
Figure 2: The 
nine fields (red 
boxes) and 
polarization 
measurements 
compiled by 
Heiles (2000).  
Each box 
corresponds to 
one Mimir 
field-of-view 
and is not to 
scale.

Figure 1: Linear polarization measurements compiled by Heiles (2000).  Red dots at l=150°
correspond to targets.  The length of each line corresponds to the percent of polarization 

and the angle of the line is the position angle.

Abstract: What are the properties of the Galactic magnetic field in the Outer Milky Way?  What is the degree of uniformity of magnetic field structure 
with distance away from the Galactic disk midplane?  Observations designed to answer these questions would also test models of the formation and 
maintenance of the Galactic magnetic field.  A limited outer Galaxy survey was designed to examine nine 10’x10’ fields centered on L=150° and 
extending above and below the galactic plane at B= ±10°, ± 5°, ±2.5°, ±1.25° and 0°.  The survey uses the Mimir near-infrared imager-polarimeter 
on the 1.8m Perkins telescope outside Flagstaff, AZ in wide-field polarimetry mode.  These maps reveal magnetically aligned anisotropic dust grain 
polarizations which trace the direction of the magnetic field projected onto the plane of the sky.  An initial observing run with short exposures in 2007 
October measured the polarizations for all stars in the nine fields down to H=12.  A second observing run with deeper exposures in 2007 December 
traces polarizations for stars to H=14.  This two-tier observing plan extends the brightness range of measured polarizations, and so probes a larger 
range of line of sight distances.
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(Left) Mimir is a near-infrared 
instrument on the Perkins 
Telescope that performs 
imaging, spectroscopy, and 
polarimetry (Clemens et al. 
2007). Mimir offers a wide-field 
mode, with a 10x10 arcmin field 
of view onto 0.6” pixels, and a 
narrow-field mode, with a 3x3 
arcmin field of view onto 0.18”
pixels. The measured polarimetric 
efficiency is  91.2±2.5%, and the 
instrumental polarization is 
0.35±0.02%.
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Observations and Preliminary Analysis: This project used 
the 1.8 meter Perkins telescope and the near-infrared Mimir 
instrument to sample the H-band polarization of stars in nine 10′ x 
10′ fields with galactic coordinates L=150° and B=±10°, ±5°, ±2.5°, 
±1.25°, 0° (see Figure 1, Figure 2, and the stack of short exposure 
images at far right) to characterize how polarization changes with 
distance off the galactic plane.  

As shown in Figure 2, no prior polarization measurements have been 
made in these fields.  

Based on the density of 2MASS targets, going to H=14 will yield at 
least 64 measurable targets in all fields (and 135 in the most 
populated field).  In order to obtain sufficient precision in the 
polarization measurements (< 0. 3% uncertainty), each image must
be integrated for 15 seconds (“long” polarimetric observations) .  
With six dither positions and seventeen HWP angles per rotation, this 
takes 25. 5 minutes of integration per target. Integrations of this 
length causes bright stars to saturate, so the fields were also imaged 
at 1.5 seconds each (“short” polarimetric observations) to obtain 
polarization measurements for stars as bright as H=7. The short 
images were averaged at each latitude zone to produce the images at 
far right. 

From the short observations, U and Q Stokes parameters were 
calculated for the non-coadded images for the central field (#5) and 
the percent polarization and position angle of each star determined.  
Astrometric positions were measured and compared with the 2MASS 
point source catalog. 

Introduction: The magnetic field direction in the plane of the 
sky is traced via the effects of magnetically aligned anisotropic dust 
grains.    The Galactic Plane Infrared Polarization Survey (GPIPS), is 
currently probing the nature of the Galactic magnetic field in the 
inner Milky Way; however, the structure of the outer Milky Way 
remains largely unexplored.  In particular, the degree of uniformity 
of magnetic field structure away from the galactic disk needs to be 
evaluated in order to test models of the formation and maintenance 
of the galactic magnetic field.

Upcoming Analyses and Application: These new Mimir 
observations will probe 2-10 times deeper than the optical data 
compiled by Heiles. The Mimir polarimetry will go a long way to 
revealing the magnetic field scale height to distances unobtainable so 
far in these directions and so will probe to larger Z-direction 
distances.

Multi-object spectroscopy will be necessary to obtain spectral 
classification information for the stars in these fields to determine 
distances. These targets also overlap with completed SDSS SEGUE 
fields, thus providing Sloan Filter Band magnitudes. With this 
information, the three-dimensional structure of the outer galactic 
magnetic field can be determined, permitting determination of a the 
magnetic field Z-direction scale height. This scale height value will 
help constrain models of the galactic dynamo and the generation and 
maintenance of the galactic magnetic field.

(Right) Preliminary polarimetric
analysis of short exposure 
images of the central (B=0) 
field.

(Bottom Left) Run of polarization 
position angle with percentage 
polarization for the preliminary 
polarization stars.

(Bottom Center) Run of 2MASS J 
mag vs (J-H) color for the 
polarization stars.

(Bottom Right) Run of 2MASS J 
mag vs (J-H) color for all stars in 
the B=0 field.


