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HIRMES Cheatsheet 
 

SOFIA’s HIgh-Resolution Mid-infrarEd Spectrometer (HIRMES) combines direct-detection arrays (transition-edge sensor 

bolometers), grating-dispersive spectroscopy, and Fabry-Perot tunable narrow-band filters, for operation up to high 

resolution (R~100,000) over the 25 – 122 μm mid-infrared waveband. The driving science application is the evolution of 

protoplanetary systems via measurements of water-vapor, water-ice, deuterated hydrogen (HD), and neutral oxygen lines. 

However, HIRMES has been designed to be as flexible as possible to cover a wide range of science cases that fall within 

its phase-space. HIRMES has four primary observing modes: High Resolution (R~100,000), Mid-Resolution (R~10,000), 

Low-Resolution (R~600), and Spectral Imaging (R~2000) [see Table 1]. The optical path is shown in Figure 1. 
 

Table 1: HIRMES observing modes and instrument capabilities. 

Parameters High-Res Mid-Res Low-Res Spectral Imaging 

Sensitivity (5σ, 1hr) ≤ 1 x 10-17 W/m2 ~1 x 10-16 W/m2 

Resolving Power (R = λ/δλ) 50,000 – 100,000 ~12,000 325 – 635 ~2,000 

Angular Resolution Diffraction Limited 

Slit Size / FOV (arcsec) Length: 139.5''; Width: 8.7'', 6.1'', 4.2'' & 3.0'' 113.0'' x 106.8'' 

Spectral Range 25 – 122 μm Selected linesa 

Simultaneous Spectral Coverage (δλ/λ) λ/R 0.1λ 0.001λ 

Detector Format 8 x 16 pixb 16 x 64 arrayc 

Detector Type Transition Edge Sensor (TES) 

aSingle wavelength setting for selected filters (51.8 μm, 88.3 μm [OIII], 57.3 μm [NIII], 121.9 μm [NII]) 

bHigh resolution detector consists of eight 16 pixel linear arrays; whose pixel size increases per array. Shorter 

wavelength light is positioned onto the smaller pixel arrays, longer wavelength light onto the larger pixel arrays. 

cSpectral Imaging uses only a 16 x 16 pixel section of the 2D array. 

 

 
Figure 1: A cartoon of HIRMES’s optical path. Configurable elements are shown written on top, in bold.  
 

As the instrument is still being built, full characterization and calibration of the various components has yet to be completed. 

As such, any instrument sensitivities or capabilities presented here are those from the time of Instrument Proposal 

Acceptance (July 2016). In particular, Figure 3 visualizes the estimates of Minimum Detectable Line Fluxes (MDLFs) for 

the various observing modes, however, these should definitely be taken as preliminary values. This document (or one like 

it) will be updated accordingly as the instrument goes through integration, testing and commissioning (Fall 2019). This 

document is to serve as a starting point, and any questions are welcome to be directed to the SOFIA HIRMES Instrument 

Scientist, whose contact is in the header. One should be able to extrapolate an estimate of the total time on-source for a 

given flux from Figure 3, and later apply atmospheric transmission factors. HIRMES is a complex instrument with many 

configurable elements, however, the combination selection for various modes will be automatic, based on the desired 

science. One only needs to select; central wavelength, delta wavelength, number of steps, and one of the four modes. If 

instrumental resolution is desired, then one only needs to specify the wavelength range and the mode. Anything more 

complex can be discussed with the SOFIA HIRMES Instrument Scientist. 
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The four different modes of HIRMES are built by combining multiple configurable elements. With reference to Figure 2 

& Figure 4, these can be briefly summarized as: 

 

Low-Resolution Spectroscopy 

The light first passes through a bandpass filter, then a slit, then 

a reflective grating. The spectrum is under-sampled by the 16 x 

64 pixel detector, producing a resolution of R~330-630 (see 

Figure 5), and instantaneous bandwidths of 5-15 μm, depending 

on the wavelength. It would take 9 different wavelength settings 

to obtain the full 25-122 μm spectral range in this mode. 

 

Mid-Resolution Spectroscopy 

This mode keeps the configuration of the Low-Resolution 

grating mode, however inserts a Mid-Resolution Fabry-Perot 

Interferometer (FPI) into the optical path.  The effect of this is a 

narrow, sharp wavelength peak that is greatly under-sampled in 

one of the pixels of the 16 x 64 pixel array. The FPI is stepped 
through one free spectral range (in roughly 10-50 steps 

depending on wavelength and desired spectral sampling) to 

produce a spectrum over the full instantaneous spectral 

coverage of the Low-Resolution grating mode.  

 

High-Resolution Spectroscopy 

Going one step further to the Mid-Resolution mode, an 

additional High-Resolution FPI is inserted into the optical path, 

and the central wavelength is centered onto the appropriate 

column of the eight 16-pixel linear arrays of the High-

Resolution detector (which linear array depends on wavelength; 

array pixel size is proportional to wavelength). That means there 

is only a single pixel in the spectral dimension, which is closely 

matched to the PSF. However, due to the radially dispersive 

nature of FPIs, stepping spatially up and down the slit also 

results in a slight wavelength shift (~ 1-5 km/s depending on 

wavelength). Combining this feature with stepping the FPIs by 

discrete steps, results in the spectral sampling of desired 

wavelength range (typically a single spectral line). Figure 2 

visualizes the product of the FPIs working together with the 

grating to produce a High-Resolution line spectrum.  

 

Spectral Imaging 

This mode changes the configuration completely by switching 

out the initial bandpass filter with a narrow-band filter on the 

same filter wheel. This narrow-band filter is actually a 

combination of a fixed-separation Fabry-Perot interferometer, 

and its own wider bandpass filter, both of which are tailored for 

specific spectral lines. The other configurable elements used in 

optical path are a Low-Resolution FPI, a square image-stop 

instead of a slit, and a mirror instead of the grating. The 2D 

image is then placed on one side of the 16 x 64 pixel array, to 

produce a 16 x 16 pixel spectral image, whose wavelength is 

marginally variable over the image, due to the radially 

dispersive nature of the FPI.  
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PROPRIETARY INFORMATION 
Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal.

Hi g h  Re s o l u t i o n  M i d - i n f r a r Ed  Sp e c t r o m e t e r

shows the chain of filtration leading to the very high 
spectral purity expected with HIRMES.

Achieving High Resolving Power
Aperture Ef ects: Off-axis rays entering the FPI cav-

ity follow a different resonant path than on-axis rays. 
T is sets a maximum RP achievable with the FPI giv-
en by RPmax = 2π (AFPI/Aprimary)/Wprimary

, where AFPI is 
the area of the FPI etalon illuminated by a collimated 
beam, Aprimary is the area of the primary telescope, and 
Wprimary is the solid angle of the primary beam on the 
sky. A larger collimated beam through the FPI enables 
a greater RP.

Walk-of  Ef ects: Except for the central ray, all rays 
from a beam enter the cavity at an angle and “walk” 
across the etalon due to multiple bounces off the cavity 
mirrors. HIRMES etalon mirrors are therefore over-
sized to minimize losses due to walk-off.

FPI Transmission: FPI efficiency is determined by 
the absorption in the reflector and mean number of 
reflections in the cavity (“finesse”) (Figure E-11). T ese 
parameters have been measured experimentally for the 
HIRMES grid reflectors, and for the design values of 
finesse of 40-50, the expected transmission is >70%.
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Beam and Etalon Diameters: High-res FPI – For optimal sensitivity HIRMES spatially scans point 
sources ±2 to 3 l/D beams across the grating slit. T e need for high throughput when spatially scan-
ning in the presence of aperture effects and walk-off drives the size of the collimated beam and high-
res etalon diameter. To achieve a R ~ 105 at 112 mm requires an 80-mm diameter collimated beam to 
ensure that the spectral profile is not significantly degraded, and a high-res etalon diameter of 100 mm, 
to ensure the transmission is not significantly degraded by walk-off (Figure E-12 A). Since the angles are 
smaller for l/D pixels at shorter wavelengths, the walk-off effect is smaller, and HIRMES reduces the 
aperture to 90 mm for the 63 mm and 35 mm FPIs, saving space within the cryostat (Figure E-12B).

Mid-res FPI: T e resolving power of the mid-res FPI is 8 times smaller than the high-res FPI, so walk-
off losses are much smaller. A 90 mm etalon diameter is sufficient for the 80 mm collimated beam.

Figure E-10: Top to bottom: transmission of high-res FPI, 
mid-res-FPI, grating, and their product. The product is 
very spectrally pure.
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Figure E-11: Transmission of an FPI as a function of the single-pass 
absorption coef cient a = 1-t-r of a single mesh. HIRMES uses 
Buckbee-Mears meshes with absorption of 0.01, and the lower 
f nesse cavities result in substantially higher transmission.

Figure 2: A visualization of how the grating (C), the Mid-

Res FPI (B), and the High-Res FPI (A) combine to result in 

the High-Resolution spectral product (D). 
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Figure 3: Visual representation of minimum detectable line fluxes for the different modes, assuming no atmosphere. 

Note that the Spectral Imaging mode cannot cover the entire wavelength range, only the discrete wavelengths, shown 

by square line-markers. 

 

                
 

Figure 4: Visual representation of the various configurable elements shown in Figure 1. How these actually combine 

depends on the central wavelength and desired resolution. Additionally, there are “open” positions for all elements. 
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Figure 5: Resolution as a function of wavelength for the Low-Resolution grating mode. Note that it would take 9 

different wavelength settings to obtain the full 25-122 μm spectral range in this mode (3 for each grating).  
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