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Abstract

The magnetic �eld of the star, ε Eri, is investigated. It is a nearby
K2V star. Previous studies have shown indications of a magnetic �eld,
but no measurements have been done with polarization. The Zeeman
e�ect causes the lines in the spectrum to be split. The light also becomes
polarized. By looking at the circular polarization, we can get information
about the longitudinal magnetic �eld.

We study the polarization pro�les in the high-resolution spectra of ε
Eri, to increase the S/N ratio, the LSD method is used. By combining
many lines in the spectra, the shape of the averaged line can be derived.
Using this approach, we obtain Stokes I, V, and the null spectra. They
are then compared. From these, the mean longitudinal magnetic �eld is
calculated. Data from two separate observing runs are compared: One
from 2010 and the other from 2011. Based on this analysis we �nd a large
reduction of magnetic �eld strength of ε Eri in just one year.
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Figure 1.1: Solar �are
Captured by NASAs SDO in august 2012 [16]. It is the bright light that is the
�are.

1 Introduction

Ever since humans started looking at the starry sky, we have been in awe. The
stars above have inspired us and urged us to learn more about them. Our closest
star, the Sun, is a fairly small star, and there are many more solar-type stars.

The Sun has a magnetic �eld that strongly a�ects Earth. During the solar
cycle, the magnetic �eld causes sunspots to appear in di�erent amounts, depend-
ing on when it is in the cycle. From the sunspots, magnetic �eld lines leave the
surface of the Sun and create magnetic loops. When these loops interact, solar
�ares are created. See �gure 1.1. The solar �ares eject highly energetic particles,
and when these particles hit Earth's magnetic �eld, the result is geomagnetic
storms.

In 1859 Richard Carrington, a British astronomer, was studying sun spots,
when bright lights suddenly appeared [2]. In fact, he witnessed the largest solar
�are ever recorded. The resulting geomagnetic storm caused aurora borealis as
far south as Cuba. The geomagnetic storm created currents in telegraph lines,
causing sparks to �y. In 1989 a geomagnetic storm caused a nine-hour long
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power outage in Quebec, Canada [10]. There are even more reports of problems
caused by geomagnetic storms.

A star's magnetic �eld deeply a�ects it surroundings. Without Earth's mag-
netic �eld, there would probably not be life on Earth because of the solar �ares.
It is not just geomagnetic storms that a�ects earth. The presence of sun spots
changes the temperature of the surface of the sun, and hence causes change in
incoming radiation on Earth.

The magnetic �eld of the Sun has a�ected Earth and the rest of the solar
system a great deal from its creation until the present time. To understand how
much the Sun has a�ected the solar system, we must look at other stars and
how their magnetic �eld works and evolves.

1.1 Origin of Stellar magnetic �elds

Magnetic �elds have been observed in many di�erent stars, from cool M type
to hot O type [4]. Over a star's life, the magnitude of the magnetic �eld varies.
When it dies, the �eld can become very strong, like in neutron stars.

Magnetic �elds are present in the interstellar medium and, therefore, in the
gas and dust clouds that form the stars. When the cloud collapses, the magnetic
�eld lines are drawn with the matter into what is going to be a star. But shortly
after the collapse and formation of the star, the magnetic �eld strength will
lessen. In some stars, this �eld will disappear entirely, but in other stars, the
magnetic �eld that the star inherited from the interstellar medium becomes the
stars own stellar magnetic �eld. These magnetic �elds are called fossil �elds.
They are mainly present in high mass stars [4]. Strong fossil �elds are only
present in stars with a mass over about 1.6 M� [8]. Since ε Eri is smaller than
our sun (see section 1.2), it should not have a fossil �eld.

A star that looses its fossil �eld often creates its own stellar magnetic �eld
through a process called dynamo. The magnetic �eld of the Sun is believed to
be created through a dynamo process, in which the magnetic �eld is created and
maintained by the di�erential rotation of the star. The Sun has di�erent layers
or zones: the core, the radiative zone and the convective zone. The radiative
zone and the core rotate as if they were a solid body, while the convective
zone has di�erential rotation. Between the layers, there is a thin layer called
tachocline. In this layer, the di�erence in rotations is the largest. It is here that
the dynamo process takes place [4, 8, 12]. Some stars have shown indications
of having two dynamo processes. Another dynamo process then takes place
higher up in the star and is driven by the rotational shear. These stars have
multiple activity cycles. ε Eri and our Sun are believed to have these two
dynamo processes [9].

Stellar dynamo �elds are very active and change rapidly. They can change
shape in seconds, for example during �ares, or over weeks and years. Fossil
�elds are much less active and change shape over millenia [8].
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Table 1: ε Eri

Parameter Value Reference
Spectral type K2V [9]
Teff 5116 K [18]
Rotation period 11.68 days [13]
Mass 0.83 M� [18]
Distance 3.2 pc [9]
Age <1 G year [6]
mv 3.73 [18]
Radius 0.74 R� [9]

1.2 ε Eri

ε Eri is a star in the constellation Eridanus. The star is younger then our Sun,
slightly cooler, and smaller, see table 1. It is one of the closest solar type stars
with a planet and has been observed often. Since it is so similar to our Sun, we
can learn much about studying ε Eri and its system.

It is believed to have at least one planet, ε Eri b, with an orbital period of
seven years and a mass of 1.5MJ [1, 9]. The planet has a semi major axis of
approximately 3.39 AU. The presence of the planet is not yet entirely con�rmed.

A dust disk has been observed around ε Eri at a distance of about 65 AU
from the star [1]. There might be more planets in the disk.

Previous studies has shown indications of a magnetic �eld and it is believed
to have a long active cycle of 12.7 years and a shorter inactive cycle of 2.95
years [9, 13]. ε Eri has never before been studied with the technique used in
this work.

1.3 Goals of this work

The goal with this work is to detect the magnetic �eld signatures in the
polarization spectra from two observing runs of the star, ε Eri. From these two
datasets, mean polarization pro�les are obtained and then compared. The mean
longitudinal magnetic �eld, <Bz>, is then calculated.

2 Theoretical background

2.1 Stellar spectrum

By analysing the spectrum of the stars, we can see what they are made of, how
fast they are spinning etc.

To interpret the spectrum, we may think of the Bohr model of the atom.
When an atom gains energy by, for example, absorbing a photon or by colliding
with other atoms, the electron gets excited and jumps up to a level with a higher
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energy corresponding to the gained energy. It then jumps back down again,
releasing a photon with the same amount energy that the atom gained. There
are schematically di�erent kinds of spectra: continuous spectrum, absorption
spectrum, and emission spectrum. They are explained by Kircho�´s laws of
spectroscopy [3]:

� A continuous spectrum comes from hot dense gas or hot solid objects.
There is no lines in the spectrum.

� An emission spectrum or emission lines comes from hot di�use gas. The
lines arise when the electron jumps back down.

� An absorption spectrum or absorption lines come from when there is a
cool di�use gas in front of a object that emit a continuous spectrum. The
line arise when the electron jumps up in level. There are dark absorbtion
lines in the continuous spectrum. This is what we get from stellar spectra.

The wavelengths that appear in the spectrum correspond to the change in energy
of the atom. Depending of what kind of atom it is, the lines appears at di�erent
wavelengths.

2.2 Zeeman e�ect

When a magnetic �eld is present, more than one line arises when the electron
changes level. This is caused by the so-called Zeeman e�ect. An electron is a
moving charged particle, so it is a�ected by the external magnetic �eld.

The angular momentum of the electron is changed because of the magnetic
�eld, hence the Hamiltonian is changed; a magnetic Hamiltonian is added to
the ordinary Hamiltonian. The magnetic Hamiltonian can be represented as

HB =
eh

4πmc
(L + 2S) ·B +

e2

8mc2
(B× r)² (2.1)

where HB is the magnetic Hamiltonian, h is the Planck constant, c the speed of
light, m and e are the electron mass and charge. L is the total orbital angular
momentum; S is the spin; and r is the position vector of the electron cloud. B
is the magnetic �eld strength [4]. The quadratic term on the right hand side
of equation 2.1 is only important when the magnetic �eld is very strong, like in
white dwarfs and neutron stars. In this case, we ignore it since ε Eri is a type
K star. The magnetic Hamiltonian is then reduced to

HB =
eh

4πmc
(L + 2S) ·B = µ0(L + 2S) ·B (2.2)

where µ0 is the so-called Bohr magneton. The Hamiltonian is perturbed (slightly
altered) by the magnetic Hamiltonian. Because of this, the energy levels of the
atom are also altered. These perturbations depend on the magnetic �eld. What
was previously one level splits into several magnetic sub levels. The number of
sub levels can be expressed as 2J + 1, where J is the total angular momentum
(quantum number). It is this splitting that is called the Zeeman e�ect.
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Figure 2.1:
An example of line transitions with the Zeeman e�ect [17].

The di�erence in energy shift (∆E) between upper (Eu) and lower energy
levels (El) of the magnetic sub levels is described by

El − Eu = ∆E = µ0B(glMl − guMu) = µ0B(∆gMl − gu∆M) (2.3)

where µ0 is the Bohr magneton, g are the Landé factors for upper and lower
energy levels. ∆g = gl − gu and ∆M = Ml −Mu. The Landé factors describe
the magnetic sensitivity of the energy levels. They depend on J , S and L, where
J describes the total angular momentum, S the spin momentum and L is the
total orbital angular momentum. g is dimensionless and usually lies between
0 and 3 [8]. B is the magnetic �eld strength, and M are connected to J (the
quantum number) where M = −J,−J + 1, . . . , J .

From the selection rules for electric dipole transitions, we get that ∆M = 0,±1.
Lines corresponding to ∆M = 0 are called the π-component, and ∆M = ±1
are called the σ- components. These components are distributed symmetrically
around the una�ected line, see �gure 2.2.

In a simpler way we can say that the presence of a magnetic �eld creates
new lines that are shifted in wavelength compared with a line that is una�ected
by a magnetic �eld.
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Figure 2.2: σ and π
A schematic �gure to visualize the distribution of the σ- and π-components.
The numbers represent the magnitude di�erence of each line [14].

2.3 Polarization

The Zeeman e�ect and splitting of the lines makes the light polarized. To be able
to study weak magnetic �elds, we need to study the polarization. Depending on
the orientation of the magnetic �eld, we observe di�erent kinds of polarization.
When the �eld is perpendicular to the line of sight, the lines corresponding to
the π- and σ-components are linearly polarized. When the �eld is parallel to
the line of sight, the lines corresponding to the π-components disappear and the
two σ-components have circular polarization in opposite direction [8].

Light can be described with electric (E) and magnetic �elds (B). Since the
magnetic �eld can be derived from the electric �eld, only the electric �eld is
handled here. Polarized light can be described with two vectors. If the light
propagates along the z-axis and the electric �eld vector oscillates in the xy-plane,
then the E �eld can be described with

E = Exex + Eyey (2.4)

where ex and ey are the unit vectors along the x- and y-axis. Ex and Ey are

Ex = a cos(kz − ωt) = a cosφ (2.5)

Ey = b cos(kz − ωt+ δ) = b cos(φ+ δ) (2.6)

where ω is the angular frequency, k is the wave number and a and b are the
di�erent amplitudes. δ is the phase di�erence, which is constant.
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The E vector will appear to trace an ellipse around the z-axis. This ellipse
is called the polarization ellipse. If a = b and δ = 1

2nπ the ellipse becomes a
circle, and the light is circularly polarized. If δ = nπ, the ellipse becomes a line
and, the light is linearly polarized [11].

Another way to describe polarization is to use Stokes vectors. Stokes vectors
are described by the four parmeters I, Q, U, and V, where I is the intensity, Q
and U describes the linear polarization, and V describes the circular polarization
[4].

By looking at the circular polarization, one can get information about the
magnetic �eld in the line of sight, and from the linear polarization, one can get
information about the magnetic �eld perpendicular to the line of sight.

The magnetic signature in linear polarized light is often so small that it is
not visible in stellar observations. When looking at the circular polarized light,
the magnetic signature is more clear [8]. The Stokes V is studied in this work.

3 Analysis

3.1 Spectropolarimetry

The spectra that are used here were obtained from the European Southern
Observatory, ESO, in La Silla, Chile. A 3.6 m telescope that is equipped with
a instrument, called HARPS (High Accuracy Radial velocity Planet Searcher),
was used. It is an echelle spectrograph with a resolving power of 115000. The
spectral range that is covered is 3780-6910 Å [15]. The detector is a mosaic of
two CCDs with a gap between them, and as a consequence there is a gap in the
spectra at 5300±50Å.

To study the polarization, a polarimeter is needed. An instrument, called
HARPSpol, is added to the telescope [12]. In the beam of light, a wave plate
is placed, either a quarter wave plate or a half wave plate. The wave plates
will phase shift the light that enters. The light that is linear polarized when it
enters the half wave plate will still be linearly polarized when it leaves the plate.
Light that is circular polarized when it is entering the quarter wave plate will
be changed into linearly polarized light [7, 12].

The light is then split with a beam splitter. Two spectra will be created on
the CCD from this two light beams. The Stokes V parameter is calculated from
the di�erence of these two spectra.

By combining the spectra in a certain way a so-called null spectra is created.
The signal in the null spectra comes from the telescope equipment and should
not contain polarization signal from the star.

3.2 Least Squares Deconvolution

The e�ect of the magnetic �eld on the stellar spectrum can be really small, and
the polarization signature can be hidden inside noise. To increase the signal to
noise ratio, a method called Least Squares Deconvolution (LSD) is used.
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In late K class stars, the noise level in the polarimetric signal is reduced a factor
of tens [4].

All the lines in the spectrum are assumed to have the same shape and di�er
only in amplitude. By combining many spectral lines, a �mean pro�le� can be
created.

Essentially, we have our signal where the magnetic pro�le is hidden inside
noise. This can be described by a function V = M · Z + noise, where V is the
circular polarized spectrum i.e the observed spectrum; M is a matrix containing
the weight of each line in the combined spectrum, a so-called line mask; and Z
is a function that describes the shape of the lines, which is what we are looking
for. The weight of each line depends on the depth, wavelength, and magnetic
sensitivity of that line. By using following matrix operations we get Z:

Z = (MT · S2 ·M)−1 ·MT · S2 ·V (3.1)

where M is the line mask, S is a square diagonal matrix containing the inverse
error bar (1/σ), which is obtained from the observations, and V is the observed
spectra [5, 12]. The needed values forM in equation 3.1 are available at various
databases and are therefore not presented here.

Spectral lines are selected according to their depth; this is called cuto�. The
cuto� used here is 0.1; that is, lines that are deeper than 10 % of the continum
are used. 7521 di�ernt lines were combined in this study.

3.3 Calculating the mean longitudinal magnetic �eld

The mean longitudinal magnetic �eld is the magnetic �eld in line of sight aver-
aged over the stellar surface.

From the polarization pro�le that we get through the LSD method, we can
calculate the mean longitudinal magnetic �eld. It is done by integrating the
Stokes V and dividing it by the integral of Stokes I. The equation is

< Bz >=
−7.145 · 106

λ0 · g0
·
´
V (v − v0)dv´
(1 − I)dv

(3.2)

where λ0 is 4700 Å, g0 = 1, <Bz> is in Gauss and v0 is described by

v0 =

´
v(1 − I)dv´
(1 − I)dv

(3.3)

v0 is the center-of-gravity of the LSD pro�le [12].

4 Results

The mean longitudinal magnetic �eld strength was calculated for cuto� values
of 0.1 and 0.2. There were no signi�cant di�erences. In the result only the data
from the calculations that used cuto� 0.1 are presented. The error from the
di�erent cuto�s can be seen in table 2.
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Table 2:
<Bz> error is the mean error measured in G. Scatter <Bz> null is the scattering
of the null spectra around zero measured in G.

Year cuto� <Bz> error [G] Scatter <Bz> null [G]
2010 0.1 0.19909091 0.24465560
2010 0.2 0.19636364 0.22180253
2011 0.1 0.19800000 0.26120873
2011 0.2 0.19000000 0.26645825

Table 3:
Longitudinal �eld measurements for January 2010. <Bz> is from the Stokes V
and null spectra. σ is the uncertainty of Stokes V LSD pro�les. HJD+2400000.

Date HJD 1/σ <Bz> (V) [G] <Bz> (N)[G]
2010-01-03 55200.598 59316 -5.45±0.22 -0.43±0.22
2010-01-04 55201.658 63948 -5.84±0.21 -0.27±0.21
2010-01-05 55202.601 65850 -6.04±0.20 0.06±0.20
2010-01-06 55203.557 67719 -4.54±0.19 0.35±0.19
2010-01-07 55204.576 75670 0.71±0.17 -0.33±0.17
2010-01-08 55205.600 67685 5.02±0.19 -0.04±0.19
2010-01-09 55206.577 69585 4.20±0.19 0.17±0.19
2010-01-10 55207.623 62932 1.38±0.21 0.02±0.21
2010-01-12 55209.565 73399 2.59±0.18 0.28±0.18
2010-01-13 55210.594 72186 1.09±0.18 -0.01±0.18
2010-01-14 55211.583 51578 -2.09±0.25 -0.04±0.25

4.1 2010 observations

In 2010 Epsilon Eri was observed over twelve days in the period from January 3rd
to 14th. No data was obtained on 11th of January. The calculated longitudinal
magnetic �eld can be seen in table 3. The error are small and within the limits
for both <Bz> and the null spectra.

The Stokes pro�les are plotted in �gure 4.1; the null spectra do not show
artifacts. The magnetic �eld is not strong enough to be visible in the Stokes
I pro�le, and to be seen, the Stokes V is multiplied with 200, as is the null
spectrum. In the Stokes V pro�le, a very clear S shape is visible, which indicates
the presence of a polodial �eld, but in �gure 4.2, we can see that the �eld
structure is not simple. If there was a polodial �eld, the plot would have a more
sinusoidal shape.
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Figure 4.1:
The Stokes I, V and the null spectra for the observations in 2010 for every date.
The Stokes V and null spectrum is scaled up 200 times. Each pro�le is shifted
vertically for graphical purposes.

The average line of sight magnetic �eld clearly changes during the observa-
tion period. In �gure 4.2, we can see the changes in the magnetic �eld strength
over time. The stars represent the observations, and the red lines are the error
bar. The diamonds are <Bz> derived from the null spectrum plotted over the
same time. We can clearly see the rotation of the star with the strength of the
magnetic �eld varying over time, going from negative to positive. The missing
data from the 11th of January should not change the plot signi�cantly; if we
look at �gure 4.1, we can see that the �eld does not change much from the 10th
to the 12th.

It is relevant to observe that the observations stretch over more time than
the assumed rotation period. We can see that the magnetic �eld does not go
back to the same �eld strength as it had in the beginning of the observations.

4.2 2011 observations

In 2011 Epsilon Eri was observed between February 7th and 13th, with no data
on the 10th and 11th. Data from the observations can be seen in table 4. The
magnetic �eld strength is signi�cantly lower for these observations. In one of
the observations (February 13th), the error is larger then the signal itself.
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Figure 4.2:
The mean longitudinal magnetic �eld strengths plotted versus time for the ob-
servations in 2010. The stars represent the measurements. The diamonds are
the measurements from the null spectra. Error bars represent 1σ uncertainties.
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Table 4:
Di�erent data for the observations in February 2011. <Bz> is from the Stokes V
and null spectra. σ is the uncertainty of Stokes V LSD pro�les. HJD+2400000.

Date HJD 1/σ <Bz> (V) [G] <Bz> (N)[G]
2011-02-07 55600.538 68899 -0.55±0.19 -0.14±0.19
2011-02-08 55601.513 57870 -0.73±0.23 -0.16±0.23
2011-02-09 55602.603 60482 -0.65±0.22 -0.30±0.22
2011-02-12 55605.510 78575 1.35±0.17 -0.09±0.17
2011-02-13 55606.508 74063 0.12±0.18 -0.73±0.18

Only two of the observations (February 8th and 12th) are larger then the formal
3σ detection limit. The other two are close to this limit.

The Stokes pro�les from 2011 are plotted in �gure 4.3. We can still see the
magnetic �eld in Stokes V. The S shape is not as clear anymore. It is perhaps
visible in the pro�le from the 9th of February and in some others. But the error
is to big to make any �rm conclusions.

In �gure 4.4, the �eld strength over time is plotted. The y-axis has the same
scale as in �gure 4.2. Here, the observation time is about two thirds of the
assumed rotation period: eight days compared with 11.68 days. It seems like
the �eld has become more polodial. The �eld strength is much weaker than the
previous year, which is very remarkable.

5 Summary and Discussion

In this work, the magnetic �eld of the star ε Eri has been studied through
the polarization. The star was observed in two rounds, in January 2010 and
February 2011. The number of days the observation for 2010 took place are
slightly greater than the likely rotation period for ε Eri. For 2011, the number
of days is about two third of the rotation period.

The spectra were obtained with the 3.6 m ESO telescope in Chile, equipped
with the spectroscope HARPS and the polarimeter HARPSpol. To increase the
signal to noise ration, the LSD method was used. 7521 lines were combined to
make mean pro�les, and the resulting Stokes I and Stokes V were studied. From
this, the mean longitudinal magnetic �eld was calculated.

From the 2010 observations, we see a distinct magnetic signature in the
Stokes V pro�le. An S-shape is visible in the pro�le. When plotting the mean
longitudinal magnetic �eld over the observation time, we can see how the �eld
component in the line of sight changes; it indicates a more complex topology
than a polodial �eld.

The 2011 observations have much weaker magnetic signature. In less than a
year, the mean longitudinal magnetic �eld strength has decreased signi�cantly.
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Figure 4.3:
The Stokes I, V and the null spectra for the observations in 2011 for every date.
The Stokes V and null spectrum is scaled up 200 times. Each pro�le is shifted
vertically for graphical purposes.
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Figure 4.4:
The mean longitudinal magnetic �eld strenghts plotted versus time for the ob-
servations in 2011. The stars represent the measurements. The diamonds are
the measurements from the null spectra. Error bars represent 1σ uncertainties.
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Some of the observations from 2011 have a high error compared with the
signal, but the error is still close to the mean error of 2010 observations, which
is low.

As we can see in the �gures, the magnetic �eld has changed a lot in just over
one year. It has changed the magnitude of the mean longitudinal magnetic �eld
and it seems like it has changed topology. ε Eri clearly has a dynamo generated
magnetic �eld.

It would have been good to have more observation days from 2011 to better
compare how the �eld changes over time. When plotted over time, the 2010
observations indicate that the rotational period of the star is slightly longer
than 11.68 days, since the longitudinal �eld does not go back to what it was
earlier in the observing run.

To better understand how the magnetic �eld of ε Eri changes over time, it
would be good to reconstruct a complete map of the magnetic �eld topology.
Since the linear polarization carries information about the magnetic �eld or-
thogonal to the line of sight, it can be used to create a more complete image
of the �eld topology. But the linear polarization is very hard to detect; better
techniques and methods for detection are needed. Similar polarization stud-
ies with more observing runs over several years are needed to clarify the rapid
change in the �eld strength of the mean longitudinal �eld.

ε Eri is con�rmed to have a dust disk and at least one planet is detected
(but not yet con�rmed) [1]. Since the Earth is a�ected so much by the magnetic
�eld of the Sun, it would be interesting to further study the planet around ε Eri
and see how it is a�ected by the magnetic �eld of its own star.

ε Eri is a star with a very interesting magnetic �eld. By studying it, we can
learn much about stellar magnetic �elds.

6 Populärvetenskaplig sammanfattning

En stjärnas magnetfält har stor inverkan på dess liv och omgivning. Från dess
födelse och skapandet av planetsystemet till stjärnans död. Döda stjärnor som
neutronstjärnor och vita dvärgar har starka magnetfält, de blev starkare när
stjärnan dog.

Solens magnetfält är väldigt aktivt, det skapar sol�äckar och stora utkast-
ningar (se �gur 1.1). Det är dessa utkastningar som orsakar norrskenet.

Genom att jämföra solens magnetfält med andra stjärnors kan vi lära oss
mer om hur de påverkar sin omgivning.

ε Eri är en solliknande stjärna som ligger rätt nära oss och är yngre än solen.
Den har ett magnetfält och troligen �era planeter. Genom att studera denna
stjärnas magnetfält och hur dess omgivning ser ut kan vi få ny kunskap om hur
solen inverkar på vårt planetsystem.

Det går inte att bara se på stjärnan och studera magnetfältet, man måste an-
vända vissa speci�ka metoder. Närvaron av magnetfältet förändrar spektrumet
hos stjärnan, istället för en absorbtionslinje blir det (till exempel) tre. Spektrum
förändras olika mycket beroende på hur starkt magnetfältet är.
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Men detta räcker inte för att observera magnetfältet hos denna stjärna. Ljuset
blir polariserat på grund av magnetfältet. Ljus består av vågor som svänger i
slumpmässiga riktningar, när ljuset bara svänger i vissa riktningar är det po-
lariserat. Det �nns olika typer av polarisering och de olika polariseringarna är
kopplade till olika komponenter av magnetfältet. Genom att studera dessa typer
av polarisering kan vi beräkna magnetfältet.

Detta räcker dock inte då vi skall titta på ε Eri eftersom magnetfältet är så
svagt. För att få en bättre signal används en speciell metod. Denna kombinerar
många linjer i spektrum till en enda linje. Man antar att alla linjer har samma
form och gör en dataanpassning. I den kombinerade linjen kan man sedan
studera polarisationen. När man nu vet allt om polariseringen kan man beräkna
magnetfältet. Dock har ε Eri så svagt magnetfält att endast den ena typen av
polarisation är användbar. Från den här polarisationen beräknar man sedan
medelstorleken på magnetfältet längs med synlinjen.

Genom att göra detta för samma stjärna med observationsrundor från olika
tillfällen kan man sedan jämföra och se hur magnetfältet utvecklas. Här har
observationsrundor från 2010 och 2011 använts. Från 2010 är det elva observa-
tioner och från 2011 är det fem observationer. Antalet dagar i observationsrun-
dan från 2010 är nära rotationstiden för ε Eri.

När datan från 2010 studeras ser man att den dominanta polariteten förän-
dras när stjärnan roterar, från negativ till positiv. S-formen tyder på att mag-
netfältet har två poler men när vi ser hur fältet förändras över observationstiden
ser vi att så inte är fallet (se �gur 4.2). Fältet är mera komplicerat. Om den
bara haft två poler hade det sett ur mer som en sinuskurva. Kurvan hade haft en
mera förutsägbar form och ändrats på samma sätt hela tiden. I data från 2011
ser man att magnetfältet förändrats mycket. Det har blivit mycket svagare. Det
här har man aldrig observerat hos en stjärna tidigare.

ε Eri har ett mycket intressant magnetfält som borde studeras mer. Genom
att studera hur denna stjärnas magnetfält förändras kan vi lära oss mycket om
hur stjärnors magnetfält fungerar.
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