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Abstract: As a group of stars at a known distance without intrinsic polarization, open clusters are expected to serve as excellent probes of the 3D distribution of the Galactic magnetic field. 
We present a preliminary study of twelve optically-selected open clusters in the second and third Galactic quadrants as a pathfinder for a larger study in the GPIPS (Galactic Plane Infrared 
Polarization Survey) first quadrant region. H-band (1.6 microns) linear polarimetry data were acquired using the Mimir near-infrared instrument on the 1.8m Perkins Telescope located 
outside Flagstaff, Arizona. The clusters were selected to represent the large range in distance (850 – 5800 pc) and reddening (E(B-V)= 0.1 - 0.7 mag) expected for lines of sight in the GPIPS 
region. We present polarimetric, and hence magnetic field, results toward individual clusters as well as results for the open cluster sample in its entirety.
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The 12 clusters were chosen to represent a range in distances and reddening.  They are all outer 
galaxy open clusters.  Figures 1 and 2 show the cluster distribution in galactic coordinates and as seen 
from the North Galactic Pole, respectively.

By determining the linear polarization towards these clusters, we intend to determine 3D galactic 
magnetic field topology by correlating polarization strength and angles with reddening, distance, and 
galactic longitude and latitude.

5 of the 12 clusters have obvious 
red clumps in their color-magnitude 
diagrams.  This is currently our best 
way of determining cluster membership 
for individual stars. Additionally, red 
clumps allow for an independent 
distance determination.  

2. Membership via the Red Clump

Why Use Clusters? – Clusters provide a sample of stars that all have the same reddening, distance, 
and local environment.  They make great probes of the interstellar medium.

Why Study Magnetic Fields? – Magnetic fields are an omnipresent, but mostly unknown, 
component of the Milky Way.  Understanding the Galactic magnetic field is fundamental to 
understanding the structure and evolution of the Galaxy.

Why Infrared Polarimetry? – Even though the polarmetric signal is generally smaller in NIR 
than visible, the ability of infrared wavelengths to sample higher reddenings provides more depth 
into the galactic plane.  50% of the Heiles (2000) compilation stars are closer than 1kpc, 11 of 
the 12 clusters studied here are beyond this horizon.

What Key Questions can be Addressed? 
What is the 3D topology of the Galactic magnetic field?
What is the magnetic field signature of spiral arms?

How do cluster polarizations correlate with distance? reddening? latitude/longitude?
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Figure 9 compares the polarization 
of the 5 clusters (red stars) to a 
subset of the Fosalba et al. analysis 
(diamonds).  The H-band 
polarimetry of these clusters 
follows the large scale pattern 
of optical starlight polarization.

Again following the Fosalba et al. 
analysis, Figure 10 shows that the 
fractional Stokes q (i.e. Q/P) of 
these clusters does not follow the 
pattern in the Heiles compilation.  
For reference, q=0 indicates a 
random distribution, q=-1 indicates 
alignment perpendicular to the 
plane of the galaxy, and q=1 
indicates alignment with the plane.  
In contrast to the Heiles stars, 
all 5 red clump cluster fields are 
well-aligned with the galactic 
plane, within the uncertainties.

Figure 8 compares our clusters 
to the Fosalba et al. / Heiles
stars that are beyond 1 kpc
and between l=150-240. The 
red clump calculated distances 
are assumed here. These 5 
clusters are sampling a distant 
ISM that is not well sampled in 
the Heiles compilation.

4. The Larger 
Picture:

A comparison between the 5 
red clump clusters and the 
analysis of the Heiles
compilation by Fosalba et al.
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Link to GPIPS:

The GPIPS region (L=18-56 and B=-1 to +1) has over 60 known clusters, all of which have already 
been observed. These 12 open clusters, using the same instrument as GPIPS, will provide a way to 
bridge the polarimetric data into information about distances and 3D magnetic field structure.
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Figures 3 and 4 show J-H vs J from the 2MASS point source catalog for stars in the cluster Collinder 110.  
While Figure 3 shows all 2MASS stars in the Mimir field of view, Figure 4 is only the 2MASS sources for which 
the stars were bright enough and well separated enough that polarizations were measured with S/N > 3.  
The stars in the dashed box are the red clump stars that are certain to be members of the cluster.  
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In Figure 5, The stars identified as red clump 
stars are highlighted.  They have low polarization 
and a small dispersion in angle.

Polarization vs Position Angle

Figure 6 shows the polarization sticks for the stars bright 
enough and well separated enough for preliminary 
analysis. The red clump stars are shown with red sticks.  
These stars are aligned with each other both in PA and Pol 
as is expected for cluster stars.

3. Cluster Distances and 
Mean Polarizations

Figure 7 presents the mean polarizations of 
the red clumps for the 5 clusters for which 
red clumps could be identified.  Published 
distances (diamonds with solid error bars) 
show some disagreement with the distances 
calculated from the red clumps (crosses 
with dotted error bars).

Interpretation of the dependence of 
polarization with distance depends on which 
distances are assumed.  Clearly, accurate 
determination of the galactic magnetic field 
topology will require robust distance 
determinations.
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