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Abstract: The Mimir instrument operates on the Perkins telescope outside Flagstaff, Arizona. Mimir is a “facility-class” multi-function near-infrared imager, spectrometer, and polarimeter. It covers the wavelength range 1-5.5 um onto its 1024x1024 
Aladdin III InSb array detector. In its wide-field imaging mode, a 10x10 arcmin field is sampled at 0.6 arcsec per pixel. In its narrow-field mode, the field is 3x3 arcmin, sampled at 0.2 arcsec per pixel. A full complement of JHKsL’M’ broadband filters 
are present in its four filter wheels. Spectroscopy is accomplished using a matched slit-plate and selector system, three grisms, and special spectroscopy filters (for order suppression). Polarimetry is accomplished using rotating half-wave plates and a 
fixed wire grid. Mode switches are accomplished in a matter of only seconds, making Mimir exceedingly versatile. Mimir is being used to conduct the Galactic Plane Infrared Polarization Survey (GPIPS) and to support individual investigator science 
projects of scientists at Boston University, Lowell Observatory as well as visitors.

Mimir design and development has been funded by NASA, NSF, and the W.M. Keck Foundation. GPIPS is supported byt NSF under AST 06-07500.

Overview: Mimir is a multi-function instrument that covers a broad wavelength range. 
This allows users to perform complex studies while using a single instrument. 

The three main modes of Mimir are imaging, spectroscopy, and polarimetry. 
Mimir consists of a large vacuum cryostat that contains lenses, filters, motors, and a 

large format near-infrared array detector. The optics operate at 6-75K and the detector 
operates at 33.5 K, hence Mimir uses a helium-gas closed-cycle refrigeration system. This 
system operates continuously, both when Mimir is on the telescope and when it is not.

All slit, filter wheel, and camera plate scale adjustments are made from inside the 
vacuum volume using vacuum cryogenic stepper motors and gear systems.

Mimir has been operating on the Perkins telescope since fall 2004 and is available for 
collaborative and/or visitor use.

Imaging mode allows selecting either the wide-field f/5 
camera, with 0.6 arcsec per pixel over a 10x10 arcminute
field of view, or the narrower-field f/17 camera, with 0.18 
arcsec per pixel. Wide-field is used for mapping large areas 
and stellar surveys. Narrow-field is used for near-diffraction-
limited imaging. Switching between cameras is automatic 
and takes only a few minutes. The user has a selection of 
wide-band, and some narrow-band filters and other light 
analysis tools available in one POL wheel and three filter 
wheels (FW1-3), listed in the table below.

Above: Mimir being installed on the 1.83 m Perkins telescope

Mimir Web Site: http://people.bu.edu/clemens/mimir/index.html

The photo below shows the three grisms in their cells. From left, they are 
the low-dispersion SED (spectral energy distribution) grism, moderate-
dispersion LM (3-5 um) grism, and high-dispersion JHK (1-2.3 um) grism.

The slit mask is positioned to place one slit on the optical axis and the 
selector (or decker) car covering all but that slit. The right photo above 
shows the slit mask (black with lines) and the polished decker car above it.

Spectroscopy is achieved by selecting one of the three grisms in FW3, 
centering one focal plane slit and the selector slit on the optical axis, and 
using FW1 and FW2 to select order sorting filters.
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Left: Plot of Mimir lab measurements of raw pixel counts versus HWP angle (measured in stepper 
motor steps, of 0.675 degrees each) for one full cycle of HWP rotation for NIR light seen through HR 
type plastic polaroid material. The 4θ modulation is the expected polarization signal.

Right: Plot of Mimir+Perkins observations of the polarized standard stars (Whittet et al. 1992) Elias 25 
(4% polarized) and HD147648 (0.3% polarized), vs HWP position angle for one full HWP cycle.

Seventeen linear polarimetric standard stars from the Whittet et al. (1992) list were 
observed toward many (X,Y) locations across the Mimir detector array to determine 
positional effects on key instrumental properties. A total of 123 separate polarimetric 
data sets (each consisting of 32 images, one image for each of 32 HWP position angles) 
were analyzed. The chief findings are:

1. Polarization efficiency and polarimeter offset angle do not appear to vary significantly 
across the instrument FOV. The best fit values of these are:

1. Polarimetric Efficiency = 91.2±2.5%

2. Instrument offset angle = 33.7±0.8°

2. Instrumental Polarization is low, but exhibits some FOV variation.

1. PINST mean = 0.35±0.02%; PAINST mean = 4.8±2.0°

3. Correction of Mimir data with these values yields excellent agreement with 
standards.

Mimir measures the linear polarization of infrared light using a rotating zero-
order half-wave plate (HWP) and a fixed wire grid (WG), in addition to the usual 
imaging optics and bandpass filters.  Mimir’s first of four filter wheels can hold 
up to five rotating half-wave plates, allowing polarimetry across its entire 1-5 
μm wavelength range. One HWP for the H-band (1.6 um) and a broadband WG 
(1-10 um) are currently installed. The 10x10 arcmin wide field polarimetry 
capability makes Mimir a unique instrument for a wide range of studies.

Left: H-band HWP; MgF2 plates manufactured by NovaPhase. 

Right: HWP in geared, rotating cell.

Left: Wire grid, manufactured by Molectron. 

Right: Wire grid, in non-rotating filter cell.

Polarimetric Calibration of Mimir consisted of the following:

1. Demonstration of Polarization sensitivity in the lab, using NIR polaroid material

2. Demonstration of Polarization sensitivity on the sky, using known standard stars

3. Mapping Polarization standard stars across the Mimir FOV to ascertain positional 
dependence of instrumental effects, especially instrumental polarization and 
polarization efficiency

Below, Left: Comparison of corrected Mimir linear percentage polarization versus Whittet et al. 
(1992) values for standard star observation.

Below, right: Same comparison for polarization position angles.
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Above: Filter bay, with four 
populated filter wheels (POL 
wheel at left, FW1-3 t right).

Left: Cut 
away drawing 
of Mimir, with 
callouts of 
major 
components.

Mimir Optical Configuration in f/5 mode

Above: L-band stellar 
image in F/17 mode 
shows both 0.4 arcsec
FWHM and an Airy ring!

Left: Table of HPW, 
filters, grisms, wire-grid, 
and other light analyis
components in the 
POL+FW1-3 wheels

Left: Example Mimir 
spectrum for epsilon Aur
across the HKL’ bands, 
with R~600.

Above: Combined image showing one 10x10 arcmin Mimir 
field of view with deep-coadded H-band photometric image 
(grayscale), blue contours showing integrated 13CO line 
intensity from Galactic Ring Survey (Jackson et al. 2006), and 
red polarization vectors for ~100 stars measured by Mimir 
(Clemens et al. 2007).
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