/H↵))
are consistent with a swath in which both log ([NII]/H↵) and
log ([OIII]/H�) vary by ±0.1 dex with respect to the best-fit
model in equation 7.

Formally, it is difficult to distinguish whether the shift in
the locus is primarily due to changes in [OIII]/H�, [NII]/H↵,

or both. The shift has implications, independent of its phys-
ical origin, for the use of strong-line nebular diagnostics be-
yond the local universe. As shown with red curves in Fig. 5,
the calibrations (or re-calibrations) of the strong line indices
imply a one-dimensional curve in the BPT plane, since galax-
ies of a given value of 12+log(O/H) map uniquely to values
of [NII]/H↵ and [OIII]/H�, with metallicity increasing to-
ward the “right” and “down” along the sequence. The red
curves superposed on the z ' 0 locus in the BPT plane trace
the expected metallicity sequence predicted by recently re-
calibrated strong-line indicators that make use of the same
line ratios as appear in the BPT diagram, for galaxies with
oxygen abundances from 0.2-1.0 times solar; the solid curve

MOSFIRE 
“BPT” Diagram





JWST/NIRSpec



IRMS Schedule

• Will begin “mini studies” in a few months 

• Priority will be adaptive optics 

• Input from the science team will be solicited



Come chat

• Come meet to discuss IRMS during lunch today!



Thank you


