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Abstract

We present initial Faraday rotation measurements of extragalactic radio sources with lines of sight
passing through or near to the HII region of IC 1396. We measured the linear polarization of the sources
with the Karl G. Jansky Very Large Array (VLA) at frequencies of ∼5 GHz (6 cm). We estimate the
background Rotation Measure (RM) in this region of the galaxy to be ∼ −140 rad m−2. We find the
sources having lines of sight passing through IC 1396 have an excess |RM| of ∼ 62–465 rad m−2 with
respect to the background. We discuss the RM values in the context of magnetized plasma of IC 1396.
We also discuss a simple shell model to reproduce |RM| as a function of the distance from the center of
IC 1396. We additionally present electron density results from this modeling of the structure of IC 1396.

1. Introduction

Stars form within molecular clouds that are com-
prised of cold (∼10 K) gas and dust. Massive stars,
such as O and B type stars, impact these clouds by
emitting photons at 13.6 eV. These photons ionize
neutral hydrogen gas, forming a sphere-like region
of HII gas around the star (Strömgren, 1939).

These HII regions are hot plasmas containing
free electrons and can reach temperatures of 10,000
K. Particles within plasma tend to follow mag-
netic field lines. Hence, magnetic fields within
HII regions can greatly influence the dynamics and
the evolution of HII regions, supporting molecular
clouds against future collapse (quenching star for-
mation) or potentially triggering star formation.

The HII region of interest, IC 1396 lies in the
plane of the Milk Way galaxy, which has its own
magnetic field that is thought to follow the spiral
arms of the galaxy (Van Eck et al., 2011). In this
work, we investigate the polarity and the magnitude
of the magnetic field near IC 1396 to understand
how the galactic magnetic field is modified within
the H II region.

1.1. Faraday Rotation as a Technique for Assessing
Magnetic Fields

A technique of assessing the polarity and magnitude
of magnetic fields is Faraday rotation. This is the
rotation of the polarization plane of a radio wave
as it travels through magnetized plasma, such as an
HII region. The polarization position angle χ of a
source is given by:
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where χ is the polarization position angle, χ0 is in-
trinsic polarization position angle, e is the funda-
mental electric charge, me is the mass of an elec-
tron, c is the speed of light, λ is the wavelength, ne

is the electron density, B⃗ is the magnetic field, and
d⃗s is the incremental pathlength interval along the
line of sight. The integral is taken from the source
s = 0 to the observer at s = L, with the integral
over the dot product resulting in the parallel com-
ponent of the magnetic field. As areas except the
HII region are assumed to have no electron density
ne, L becomes the effective thickness of the HII re-
gion. The Rotation Measure (RM) is defined as the
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quantities in the square brackets in Equation 1. Fig-
ure 1 is an illustration of an electromagnetic wave

propagating through plasma with a magnetic field.

Figure 1: This illustration depicts the propagation of a radio wave emitted from a source. The line of sight passes
through the magnetized plasma and reaches an antenna, with the magnetic field of the region causing the wave to
rotate by an angle φ. This phenomenon is Faraday rotation. The quantities of ne, B⃗, L, χ0 are defined in the text.

The radio sources act as a probe of the HII. we
assessed the polarimetric properties of extragalac-
tic radio sources with lines of sight through or near
the HII region. These galaxies emit a type of non-
thermal radiation known as synchrotron. This is lin-
early polarized light and is emitted when relativistic
electrons accelerate in a spiral path along the strong
magnetic fields of these galaxies. Photons in HII re-
gions do not typically emit linearly polarized light,
so it is reasonable to assume the linearly polarized
signals we detect are due to the selected sources.
Though the HII region does not emit linearly po-
larized light, it is a plasma, so the electromagnetic
fields within the plasma will alter the linearly po-
larized light that is propagating through the plasma.
Hence, any change in the polarization position an-
gle χ of the radiation from the extragalactic sources
should be in response to the magnetic field of the
HII region.

The RM value contains the magnetic field and
electron density information. we calculate the RM
value by plotting χ data versus λ2 and obtaining the
slope, where λ2 is coming from the range of fre-
quencies observed. This relationship is shown in
Equation (2).

RM =
∆χ

∆(λ2)
(2)

1.2. IC 1396 as a Region of Interest

IC 1396, known as the Elephant Trunk’s Nebulae, is
an HII region in the Cepheus constellation. It is ion-
ized by the triplet star cluster HD 206267A. One of
the stars responsible for ionization is a young mas-
sive star of an O spectral type. (Chlebowski and
Garmany, 1991). Figure 2 shows a image of IC 1396
with the position of all the extragalactic sources.
The distance to IC 1396 is 918 pc and it has an angu-
lar size of 35.6’, with R.A.(J2000) = 21h 37m 25.6s,
decl.(J2000) = 57� 170 1400 (Tarricq et al., 2021). We
chose to study IC 1396 with the Faraday Rotation
technique as it meets the criteria used to select both
the Rosette Nebula and W4 of being in the galac-
tic anticenter direction, known distance and mass
loss rate, (Costa and Spangler, 2018; Costa et al.,
2016). Furthermore, there are not as many HII re-
gions along the lines of sight that would interfere
with measurements, which is important for our as-
sumption that areas external to IC 1396 (along the
line of sight) have no electron density.

2. Observations

The data used in this research were observed in
2014 with the Karl G. Jansky Very Large Array
(VLA). The data consist of 31 extragalactic sources
with lines of sight passing through or near to IC
1396. The observations were centered at 5 GHz
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