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Abstract

The presence of a magnetic field is shown to affect the evolution and properties
of stars. Hence, it is necessary to observe different types of stars to explore these
effects. The detached eclipsing binary UV Piscium is the object of interest in this study,
where a first step of analyzing its global magnetic field is done. The observational
data was collected during 2016, at the 3.6-m Canada-France-Hawaii Telescope at
Mauna Kea, Hawaii. The analysis of the magnetic field is based on the line-addition
technique least-squares deconvolution (LDS) of the polarisation signatures, and the
aim is to search for circular polarisation signals produced by the Zeeman effect. The
result shows a strong circular polarisation signature for the primary star of the binary,
which is a direct evidence for the presence of a magnetic field. In contrast to this,
the secondary star only shows a weak signal of circular polarisation in one of the
analysed observations and further analysis of its magnetic field is needed. The secondary
goal of the project was to calculate the stellar masses of the binary. This is done by
measuring the radial velocities of the two stars via the line profiles, and preforming
an orbital fit. The results gave: M1 = 1.0211±0.0040 M� and M2 = 0.7728±0.0028 M�.
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Sammanfattning

Varandet av en stjärnas magnetfält är påvisat att påverka dennes evolution och
egenskaper, därav är det nödvändigt att utföra analyser av olika stjärnors magnetfält
för att kartlägga vilka effekter det kan medföra. I detta kandidatarbete undersöks
förmörkelsebinären UV Piscium (UV Psc) med syfte att analysera stjärnornas globala
magnetfält. Observationerna av UV Psc utfördes via 3.6-m Kanada-Frankrike-Hawaii
teleskopet på Mauna Kea på Hawaii, år 2016. Analysen av stjärnornas magnetfält
baseras på linje-additionstekniken least-squares deconvolution (LDS) av polarisations
signaturerna med målet att söka efter signaler av cirkulär polarisation, vilka uppkommer
genom den så kallade Zeeman effekten. Resultaten visar på en stark signal av cirkulärt
polariserat ljus från den primära stjärnan av den binära systemet, vilket är ett direkt
bevis för att denne har ett magnetfält. I kontrast till detta uppvisar den sekundära
stjärnan endast en svag signal i en av de analyserade observationerna och vidare
analys krävs för att kunna konstatera något om dess utseende. Projektet har även ett
sekundärt mål som innefattar att beräkna de båda stjärnornas massor. Detta kan göras
genom att mäta stjärnornas radialhastighet via linje profilerna givet från LSD-analysen
och därefter utföra en orbital anpassning. Analysen resulterade i följande värden:
M1 = 1.0211± 0.0040 M� and M2 = 0.7728± 0.0028 M�.

Nyckelord: Förmörkelsebinär, Magnetiskt fält, Orbital rörelse, Stjärnmassor.

Examensarbete C i Astrofysik, 15.0 högskolepoäng, 2019.
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1 Introduction
Models of stellar properties do seldom contain any aspects of magnetic field contribution.
Yet, magnetic fields have an evident impact on the stellar evolution, affecting the rota-
tion, turbulence and mass loss of the star (Donati and Landstreet, 2009) and there exist
many stars for which theory and observations do not coincide. One distinct example
of this is the age estimation of binary stars done by Popper (1997) in 1997, where the
stellar components of several binaries can not be fitted into the same isochrone. In that
paper, the binary UV Piscium is analysed and the primary star’s age is estimated to 9
Gy, while the secondary seems to be twice the age. Clearly this binary does not fit into
the models, since the components of a binary are always created from the same proto-
stellar cloud at the same time (Rosén et al. 2018). After this discovery, there has been
several studies looking for the explanation of this puzzle and magnetic field-contributions
in models were considered. Ribas (2006) and López-Morales (2007) have examined the
discrepancy between the observed and theoretically predicted radii for low-mass stars.
Their study indicates that the components of a fast rotating, active, binary have a radii
around 5-15% larger compared to theoretical predictions and that the effective temper-
ature of the star is 5% less (Ribas, 2006). The hypothesis is that the magnetic field of a
low- mass star inflates its radius, since especially active binary stars seems to show this
effect. This was further explored by Feiden and Chaboyer (2013) when they analysed
theoretical models including magnetic field contributions, trying to explain the abnormal
results by Popper (1997). With the new models one could align the ages of the two stars
in UV Piscium by applying parameters of surface magnetic field strengths of 2.0 kG for
the primary and 4.6 kG for the secondary (with the metallicity set to [Fe/H] = -0.3 ±
0.1) (Feiden and Chaboyer, 2013). This proves that magnetic field models should not be
disregarded. Hence, accurate measurements and further modeling of the magnetic fields
of stars is relevant.

This project will revolve around the eclipsing binary star UV Piscium (UV Psc) with
the goal of analysing its magnetic field and calculating the stellar masses. Since a direct
detection of a magnetic field in this binary has never been attempted, the main question
to answer will be: Can we detect signals of a magnetic field from the two companion
stars of UV Psc? And depending on the results, can we say something about its appear-
ance? When the magnetic field analysis is done, the orbital motion of the binary will be
examined with the goal of determining the stellar masses.

4



2 Background
The exploration of stellar properties begins with understanding the properties of light and
the behavior of atoms in specific environments, since light is the only information we are
given from the stars. A magnetic field of a star can be indirectly observed by analysing
the circular polarisation of spectral lines, which has its origin in the so called Zeeman
effect. An observation of the Zeeman effect in a stellar spectrum was for the first time
done in 1908 by George Ellery Hale, when he detected the presence of a magnetic field
in the Sun (Donati and Landstreet, 2009). The background of such measurements will
be explained in the next subsection followed by information on the detection techniques
and the stellar object analysed in this report.

2.1 The Zeeman effect and polarisation of light
In the presence of a magnetic field, atoms undergo changes in their structure of energy
levels according to what we describe as the Zeeman effect1. A consequence of this is
a direct change in the spectral lines corresponding to electron transitions between the
energy levels. As exemplified in figure 1, the levels in the atom are split into 2J + 1
new sublevels in the presence of a magnetic field, where J is the original level’s quantum
number of angular momentum. The energy of the new levels depends on the strength B
[Gauss]of the magnetic field according to following:

E = E0 + g
e~

2mc
BM (1)

where g is the dimensionless Landé factor, which depends on the quantum numbers of
spin, orbital, and total angular momentum of the level and can be determined in the L-S
coupling approximation:

g =
3

2
+
S(S + 1)− L(L− 1)

2J(J + 1)
(2)

M in equation (1) corresponds to the magnetic quantum numbers dependent of J: M = -J,
-J +1, . . . , J-1, J. Transitions between the upper level Ju and the lower Jl (Ju = 1 and
Jl = 0 in figure 1) satisfying ∆M = Mu- Ml = 0, ± 1 are allowed by the selection rules.
The appearing spectral lines of the new transitions are referred to as the π component
(∆M = 0 ) and the blue- and red-shifted σ components (∆M = ±1 ) (Kochukhov, 2018).
These components will have wavelength shifts with respect to the central line position:

∆λ(Ml,Mu) = (glMl − guMu)∆λB (3)

where

∆λB =
eBλ20
4πmec

= 4.67 · 10−13Bλ20 (4)

and λ0 [Å] is the wavelength of the spectral line for the atom without an external magnetic
field B present. Even though the splitting of lines could be used for a direct detection
of a magnetic field in a stellar spectrum, it is seldom easy to distinguish. The motion
of particles in the stellar atmosphere and stellar rotation will cause the lines to broaden
and in many cases overlap with other spectral lines. Instead, the focus of magnetic field
detection is on the polarisation of light.

1The Zeeman effect is not the only model describing the splitting of spectral lines due to a magnetic
field. There are other models such as the Hanle effect, which is suitable for tangled and very weak fields
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Figure 1: Upper figure: The lines to the left represent two energy levels of an atom with angular
momentum quantum numbers Ju = 1 and Jl = 0. An electron makes a transition from the upper
level to the lower, resulting in a spectral line observed through a spectrograph, represented in
the right image. Lower figure: The same atom is now under the presence of a magnetic field
and the spectral lines split into 2J + 1 levels. The transitions between the split upper level and
unsplit J = 0 lower level will correspond to spectral lines as in the image to the right.

The attribute described as polarisation characterizes the oscillation pattern of the electro-
magnetic wave. An electromagnetic wave can either oscillate with a linear polarisation,
meaning that the wave only vibrates in a single plane or have a circular polarisation where
the electric field vector rotates circularly in a plane perpendicular to the propagation of
the wave. To mathematically characterize the polarisation of a wave one introduce the so
called Stokes vector I = [I,Q, U, V ]. I is the total intensity of radiation and is represented
by the sum of two light rays which have orthogonal polarisation to each other: I = I0 +
I90 (or I = I25 + I115 for example). Q represents the difference of the intensity between
the two light rays transmitted through a perfect linear polariser with the transmission
axis at 0◦ and 90◦: Q = I0 - I90. U is given by the same standards as Q, but through
a polariser with transmission axis set to 45◦ and 135◦: U = I45 - I135. Lastly, V is the
difference in intensity of a light ray transmitted through a ideal polariser that transmits
right- or left circularly polarised waves: V = Iright - Ileft (Kochukhov, 2018).

The polarisation of an electromagnetic wave goes hand in hand with the recently de-
scribed π- and σ components of the spectra. These three types of components have
distinct polarisation properties which makes an interaction with an external magnetic
field observable (Kochukhov, 2018). The change of polarisation properties of the elec-
tromagnetic waves depends on the direction of the external magnetic field vector with
respect to the direction of emitted light. Specifically, if the light emitted along the line of
sight is perpendicular to the magnetic field vector, the π component are linearly polarised
parallel to the field, while the σ components are linearly polarised perpendicular to the
field (see figure 2, direction of the y-axis). If the light is emitted parallel to the magnetic
vector field instead, the π component now vanish and the σ components propagates with
left- and right circular polarisation (see figure 2, direction of the z-axis). Note the that
the σ components can both appear circular and linearly polarised, and that π only appear
as linear. This means that the Stokes V spectra is only produced by the σ components
and that a detected signal of circular polarisation indicates a presence magnetic field.

and the Paschen-Back effect, which is applied when the external magnetic field energy is very strong
(Donati & Landstreet, 2009).
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Figure 2: The figure illustrates the polarisation properties of the emitted light in different line of
sights with respect to the direction of the magnetic field vector B. The blue curve corresponds to
the σb component and the red to σr. Electromagnetic waves propagating along the y-axis moves
perpendicular to the field vector and gives linearly polarised π and σ components, while waves
propagating parallel to the vector field give the left- and right circular polarised σ components.

2.2 Least-squares deconvolution
When analysing stellar spectra one often looks at specific spectral lines for examination of
the stellar properties. However, for some external influencing factors like radial velocities
and a magnetic field, all spectral lines are affected in a similar way. By using multiline
techniques, analysing the average effect of the external factor on all available spectral
lines, one can gain knowledge about its appearance (Kochukhov et al., 2010). To detect
a stellar magnetic field, the method of least-square deconvolution (LSD) is profitable.
The method was first developed by Donati et al. (1997) and later refined by Kochukhov
et al. (2010).

The general idea of the LSD method is that each individual spectral line can be rep-
resented by a similar shape/profile, scaled by a certain factor of depth, width and posi-
tion (Kochukhov et al., 2010). In this approximation stellar intensity and polarisation
spectrum can be written as:

I(v) = 1−
∑
i

wi
IZI(v − vi)

V (v) =
∑
i

wi
V ZV (v − vi)

(5)

where wi
I = di and wi

V = ḡidiλi, where ḡ is the effective Landé factor, vi = c∆λi/λi is the
position of velocity for each the spectral line and ∆λi is the wavelength displacement from
the central wavelength of the i:th line. ZI and ZV correspond to the average intensity- and
polarisation profiles. These sums can equivalently be expressed as a matrix multiplication
with a line pattern matrix M and the sought mean profiles ZX :

Xobs = M · ZX (6)

where Xobs is the observed intensity or polarisation spectrum. The least squares problem
of equation (6) corresponds to:

χ2 = (Xobs −M · ZX)T · E2
obs · (Xobs −M · ZX) → min (7)
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where Eobs is a diagonal matrix and it contains the inverse of the observational errors
σobs. The problem has the solution:

ZX = (MT · E2
obs ·M)−1 ·MT · E2

obs ·Xobs (8)

and the mean profiles ZX of intensity or polarisation is obtained. This method allows us
to include a large amount of spectral lines in the calculations, resulting in the sensitivity
to polarisation signals as low as the order of 10−5 (Kochukhov, 2018). However, the
spectral lines that differs too much from the average line (i.e strong lines) must be
avoided, otherwise calculating average profile will not be meaningful.

2.3 The importance of a detached eclipsing binary star
One of the weaknesses of astrophysics compared to other fields of science is the constant
state of vast distances between the object of interest and us. The universe is our experi-
mental chamber, possessing a wide variety of astronomical objects, which we can study
from a far distance by observing their emitted light. But even if light is an exquisite
carrier of information, some aspects are left to be modeled with computers. This gener-
ally holds for the estimation of masses of stars, where accurate theoretical modeling of
the stellar interior and atmosphere is necessary. However, this does not apply to binary
stars where parameters, such as mass, can potentially be measured up to an accuracy of
1-2% (Ribas, 2006). Traveling in a persistent orbital motion around a common center of
gravity, the masses of binary stars can be directly derived through Kepler’s laws, using
measurements of radial velocities of the two stars. The derivation of stellar masses is
presented below in subsection 2.5. Also, as mentioned shortly in the introduction, all bi-
nary stars are formed from the same interstellar cloud at the same point of time. Hence,
in addition to their usefulness for mass derivation, the binary stars are beneficial in the
context of evolutionary studies. In this point of view, the detached binaries are the the
most useful since both contact- and semidetached binaries usually experience material
transfer from one star to the other trough their inner Lagrangian point (or even share
the upper layers of their atmospheres, thus not evolving independently).

If we observe a detached binary star, there is still one aspect that will influence the
accuracy of measured stellar masses. This aspect is the inclination angle i of the orbital
plane with respect to the line of sight2. If the line of sight is perpendicular to the orbital
plane (i = 90◦), then the system is called an eclipsing binary where the primary and
secondary star repeatedly will pass in front of each other. This repeated transit can be
observed by analysing the total light of the binary, because of that one star at a time
will block a ratio of light from its companion and the total light intensity from the bi-
nary changes. For such systems, it can be established that if the observed binary is an
eclipsing binary, then the inclination angle i is approximately 90◦ and the accuracy of
the mass calculations will be higher.

2.4 The detached eclipsing binary UV Piscium
The object for this study is the detached eclipsing binary UV Piscium (UV Psc), that
was mentioned in the introduction. This binary system has been observed several times
before (Popper, 1997 & Kjurkchieva & Marchev, 2005) and its properties are fairly well
known. However, there has not yet been a direct study of the magnetic field, although
its presence was suggested from indirect arguments.

2See figure 3 under subsection 2.5 for an illustrative explanation.
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Properties UV Psc A (G5) UV Psc B (K3)

Period [days] 0.86 0.86

Mass [M�] 0.9829 ± 0.0077 0.76440 ± 0.00450

Radius [R�] 1.110 ± 0.023 0.8350 ± 0.0180

Effective temp. [K] 5780 ± 100 4750 ± 80

log g [cgs] 4.340 ± 0.018 4.478 ± 0.019

Table 1: The table contains some of the properties of UV Psc given by Torres et al. (2010)

The two companion stars in the system are of solar type, where the primary and sec-
ondary star have G5 and K3 spectral types respectively. The binary is also known to be
an active stellar system and is categorized in the subgroup of the short-period RS CVn
variables. This type of stars typically has strong magnetic fields, an active chromosphere
and larger areas of cool spots that cause variability in the stellar luminosity (Hall, 1975).

2.5 Derivation of stellar masses
As described in earlier subsection it is possible to estimate the stellar masses of an
eclipsing binary without using complicated models, but with celestial mechanics and
Kepler’s laws of motion. In this subsection, the derivation of these calculations are done,
leading to the formula of stellar masses. The derivation is according to Hilditch (2001).

Figure 3: The figure illustrates the orbit of an object at point p.

Figure 3 illustrates the elliptical orbit of an object in a coordinate system xyz. The orbit
is inclined by an angle of i degrees from a reference plane (shown in grey colour lying
in the xy-plane) and the z−axis is set to be the line of sight viewed from Earth. In the
illustration, N represents the ascending node, which is the point for which the orbital
plane intersects with the plane of reference and Ω is the longitude of the ascending node
(lying in the xy−plane). ω is the argument of the periastron which as the time dependent

9



θ, also lies in the orbital plane. π shows the periapsis of the elliptical orbit and r is the
object’s distance from the center of the orbit in a certain point p. The position p of the
object in the orbit is described by its polar-coordinates (r, θ+ω), with r being determined
by the equation of an ellipse:

r =
a(1− e2)

1 + e cos(θ)
(9)

were e is the eccentricity and a the semimajor axis of the orbit. The orbital velocity is
determined as the time derivative of equation (9):

ṙ =
e sin(θ)θ̇r

1 + e cos(θ)
(10)

Now, to connect the calculations with what an observer on Earth will see, the position
of the object must be expressed in coordinates of the line of sight. Observe from figure
3 that the two components of the objects position is r cos(θ + ω) and r sin(θ + ω), in
the orbital plane, and by projecting the second component on to the line of sight z, we
obtain the position:

z = r sin(θ + ω) sin(i) (11)

By differentiating equation (11), with respect to the time, the observed radial velocity is
given:

ż = [sin(θ + ω)ṙ + r cos(θ + ω)θ̇] sin(i) (12)

By equation (10) we know how r changes with time. But we do not have an expression
of θ̇. However, this parameter appears in Kepler’s second law of motion:

r2θ̇ =
2πa2(1− e2)1/2

P
(13)

where the new parameter P is the orbital period. Inserting equation (9), (10) and (13)
into (12) gives the expression:

ż =
2πa sin(i)

P (1− e2)1/2
[cos(θ + ω) + e cos(ω)] (14)

The semiamplitude K of the observed radial velocity is then expressed as:

K =
2πa sin(i)

P (1− e2)1/2
(15)

The orbital motion of the binary system is now established and hence the masses can be
derived. First observe the relation m1a1 = m2a2 from the law of center of mass, where
a1,2 is the primary, and second orbit’s semimajor axis and a = a1 + a2. Also, Kepler’s
third law

G(m1 +m2) =
4π2a3

P 2
(16)

along with this mass/semimajor axis relation now gives:

m1 +m1
a1
a2

=
4π2a3

GP 2
(17)

From the line of sight z we have: a sin(i) = a1 sin(i) + a2 sin(i):

m1 sin3(i) =
4π2

GP 2

a3 sin3(i)

1 + a1 sin(i)
a2 sin(i)

(18)
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Developing this further, observe that the projected semimajor axis a1,2 sin(i) is obtained
from equation (15):

a1,2 sin(i) =
(1− e2)1/2

2π
K1,2P (19)

Substituting equation (19) into (18) gives:

m1,2 sin3(i) =
1

2πG
(1− e2)3/2(K1 +K2)2K2,1P (20)

For practical reasons we then convert the equation to solar units and obtain the resulting
equation for the stellar masses:

m1,2 sin3(i) = 1.0361 · 10−7(1− e2)3/2(K1 +K2)2K2,1P M� (21)

For the calculation, i is taken from the literature (Popper, 1997) and the radial velocity
amplitudes K1 and K2 [kms−1] are measured in the orbital motion analysis. The the
period P [days] is also adopted from the literature.
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3 Method

3.1 Observational data
The observational data used for the magnetic field analysis were obtained with the 3.6-m
Canada-France-Hawaii Telescope at Mauna Kea, Hawaii, consisting of high-resolution
polarisation spectra spanning continuously from wavelengths of 3700 Å to 10000 Å. It
was collected during the 2nd and 5th of August, followed by the consecutive nights be-
tween the 17th and 21st of September, in 2016. In total there was 18 observations, each
with 4 consecutive 450 seconds sub-exposures, which were combined to form one Stokes
V observation of 4 × 450 seconds. From each sub-exposure, Stokes I observations was
also derived. Hence, there are 4 · 18 = 72 individual Stokes I measurements.

For the orbital motion analysis additional radial velocity measurements were accessed
and used along with the data from 2016 and were taken from Popper (1997). The use of
Popper’s data helps to obtain more precise masses.

3.2 Least-squares deconvolution
The analysis of the collected spectral data is done by usage of the code described by
Kochukhov et al. (2010), which applies the LSD-method. As described, the observations
contained wavelengths from 3700 Å to 10000 Å and in the analysis, the minimum line
depth of the selected lines was set to be larger than 20% of the continuum. The lines
which deviate too much from the average weaker lines, presented in table 2, was removed
according to the limit of the method. In addition, intervals containing contamination
from telluric absorption were also removed.

Wavelength [Å] Source Wavelength [Å] Source

3700 - 3985 Begin. & Ca HK 6274 - 6330 Telluric

4192 - 4112 H-line 6470 - 6580 Telluric

4331 - 4351 H-line 6870 - 7400 Telluric

4851 - 4871 H-line 7590 - 7730 Telluric

5165 - 5188 MgI triplet 7900 - 8420 Telluric

5880 - 5981 Telluric & Na D2

Table 2: The table presents the wavelengths that are masked out from the observed spectra.

The theoretical line lists for the primary and secondary was collected from the database
The Vienna Atomic Line Database (VALD) (Piskunov et al., 1995) using effective tem-
perature 5780±100 K and 4750±80 K and the logarithm of the gravitational acceleration
constant 4.340±0.018 and 4.478±0.019 for the primary and secondary respectively (val-
ues from table 2 under subsection 2.4 ). Since the two stellar components are relatively
similar, by the input parameters, there was an insignificant difference for the Stokes V
and I profiles using either the line list from the primary or the secondary. Because of
this, the line list of the former star was chosen and used in the final analysis.
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The results will be presented and discussed in terms of the phase p, which corresponds
to the position of the stars in the orbit for each observation, normalised over the orbital
period. Phase is calculated according to:

p =
t− T0
P − E

(22)

where t is the observational time (HJD) of individual spectra in the heliocentric system.
T0 = 2444932.2977 is the time of minimum light according to the ephemeris, taken from
the literature (Kjurkcheiva & Marchev, 2005) along with the period time P = 0.86104716
days of the binary system. E is an integer number chosen so that the first observation
has phase p < 1.

3.3 Radial velocity measurements and orbital fit
To derive the stellar masses, the radial velocities of the components are required. To gain
these one must analyse the orbital motion of the binary system, which can be done by
either using a method of function fitting to each of the individual LSD Stokes I profiles or
the method of spectral disentangling, analysing the velocity shifts from one observation
of the stellar spectra to the other.

The second method of spectral disentangling is usually the method that gives the best
accuracy, but in this case the resulting data had larger scattering around the fitted curves
and therefore the first method was used in the end. The explanation for the larger scatter-
ing for the spectral disentangling is perhaps that this method does not take into account
the variation of intensity in the line profiles due to stellar spots. The first method is
more flexible when it comes to these types of variations. When the radial velocities are
derived, a computer program called Orbitx (Tokovinin, 2017) to model the radial velocity
curves is used.
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4 Results

4.1 The magnetic field of UV Piscium
The result of the magnetic field analysis is presented in figure 4, along with the detailed
table 3 and 4 of Stokes V profile data. Observing the Stokes I profiles in the left column
of figure 4, one can see small intensity variations that appears due to cool spots on the
stellar surface. This is a first indication that both components have a magnetic field. In
four of the phases (phase 53.914, 53.941, 54.065 and 54.193, given in table 3 and 4) there
is a narrow peak present. This is unlikely a result of a third component in the system
and it can be explained as contamination from the moonlight.

Looking at the Stokes V profiles in figure 4, there is a clear appearance of magnetic
field signatures for the primary star. All phases, except 54.065, correspond to definite
detection (DD), with false alarm probability (FAP) of less than 1 · 10−05 (presented in
table 3). Phase 54.065 is a marginal detection (MD) with 1 · 10−03 > FAP > 1 · 10−05.
The more complex profiles of the signal indicates that it is not originated form a simple
field structure. It is probably a caused by several stellar spot areas with different mag-
netic field polarities.

HJD Phase Error Max FAP Det

2457604.1136 0.750 5.635E-05 2.498E-04 1.110E-16 DD

2457607.1346 4.259 7.374E-05 4.216E-04 1.191E-10 DD

2457649.8900 53.914 8.237E-05 3.560E-04 8.056E-06 DD

2457649.9134 53.941 7.551E-05 3.187E-04 7.147E-07 DD

2457650.0200 54.065 5.996E-05 1.936E-04 9.471E-04 MD

2457650.1303 54.193 5.760E-05 3.466E-04 0.000E+00 DD

2457650.8841 55.068 5.732E-05 2.226E-04 1.867E-08 DD

2457650.9725 55.171 5.729E-05 2.838E-04 0.000E+00 DD

2457651.0693 55.283 5.806E-05 3.860E-04 0.000E+00 DD

2457651.8502 56.190 5.903E-05 3.391E-04 0.000E+00 DD

2457651.9781 56.339 6.265E-05 3.325E-04 0.000E+00 DD

2457652.0919 56.471 6.663E-05 2.092E-04 2.659E-08 DD

2457652.8302 57.328 6.049E-05 3.378E-04 0.000E+00 DD

2457653.0135 57.541 6.359E-05 2.965E-04 0.000E+00 DD

2457653.0843 57.624 6.180E-05 3.842E-04 0.000E+00 DD

2457653.9458 58.624 5.774E-05 3.335E-04 0.000E+00 DD

2457654.0196 58.710 5.748E-05 2.328E-04 0.000E+00 DD

2457654.1113 58.816 5.843E-05 4.398E-04 0.000E+00 DD

Table 3: The table presents the analysis of the Stokes V profiles for the primary star.
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Figure 4: To the left: The plot represents Stokes I profiles in different phases, the deeper dip
corresponds to the primary star, and the smaller the secondary. In the middle: The plot shows
the Stokes V profiles in several phases, corresponding to the plot of the Stokes I. The primary
star shows a strong and varied signal of circular polarisation whereas for the secondary star,
only one phase has a marginal signal. To the right: The plot represent the null-spectrum. The
different phases are shifted vertically for presentation.
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HJD Phase Error Max FAP Det

2457604.1136 0.750 5.693E-05 1.202E-04 9.991E-01 ND

2457607.1346 4.259 7.407E-05 1.339E-04 9.969E-01 ND

2457649.8900 53.914 8.297E-05 1.105E-04 9.998E-01 ND

2457649.9134 53.941 7.596E-05 1.398E-04 9.973E-01 ND

2457650.0200 54.065 6.023E-05 1.177E-04 8.884E-01 ND

2457650.1303 54.193 5.790E-05 9.920E-05 9.986E-01 ND

2457650.8841 55.068 5.759E-05 1.167E-04 9.995E-01 ND

2457650.9725 55.171 5.754E-05 1.047E-04 8.944E-01 ND

2457651.0693 55.283 5.833E-05 1.120E-04 8.871E-01 ND

2457651.8502 56.190 5.931E-05 1.449E-04 8.332E-01 ND

2457651.9781 56.339 6.294E-05 1.824E-04 1.935E-01 ND

2457652.0919 56.471 6.666E-05 1.854E-04 3.768E-02 ND

2457652.8302 57.328 6.073E-05 1.584E-04 1.557E-01 ND

2457653.0135 57.541 6.393E-05 2.965E-04 1.454E-10 DD

2457653.0843 57.624 6.227E-05 1.244E-04 6.734E-01 ND

2457653.9458 58.624 5.819E-05 1.140E-04 9.541E-01 ND

2457654.0196 58.710 5.801E-05 1.927E-04 1.508E-05 MD

2457654.1113 58.816 5.895E-05 1.241E-04 9.899E-01 ND

Table 4: The table presents the analysis of the Stokes V profiles for the secondary star.
.

The secondary only shows a marginal detection of a magnetic field in the phase 58.710,
and the rest are non-detections (ND), with FAP > 10−03 (presented in table 4). However,
this does not mean that the magnetic field of the secondary star necessarily is absent in
the remaining phases, which will be discussed later on. Also, notice that phase 57.541,
which is noted as a definite detection in table 4, is not included in the results for the
secondary because in that phase profiles of the two components are overlapping, where
the magnetic field from the primary probably affects the observation.

4.2 Orbital motion and determination of masses
The orbital motion fits of the two stars are represented below in figure 5 and contain
data from both Popper (1997) and 2016. The orbits are presented as a velocity curve of
the radial velocity, in reference to the heliocentric system. In the data set of 2016 there
were two measurements deviating vastly from the estimated curve. Hence, they were
discarded. These were observed very close to the phase of the eclipse, which is a very
sensitive point for errors.

With the data of 2016, the resulting values of radial velocity amplitudes are: K1 =
117.94 ± 0.23 kms−1 and K2 = 155.35 ± 0.26 kms−1. Which resulted in the masses:
M1 = 1.0357± 0.0046 M� and M2 = 0.7863± 0.0036 M�. The values obtained from the
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complete data set are: K1 = 117.13 ± 0.16 kms−1 and K2 = 154.75 ± 0.23 kms−1 with
M1 = 1.0211± 0.0040 M� and M2 = 0.7728± 0.0028 M�. For all calculations of masses,
the value of the inclination angle i = 88.9± 2 degrees was used and taken form Popper’s
study (1997), the eccentricity was set to e = 0 (further discussed below) and the period,
P = 0.86104716 days, was collected from the literature (Kjurkcheiva & Marchev, 2005).
The calculation of error propagation is are presented in the Appendix.

Figure 5: The plot illustrates the radial velocities of the components in the UV Psc, derived
from the data of 2016 along with the measurements by Popper (1997). The squares represent
the measurements of the primary star, and the triangles those of the secondary.

HJD 1997 RV A RV B HJD 2016 RV A RV B

2447398.0041 81.9 -92.7 2457604.1047 123.074 -148.982

2447399.0008 122.6 -146.5 2457604.1104 123.183 -149.165

2447407.9386 -89.0 124.5 2457604.1161 123.032 -149.030

2447785.9329 -84.8 125.5 2457604.1217 122.754 -148.647

2448523.9144 -109.3 159.6 2457607.1256 -112.611 160.649

2448523.9206 -110.8 160.4 2457607.1313 -112.449 160.324

2448523.9275 -110.9 160.6 2457607.1370 -112.019 159.669

2448611.6663 -78.6 120.7 2457607.1427 -111.479 158.896

2448611.6890 -89.0 133.4 2457649.8811 69.385 -79.974

2448611.7112 -98.3 145.6 2457649.8868 65.760 -74.256

2448611.7422 -106.2 160.1 2457649.8925 61.544 -67.586

2448821.9315 -97.0 138.5 2457649.8982 57.398 -62.527

2448821.9391 -91.9 135.8 2457649.9045 52.370 -57.354

2448821.9486 -86.4 126.8 2457649.9102 48.634 -54.317
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HJD 1997 RV A RV B HJD 2016 RV A RV B

2448821.9579 -82.0 122.4 2457649.9159 46.267 -50.264

2448908.8162 -111.7 162.2 2457649.9216 44.813 -45.336

2448908.8221 -112.6 160.9 2457650.0112 -36.758 65.234

2448908.8290 -112.8 161.9 2457650.0169 -39.771 69.086

2448910.8560 76.0 -89.8 2457650.0226 -44.230 73.632

2448910.8753 87.3 -99.9 2457650.0283 -48.326 79.012

2448910.8937 97.1 -116.2 2457650.1215 -102.550 148.732

2448910.9142 106.8 -126.2 2457650.1272 -104.355 151.102

2448910.9346 114.1 -142.7 2457650.1329 -106.066 153.278

2448910.9542 120.4 -147.5 2457650.1386 -107.630 154.877

2448910.9732 122.6 -149.4 2457650.8752 -38.313 67.686

2449202.9320 110.8 -134.9 2457650.8809 -42.098 71.788

2449202.9406 107.7 -132.1 2457650.8866 -46.655 76.719

2449202.9535 101.7 -124.3 2457650.8923 -50.992 82.716

2449202.9635 98.1 -118.9 2457650.9637 -95.191 139.556

2449260.9347 -97.6 139.1 2457650.9694 -97.699 142.423

2449260.9499 -102.4 147.9 2457650.9751 -99.901 145.358

2449260.9643 -106.4 156.3 2457650.9808 -101.980 148.287

2449260.9808 -110.0 163.0 2457651.0604 -110.864 158.123

2449292.8676 -110.1 163.8 2457651.0661 -110.010 156.823

2449292.8825 -109.2 156.7 2457651.0718 -108.993 155.324

2449292.8973 -106.0 154.6 2457651.0775 -107.650 153.656

2449293.7040 -112.1 159.6 2457651.8413 -101.862 147.904

2449293.7380 -111.4 157.8 2457651.8470 -103.779 150.384

2449293.7657 -104.8 152.7 2457651.8527 -105.566 152.506

2449293.7939 -94.1 127.6 2457651.8584 -107.062 154.231

2449293.8255 -77.4 113.3 2457651.9693 -97.372 140.361

2449294.8809 76.7 -88.9 2457651.9749 -94.991 137.547

2449294.9025 89.1 -104.9 2457651.9806 -92.151 133.939

2449294.9210 97.1 -118.0 2457651.9863 -89.366 130.358

2449294.9358 105.2 -123.2 2457652.0830 -25.696 42.841

2449384.6108 112.9 -132.3 2457652.0887 -20.903 40.507

2449384.6222 108.7 -126.4 2457652.8214 -100.961 145.180

18



HJD 1997 RV A RV B HJD 2016 RV A RV B

2449384.6334 104.3 -120.8 2457652.8271 -98.701 142.254

2449384.6449 97.4 -114.0 2457652.8328 -96.291 139.349

2449619.9745 -90.8 129.2 2457652.8385 -93.742 135.929

2449619.9856 -95.6 134.5 2457653.0047 36.320 -34.516

2449670.7860 -96.3 135.1 2457653.0104 40.652 -36.388

2449907.9773 93.1 -108.4 2457653.0161 44.087 -39.872

2449907.9923 101.4 -115.0 2457653.0217 48.121 -42.763

2450083.6270 90.7 -105.6 2457653.07545 84.546 -98.359

2450083.6450 100.6 -116.8 2457653.0811 88.146 -103.035

2450083.6636 108.7 -125.7 2457653.0868 91.518 -107.400

2450083.6905 117.2 -139.6 2457653.0925 94.634 -111.804

2450084.5922 124.8 -147.3 2457653.9370 84.792 -98.747

2450084.6102 123.2 -141.0 2457653.9427 88.292 -103.607

2450084.6280 120.7 -140.1 2457653.9483 91.664 -107.776

2450084.6481 113.6 -130.8 2457653.9540 94.831 -112.088

2450084.6658 104.7 -118.0 2457654.0107 117.785 -141.871

2450084.6847 95.6 -112.0 2457654.0164 119.031 -143.752

2450084.7027 86.0 -98.6 2457654.0221 120.088 -145.172

2457654.0278 121.055 -146.405

2457654.1024 114.994 -138.542

2457654.1081 113.147 -136.199

2457654.1138 111.148 -133.404

2457654.1195 108.906 -130.753

Table 5: The table gives the derived values of radial velocities (RV). Left column gives radial
velocities from Popper (1997) and the right column containes the more resent measurements
from 2016. All radial velocity values are in units of kms−1.
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5 Discussion

5.1 The magnetic field analysis
The first thing to comment is the narrow peak appearing in four of the Stokes I profiles.
As described before, these peaks are very unlikely to be a caused by a third object in
the system, since its position is non-changing. Its appearance can be explained as a
contamination from the moonlight. The four phases containing this peak correspond to
observations taken under the same night, for which the binary star was positioned close
to the full moon3. This can be confirmed using any night sky simulation program (for
example Stellarium), with the right time and position coordinates. Also, since both of
companion stars in UV Psc are of solar type, the theoretical line profiles used in the
analysis matches the line profiles of the sun (whose light is reflected from the moon’s
surface) and hence the analysis is sensitive to the lines in the moonlight spectrum.

As seen in the figure 4, the Stokes V profiles for the secondary star is non-discernible for
all phases except one. However, this does not necessarily mean that the secondary star’s
magnetic field is really weak or non-existent. The analysis done here focuses on the field
seen on the global scale of the star, hence it is possible that close lying magnetic field
vectors with anti-parallel field polarities cancel out, giving a zero signal. This claim can
possibly be confirmed by further analysis and mapping of the stellar magnetic fields.

5.2 Orbital motion- and mass calculations
As stated in the results, the used value of orbital period was P = 0.86104716 days, with
assumption that the errors of the period was negligibly small and therefore set to zero.
Hence, the parameter P was not contributing to the error calculations of the masses.
This assumption was made because of the repeatability of variations in a binary system,
the orbital motion is persistent and can be measured with a vast amount of time due to
the repeated behavior. Secondly, the eccentricity was set to zero, giving circular approxi-
mations of the orbits. Orbits of binary systems are generally elliptical, but the closer the
stars are together the more they interact gravitationally and they become more circular
very quickly. UV Psc is a close binary system, thus its period is short and can therefore
be assumed to have a circular orbit with e = 0.

Looking at the calculated masses in comparison to the values found in previous studies,
a small difference is shown from Popper (1997) and Kjurkchieva et al. (2005), where
the derived values in this study are slightly higher respectively lower (see table 6). The
differences between the different methods used can probably be an explanation for the
slight variation.

Study Primary M� Secondary M�

Popper (1997) 0.975 ± 0.009 0.76 ± 0.005

Kjurkchieva et al. (2005) 1.10 ± 0.03 0.81 ± 0.03

Calculated values 1.0357 ± 0.0046 0.7863 ± 0.0036

Table 6: The table presents the derived masses from two different studies, along with the ob-
tained values of the data from 2016.

3The position of UV Psc: Az/Alt: 208◦05’54”/+73◦50’07,9”. The position of the full moon: Az/Alt:
205◦01’16,3”/+71◦36’45,4”. At JD 245749,91307, located on Hawaii
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First to point out is the differences in exposure time: In Popper’s study the exposure
time was maximum 1800 seconds, while as for this study the exposure time was only
450 seconds for each Stokes I observation. Since the binary UV Psc is a rapid-rotating
system, a longer exposure time may affect the observations in a negative manner. The
main effect may however come from that Popper and Kjurkchieva et al. are looking at
individual spectral lines to derive the radial velocities, while here, the LSD-method is
used. This hypotheses is plausible in combination of that the differences are amplified
due to the effect of stellar spots which is directly dependent to the point of time for the
observation made. The lines used by the other studies could be more or less affected
by the spots, which can led to different results of fitting the orbital motion and radial
velocities.

Lastly, the usage of Popper’s data along with the observations from 2016 for the or-
bital motion analysis was firmly discussed with the supervisor. It was used in this study
with the argument that even if the observations is taken 19 years apart, it is comparable
and valid to use. The time and velocities for the observations are in reference to the
heliocentric system, hence is independent of the observational location and the Earths
position in space. Additionally, the analysis of orbital motion is based on spectral line
position shifts, which is unaffected by the used equipment.
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6 Conclusions
The answer to the stated question for this project is ’Yes’, we are able to detect a mag-
netic field of both components in the eclipsing binary star UV Piscium. Clear evidence
of the magnetic field was found for the primary star in all observed phases, while for the
secondary star only one phase gives a global signature in the circular polarisation spectra.
As discussed earlier this weaker result does not exclude the existence of magnetic field
activity on the secondary, but further analyses of the observations are needed to gain
more knowledge of the direction and strength of the field. This holds also, of course,
for the primary star. It can also be concluded that the magnetic field structure of the
stars is complicated, hence the field polarities are not even over the stellar surfaces and
there are probably many different stellar spots with especially magnetically active areas
of different polarities.

Since UV Psc is an eclipsing binary, its masses could be derived from the observational
data. The obtained results; M1 = 1.0211 ± 0.0040 M� and M2 = 0.7728 ± 0.0028 M�,
corresponded well to the values of previous studies and can maybe, in the long term,
contribute to the further understanding of how the magnetic field of stars with similar
masses and properties will appear.
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7 Recommendation
This study breathy analyses the magnetic field of the binary star UV Psc where its global
and larger signatures are detected. The next step is to apply further magnetic field di-
agnostic methods to the observational data with the aim of reconstructing and mapping
the of the field vectors. To create this field map, all parameters of the Stokes vector are
needed (Kochukhov, 2018) and extensive programming is required. This is beyond the
scope of this project but will, possibly, be done by Oleg Kochukhov in the near future.
The mapping of the magnetic field distribution will give a strong indication of the field
polarities on the stellar surfaces and can possibly explain the appearance of the weaker
Stokes V profiles for the secondary star.
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10 Appendix
In this section, the propagation of error for the mass calculation is presented. The mass
of the masses is given by equation (21):

m1,2 sin3(i) = 1.0361 · 10−7(1− e2)3/2(K1 +K2)2K2,1P M� (23)

Hence, the error of propagation u depend on K1, K2, P, e and i. The general formula of
the error propagation:

u =

√√√√ n∑
j=1

(
uj ·

∂m

∂aj

)2

(24)

Where uj is the given error of the variables, and ∂m
∂aj

:

∂m1,2

∂a1
=
∂m1,2

∂i
= 1.0361 · 10−7(1− e2)3/2 ·K2,1P (K1 +K2)2 · −3 cos(i)

sin4(i)

∂m1,2

∂a2
=
∂m1,2

∂e
= 1.0361 · 10−7 · 2e · 3

2
(1− e2)1/2(K1 +K2)2K2,1P ·

1

sin3(i)

∂m1,2

∂a3
=
∂m1,2

∂P
= 1.0361 · 10−7(1− e2)3/2(K1 +K2)2K2,1 ·

1

sin3(i)

∂m1,2

∂a4,5
=
∂m1,2

∂K1,2
= 1.0361 · 10−7(1− e2)3/2(K1 +K2)2PK2,1 ·

1

sin3(i)

∂m1,2

∂a5,4
=
∂m1,2

∂K2,1
= 1.0361 · 10−7(1− e2)3/2(3K2

2,1 +K2
1,2 + 4K1K2)P · 1

sin3(i)

(25)
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