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Abstrakt

V této práci se zabýváme základními vlastnostmi rádiového kontinua jelly�sh galaxií
v galaktické kupì Coma. Tyto galaxie jsou ovlivòovány dynamickým tlakem horkého
mezigalaktického plynu, který z nich odstraòuje mezihvìzdný plyn, kosmické záøení i mag-
netická pole a vytváøí charakteristické

”
kometární\ ohony. Rádiové kontinuum odpovídá

synchrotronnímu záøení relativistických elektronù vznikajících zejména pøi explozích su-
pernov. Pomocí analýzy dat z projektu LoTSS observatoøe LOFAR zkoumáme pøítomnost
rádiového kontinua a morfologii tìchto galaxií. Vyu¾íváme metody analýzy obrazových
dat a statistického zpracování, zejména mìøení lokální úrovnì ¹umu a tvorbu konturových
map oddìlujících skuteèný signál od ¹umu. ©est jelly�sh galaxií nebylo v datech LO-
FAR detekováno, zatímco u vybraných detekovaných galaxií podrobnì popisujeme jejich
rádiovou morfologii. Analyzujeme také zmìnu ¹íøky rádiových ohonù se vzdáleností od
støedu galaxie a porovnáváme vlastnosti galaxií v rádiovém kontinuu a v Ha záøení, které
mapuje ionizovaný plyn. Pozorujeme pøibli¾nì lineární závislost mezi tokem Ha záøení
a celkovým rádiovým tokem, kvalitativnì odpovídající známému vztahu mezi rádiovou
luminozitou a rychlostí tvorby hvìzd ve spirálních galaxiích.





Abstract

In this thesis, we investigate the basic properties of the radio continuum emission of
jelly�sh galaxies in the Coma Cluster. These galaxies are affected by the ram pressure
exerted by the hot intracluster medium, which removes interstellar gas, cosmic rays, and
magnetic �elds from the galaxies and forms characteristic \cometary" tails. The radio
continuum emission corresponds primarily to synchrotron radiation produced by relativistic
electrons accelerated mainly in supernova explosions. Using data from the LoTSS project
obtained with the LOFAR observatory, we study te presence of radio continuum emission
and the morphology of these galaxies. We apply methods of image analysis and statistical
processing, particularly local noise measurements and the construction of contour maps
separating real emission from noise. Six jelly�sh galaxies were not detected in the LOFAR
data, while selected detected galaxies are analysed in detail with respect to their radio
morphology. We also investigate how the width of the radio tails changes with distance
from the galaxy center and compare the properties of the galaxies in radio continuum and
Ha emission, which traces ionized gas. We �nd an approximately linear relation between
the Ha flux and the total radio flux, qualitatively consistent with the known correlation
between radio luminosity and star formation rate in spiral galaxies.
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Introduction

Galaxy clusters are the most massive gravitationally bound objects in the Universe, with
masses of up to a thousand trillion times that of our sun and extending millions of light
years across. They typically contain hundreds to thousands of member galaxies orbiting
around the cluster's center point of gravity. These structures contain superheated plasma
that permeates a galaxy cluster. It consists of a hot and dense ionised gas called the intra-
cluster medium (ICM).

Galaxies within galaxy clusters rush through the ICM at orbital velocities typically
of the order of 1000 km/s. Consequently, the intra-cluster medium applies external dy-
namical pressure on the gas inside the galaxies, which can result into ef�cient removal
of the galaxy's interstellar matter (ISM). This process, known as ram pressure stripping,
has a major influence on galaxy evolution in dense cluster environments, as it can deplete
the gas reservoir required for future star formation. During this process, extended gaseous
structures are formed behind the galactic disk, often resembling the tentacles of a jelly�sh.
These galactic tails consist of multiple gas phases and were observed also using radio
interferometers, allowing us to see features that are not visible at other wavelengths.

At the beginning of this thesis, we focus on the fundamental background of radio
astronomy and the process of ram pressure stripping. The subsequent section is dedicated
to the speci�c properties of our selected jelly�sh galaxies in relation to the radio continuum,
providing a detailed description of the data processing and analysis. We conclude the thesis
by comparison of the radio continuum results with Ha properties of the jelly�sh sample.

{ 1 {





Chapter 1

Radio astronomy

Radio astronomy is a sub�eld of astronomy that studies celestial objects at radio wave-
lengths. Since the 1930s, when the �rst radio signal from our galaxy was detected by Karl
Jansky, astronomers have used radio waves to study the universe.

1.1 Electromagnetic spectrum

Figure 1.1: Electromagnetic spectrum

The electromagnetic spectrum encompasses all types of electromagnetic radiation
(EMR). It can be expressed in terms of energy, wavelength, or frequency. The spec-
trum consists of many subranges, which bear different names and bands according to their
behavior in emission, absorption, transmission, and practical use (see Figure 1.1) . Instead
of borders between these portions, they fluently flow into each other. All the types of
EMR are spread at the same speed in a vacuum | the speed of light marked as c. This
phenomenon is described by the equation

c = l � f ; (1.1)

where l is the wavelength and f is the frequency of EMR.

{ 3 {
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EMR can also be conceptualized as a stream of discrete energy packets called photons.
Photons possess both wave and particle characteristics. Their particle-like behavior is most
prominent at high frequencies, such as X-rays or Gamma rays. In contrast, the wave-like
character is observed at much lower frequencies, for instance, in the radio or microwave
bands. High-frequency waves have high-energy photons, while low-frequency waves have
low-energy photons.

1.1.1 Radio band

The radio spectrum is a crucial part of modern communication technologies, as well as
space science and astronomy. It refers to the portion of the electromagnetic spectrum
spanning roughly from a few hertz to hundreds of gigahertz. These frequencies are divided
into classes from very low frequencies to extremely high frequencies, and we can �nd
them at the longest wavelengths in EMS. Radio astronomers have a major advantage as
they are able to conduct observations directly through interstellar dust, unlike optical
observations that do not allow us to see through as they get absorbed and scattered by
the dust particles. But even for this method, obstacles appear. The atmosphere absorbs
the incoming signal and converts it into heat. At low frequencies, transmission is limited by
the ionosphere, while at higher frequencies, water vapor interferes with radio astronomy.
This is the reason why low-humidity sites, with extremely dry air and high altitude, are
used for observations. We de�ne a \window" whose range is from 15 MHz to 1 THz, and
in this band, the atmosphere is partially transparent and ground-based observations are
possible.

1.2 LOFAR - Low Frequency Array

LOFAR (Low-Frequency Array) is an European radio telescope, operating at low frequen-
cies ranging from 10 - 240 MHz (Haarlem et al. 2013). It provides a number of unique
observing capabilities allowing to achieve unprecedented levels of resolution and sensi-
tivity at low frequencies. The several technical challenges (hardware, data transport, data
calibration) faced by LOFAR make this instrument an important path�nder for the Square
Kilometer Array (SKA), which is going to be the largest and most powerful astronomical
observatory in the near future. It is a system of thousands of simple dipole antennas
deployed across Europe, where the central core is situated in the Netherlands. The network
involves many stations, providing baselines up to more than 1000 km. There are two types
of antennas at each station: the High Band Antennas (HBA, 110 { 240 MHz) and Low
Band Antennas (LBA, 10 { 90 MHz). Instead of using moving dishes, LOFAR performs
observations electronically: signals from all antennas are digitized and combined through
interferometric correlation and beamforming techniques, allowing the array to simulate a
single radio telescope with very high angular resolution.

1.2.1 Science with LOFAR

The multi-beaming capabilities of the LOFAR telescope allow astronomers to conduct
research across a broad range of �elds. Besides galaxy evolution in cluster environment
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Figure 1.2: The Dutch core of the LOFAR interferometer (Vajiram Content Team)

(the goal of this project), scientists are able to study various cosmic phenomena. One
of the projects is focused on the Epoch of Reionization (EoR), the period during which
the neutral gas in the universe was completely ionized by the �rst stars and galaxies.

Its exceptional sensitivity enables LOFAR to make detailed studies of pulsars and
transient sources. Recently, astronomers discovered LOFAR's �rst \blind" transient in
the direction of the north celestial pole, measured the low-frequency spectrum of radio
emission from a nearby black hole (V404 Cyg) in outburst, and followed up on the �rst
detection of gravitational waves. Apart from that, solar science, space weather, and cosmic
magnetism are also key areas for LOFAR targeting.

1.2.2 Project LoTSS

The LOFAR Two-metre Sky Survey (LoTSS) is one of the main results of the LOFAR
Survey Key projects. It is a wide-area continuum survey that covers the entire northern sky
in the range of 120 { 168 MHz using high-band antennas at the full resolution of the Dutch
core stations LOFAR (6 arcseconds) and a declination-dependent sensitivity which will
typically be around 100 mJy/beam (Shimwell, Röttgering, et al. 2017; Shimwell, Tasse,
et al. 2019; Shimwell, Hardcastle, Tasse, Best, et al. 2022). This project includes different
types of polarizations :

• Stokes I (total intensity): The maps have a highest angular resolution of 6" and
sensitivity of 83 mJy/beam. They are primarily used for the detection and cataloging
of radio sources.

• Stokes V (circular polarization): The maps have a lower angular resolution of 20"
and sensitivity of 95 mJy/beam. The purpose is to study circular polarization, which
is typically weaker and more challenging to detect than total intensity.
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• Stokes Q and Stokes U (linear polarization): The sensitivity is 10.8 mJy/beam
with an angular resolution of 4' and 2.2 mJy/beam with an angular resolution of 20".

This bachelor's thesis works with the Stokes I maps from the LoTSS survey Data
Release 2, in which data covering 27% of the northern sky and reaching a median rms
sensitivity of 83 mJy/beam were published. Currently, Data Release 3 covering 88% of
the northern sky has been released (Shimwell, Hardcastle, Tasse, Drabent, et al. 2026).



Chapter 2

Jelly�sh galaxies

Jelly�sh galaxies are named for the long, tentacle-like streams of gas and young stars that
trail behind them. They are formed in galaxy clusters when they move quickly through a
hot and dense intracluster environment. This interaction acts like a strong wind pushing the
jelly�sh galaxy´s own interstellar gas out of the disk, forming extended trails. The technical
term for the process that creates these galaxies is called ram-pressure stripping.

Figure 2.1: Jelly�sh galaxy PGC29820 in cluster Abell 957, captured by the Hubble Space
Telescope, showing long tendrils of gas and star-forming regions stripped away by ram
pressure. credit: ESA/Hubble & NASA

2.1 Ram-pressure stripping

Ram pressure (RPS; Gunn and Gott 1972) stripping is one of the most ef�cient envi-
ronmental mechanisms driving the evolution of galaxies in dense cluster environments.
This hydrodynamical process arises from the relative motion between satelite galaxies
and the intracluster medium (ICM). As a galaxy moves through the ICM, its interstellar
medium (ISM) experiences external pressure that can heat, evaporate (Cowie and Songaila
1977), or directly remove gas from the galactic disk through ram pressure (Gunn and
Gott 1972). In addition, turbulent instabilities developing at the contact point between the

{ 7 {
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cold gravitationally bound ISM and hot surrounding ICM further enhance and accelerate
the stripping process.

Galaxies falling into clusters are expected to experience a pressure of

P = r ICMv2 (2.1)

where rICM is the intracluster gas density and v is the speed of the galaxy relative to
the medium (Boselli, Fossati, and Sun 2022). If the ram pressure is suf�ciently strong to
exceed the galaxy's gravitational potential, the galaxy loses its gas, which is effectively
stripped from the disk.

Objects undergoing RPS are characterized by one-sided tail of stripped material. De-
pending on the gas phase (atomic, molecular, or ionized), these tails are observable at
multiple wavelengths. The atomic component often reveals the most extended structures,
showing how loosely bound gas is �rst removed from the galaxy's outskirts. In contrast,
the molecular phase represents the dense, cold reservoirs that can either be stripped directly
or form in-situ within the tail through the cooling of more diffuse gas. Finally, the ion-
ized phase, frequently observed via Ha emission, highlights regions of intense heating or
active star formation, tracing the "tentacles" where young stars are born from the stripped
material. This astrophysical phenomenon has an impact on galaxy evolution (Lee et al.
2022).

2.1.1 Radio continuum component

Jelly�sh galaxies can exhibit spectacular multiphase tails, together with tails of relativistic
particles and magnetic �elds visible through radio continuum emission (Roberts, Weeren,
Lal, et al. 2023).

The radio continuum component is primarily produced by synchrotron radiation emitted
by relativistic electrons spiraling around magnetic �eld lines. These cosmic ray electrons
are mainly accelerated in supernova remnants associated with recent star formation in
the galactic disk, although additional acceleration may occur in shocks and turbulent
regions generated by the stripping process itself.

During ram pressure stripping, not only gas but also cosmic rays and magnetic �elds can
be displaced from the galaxy, forming extended radio continuum tails that often coincide
with the stripped gaseous material.

2.2 Coma cluster

Galaxy clusters are the largest gravitationally bound structures in the universe. One
prominent example is the Coma cluster, also known as Abell 1656, located at a distance
of 100 Mpc from us. Coma cluster is a massive galactic cluster with a viral mass of
1:4 � 1015M� and virial radius of 2.8 Mpc (Malavasi et al. 2020). This cluster lies near
the North Galactic Pole within the constellation of Coma Berenices and contains more
than a thousand identi�ed galaxies. The cluster is dominated by elliptical and lenticular
galaxies, especially in its dense central region, where the galaxy population mainly consists
of old stars with little ongoing star formation. Farther out from the center of the cluster,



Chapter 2. Jelly�sh galaxies 9

spiral galaxies are more common and often contain signi�cant reservoirs of cold gas and
dust, providing favorable conditions for new star formation.

Figure 2.2: Coma cluster of galaxies in X-ray and optical light, revealing the distribution
of the intracluster medium and the galactic population, respectively; credit: ESA/XMM-
Newton/SDSS/J. Sanders et al. 2019

In our research, we study a sample of 18 jelly�sh galaxies which are listed along with
other parameters in Table 2.1. The sample galaxies were selected from the ALMA JELLY
project (PI: P. Jáchym), which investigated the molecular gas content of jelly�sh galaxies
in the nearby Coma, Leo, and Norma clusters. Their galaxy sample was selected based
on the presence of prominent Ha tails produced by ram-pressure stripping, indicating
ongoing interactions between the galaxies and the intracluster medium. The stellar masses
of the sample galaxies were adopted from the review paper by (Boselli, Fossati, and Sun
2022).

According to the SIMBAD database, the center of the Coma galaxy cluster has the
following ICRS coordinates

RA = 12:59:44.40

DEC = +27:54:44.9

For each galaxy, we determined physical distances in kpc from the cluster centre by
subtracting the right ascension a and declination d coordinates. It was necessary to con-
vert coordinates from hours/minutes/seconds format into decimal degrees. The spherical
distance is calculated using the small-angle approximation formula

q =
q

(Da � cosd)2 + (Dd) 2; (2.2)

where Da is the difference in RA, Dd is the difference in DEC, and d represents the dec-
lination of the cluster center.
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Assuming a uniform distance of R = 100 Mpc for all galaxies as well as for the cluster
centre itself, the physical distance is de�ned by

Rcen= R �q (2.3)

Redshift values for all galaxies were retrieved from the SIMBAD astronomical database
and subsequently used to calculate the optical velocity according to the following formula

vopt,gal= c � z; (2.4)

where z is a redshift and c is the speed of the light.
The optical velocity of the galaxy cluster center was obtained from the SIMBAD

database:

vopt,cen= 7015 kms�1

This value was subsequently subtracted from the optical velocities of the individual
galaxies czgal to calculate the radial velocity of the galaxies vr within the cluster according
to the following relationship:

vr = v opt,gal� v opt,cen (2.5)

A complete overview of the calculated values for the entire sample of galaxies is
provided in Table 2.1.

Table 2.1: Parameters of the jelly�sh galaxies in the Coma cluster

Name RA DEC log M� Rcen vopt,gal vr
[M� ] [kpc] [km s�1 ] [km s�1 ]

GMP 2910 13:00:09.14 27:51:59.34 9.26 180.8 5315.3 -1699.7
NGC 4848 12:58:05.58 28:14:33.26 10.32 860.6 7024.5 9.5
GMP 4060 12:58:42.59 27:45:37.79 9.12 473.4 8747.9 1732.9
IC 4040 13:00:37.87 28:03:28.68 9.65 422.6 7653.7 638.7
IC 3949 12:58:55.77 27:49:58.93 10.42 341.8 7524.8 509.8
GMP 3779 12:59:05.29 27:38:39.85 9.74 531.0 5435.2 -1561.8
GMP 3071 12:59:56.17 27:44:47.30 8.90 301.3 8921.8 1906.8
GMP 4232 12:58:30.62 27:33:51.50 7.39 771.9 7283.0 268.0
NGC 4911 13:00:56.06 27:47:27.15 10.89 509.3 7971.5 956.5
GMP 2923 13:00:08.06 27:46:23.94 8.75 284.1 8670.0 1655.0
GMP 3016 13:00:01.03 28:04:54.78 7.49 314.9 7765.0 750.0
GMP 3271 12:59:39.81 27:34:35.78 9.20 587.7 5009.5 -2005.5
NGC 4858 12:59:02.12 28:06:55.94 9.40 446.3 9416.5 2401.5
NGC 4853 12:58:35.20 27:35:46.97 10.37 708.5 7686.7 671.7
GMP 4629 12:57:50.24 28:10:13.29 8.47 860.8 6919.2 -95.8
GMP 4570 12:57:56.80 27:59:30.31 8.53 701.3 4565.8 -2449.2
GMP 4555 12:57:57.75 28:03:41.50 9.75 730.0 8136.4 1121.4
NGC 4854 12:58:47.43 27:40:28.89 10.67 522.2 8382.2 1367.2



Chapter 3

Data analysis

3.1 Software and scripts

Several software tools and applications were used for the data processing and analysis
presented in this work. We used SAOImageDS9 8.6 (SAOImageDS9 download) for image
visualization and employed its various built-in tools to measure galaxy parameters.

To calculate local noise levels for all galaxies in the LoTSS image, we developed a cus-
tom Python script. Contour maps were then generated based on these noise calculations
and subsequently plotted using additional Python-based script. The individual techniques
are described in more detail in the following sections.

Data regarding object properties were obtained from the SIMBAD database (SIMBAD
Astronomical Database) and SDSS website (Sloan Digital Sky Survey).
Additional information was gathered from relevant scienti�c publications.

Images of individual galaxies were prepared by cropping the original LoTSS wide-�eld
images in Python to focus on the target galaxies and their surroundings.

3.2 Datasets

The data processed in this thesis are available in the public archive LoTSS Data Release
2 (DR2). The DR2 data were processed through calibration pipelines that correct for
instrumental effects as well as spatially and temporally varying ionospheric distortions.
We worked with a mosaic covering the full extent of the Coma Cluster, produced by
combining three observing pointings using noise-weighted imaging techniques. The �nal
mosaic was kindly provided by I. D. Roberts. (see Figure 3.1), which served as the primary
dataset for our entire analysis. Additionally, a smoothed, 12 arcsec resolution version of
this mosaic was generated by convolving the image to a lower angular resolution for com-
parative purposes. Analyzing smoothed LOFAR images provides improved sensitivity to
faint, diffuse radio continuum emission that may be dif�cult to detect in the original high-
resolution 6 arcsec maps. The thesis also includes optical images, which were retrieved
from the Legacy survey archive using Python scripts.

{ 11 {



12 Chapter 3. Data analysis

Figure 3.1: LOFAR 144 MHz image mosaic of the Coma cluster (courtesy of I.D.Roberts).

3.3 Regions of jelly�sh galaxies

To enable a detailed study of the aforementioned jelly�sh galaxies, it was necessary to
extract them individually from the original large-scale mosaic Figure 3.1. The mosaic
image was loaded into Python along with the galaxy coordinates (see Table 2.1). A
crucial step in this process was the application of the World Coordinate System (WCS), a
mathematical framework that maps image pixels to celestial coordinates. Each galaxy was
cropped into a 600 � 600 pixel which is 15 arcmin � 15 arcmin image. Finally, a scale
bar was plotted on each image to represent the angular scale in arcminutes. All processed
galaxy images are included in the Appendix Figure 4.5.
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3.4 Noise estimates

The noise level (i.e., the sensitivity) is not uniform across the mosaic. This is caused by
the combining of multiple pointings, primary beam corrections, calibration uncertainties,
but also the presence of nearby bright radio sources that increase imaging artefacts and
sidelobe noise (see Figure 3.1). Since we aim to consistently provide and measure the radio
emission of our galaxies, measuring the local noise RMS (Root Mean Square) in the LOFAR
map at the positions of individual galaxies is necessary. This will enable reliable estimates
of the detection signi�cance and contours to be de�ned consistently for each galaxy.
The crucial step is to de�ne a basic signal level, which we will use for measuring, which is
interpreted as a multiple of the RMS noise. We explored several ways to measure the noise
locally in the locations of our galaxies. We choose a region of 50� 5 0around each galaxy.
Galaxies are always situated at the centre of the image. Values from all calculated methods
are in the Table 3.1. All these steps were calculated in Python.

3.4.1 Methods

Standard deviation

Standard deviation is a measure of how much the pixel brightness values vary within
the selected image region. It is highly sensitive to outliers and non-Gaussian features in
the data. In this case, the value of the standard deviation is arti�cially increased because
of the bright galaxy itself, but also the presence of background structures. We provided
just a standard deviation calculation of the pixel intensity distribution:

s =
q

h(I � Ī)2i; (3.1)

where I represents the individual pixel intensities andĪ is the mean intensity within
the selected �eld.

Sigma clipping

To obtain a robust estimate of the background noise, we employed an iterative sigma-
clipping algorithm. This process is a statistical method used to remove noise or outliers
from the data. The primary condition for a pixel to be retained in the dataset during each
iteration is de�ned by the inequality

jI i � m nj � N � s n; (3.2)

where Ii is the intensity of an individual pixel, mn is the mean intensity of the pixels in
the n-th iteration, N is the clipping threshold and sn is the standard deviation of the pixels
in the n-th iteration.

The �nal estimate of the background noise is then de�ned as the standard deviation
obtained after the last iteration:

sclipp = s k; (3.3)

where k is the total number of performed iterations.
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We perform this calculation in several steps.

• Calculating Basic Statistics: The mean m and standard deviation s are calculated
for the dataset.

• Setting the Threshold: We de�ned a sigma multiplier as 3s. That means that any
data point falling outside the settled range of � 3s is considered noise.

• Rejection (Clipping): We excluded data points outside this range from the dataset.

• Iteration: The mean and sigma are recalculated from the new dataset. We pre-set 10
iterations. So this process repeats until the pre-set number of iterations is reached.

Median Absolute Deviation (MAD)

Median absolute deviation (MAD) is a robust estimator of the background noise and is far
less sensitive to extreme values, compared to standard deviation. It is formulated as

MAD = median(jI i � Ĩj); (3.4)

where Ii is the value of i-th pixel in the region andĨ is a median of all the pixels in the region.
The MAD value itself is not directly comparable to the noise s. To relate the MAD to
the standard deviation of a Gaussian distribution, we applied a consistency factor with a
value of 1.4826. The �nal equation for this method is

sMAD = 1:4826 �MAD (3.5)

The calculation was performed in these four steps.

• Find the Median: We calculated the median of all data points.

• Calculate Deviations: Find the difference between each pixel value and the median.

• Find the Median of Deviations: The MAD is the median of the absolute values of
these differences.

• Scale to standard deviation: The result was multiplied by a constant factor.

After evaluating these three noise estimation methods, we selected the one that pro-
vided the most consistent results. The values obtained via standard deviation signi�cantly
deviated from the other two methods (see Table 3.1) due to their sensitivity to outliers.
When comparing the sclipp and sMAD results, we opted for the sigma-clipping method, as it
provides a more re�ned convergence to the true background noise. The resulting estimates
exhibit a more stable and nuanced distribution, capturing the background characteristics
more accurately. The result of this method is a cleaned RMS value, which we consider to
be representative of the level of background noise in our data.

RMS = s clipp (3.6)

Consequently, we adopted this method for all subsequent analyses and calculations in our
work.
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Table 3.1: Calculated values of local noise
Name s sclipp sMAD

�10�5 [Jy/beam]
GMP 2910 11.07 9.26 9.62
NGC 4848 71.36 9.04 9.24
GMP 4060 18.26 8.21 8.30
IC 4040 76.48 13.56 13.83
IC 3949 17.41 10.30 10.48
GMP 3779 19.23 7.82 8.00
GMP 3071 24.76 8.89 8.97
GMP 4232 22.79 8.07 8.26
NGC 4911 43.64 8.31 8.67
GMP 2923 11.81 8.56 8.74
GMP 3016 10.41 9.27 9.46
GMP 3271 8.98 7.59 7.68
NGC 4858 34.85 8.99 9.26
NGC 4853 15.91 7.96 8.14
GMP 4629 8.56 7.94 7.94
GMP 4570 8.63 7.97 8.07
GMP 4555 181.51 9.25 9.44
NGC 4854 32.02 8.09 8.32

3.5 Contour maps

The next crucial step in our analysis was to visualize the galaxies in a way that would allow
for more precise measurements. Utilizing the previously calculated background noise levels
obtained via sigma-clipping (see Section 3.4.1), we were able to de�ne the boundaries of
the galaxies using speci�c contour levels. We de�ned a �eld of view of 50� 5 0 for our
cropped LOFAR images and established isophotal contours based on the speci�c local
RMS noise level calculated for each galaxy. The levels of countours are de�ned as

Ci = n i �RMS; (3.7)

where ni is the value of the i-th contour, and RMS is the calculated background noise value.
We selected two different base levels to show the faintest parts of the galaxy. The �rst

version starts at a threshold of 2�RMS, while the second starts at 4�RMS.
For better analysis and visualization, we zoomed in on our galaxies in Figure 4.5 and

displayed six logarithmic contour levels for each galaxy, starting at

2�RMS (2, 4, 8, 16, 32, 64)

4�RMS (4, 8, 16, 32, 64, 128)
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For this procedure, including �eld zooming, calculating and outlining contours, we
used a python-based script implementing equation 3.7, together with contouring routine
for image visualization. As a result, these images can be seen in Figure 3.3 and Figure 3.4.

Following the same methodology, we generated contours for the smoothed data for
comparison. The results can be found in Figure 4.6 and Figure 4.7 in Appendix.

3.5.1 Overlays on optical images

Using the CDS HiPS2�ts service in Python, we retrieved optical images of all 18 galaxies
from the Legacy Survey (Dey et al. 2019) and overlaid them with radio contours to compare
the optical and radio regions. All images can be found in the Appendix Figure 4.8 for
the 2�RMS version and Figure 4.9 for the 4�RMS version. Figure 3.2 shows an example
overlay image for the galaxy NGC 4848.

Figure 3.2: Overlaid galaxy NGC 4848 with 2�RMS radio contours




	Desky
	Titulní strana
	Bibliografický záznam
	Bibliographic Entry
	Abstrakt
	Abstract
	Oficiální zadání
	Poděkování
	Prohlášení
	Contents
	List of Notations
	Introduction
	Radio astronomy
	Electromagnetic spectrum
	Radio band

	LOFAR - Low Frequency Array
	Science with LOFAR
	Project LoTSS


	Jellyfish galaxies
	Ram-pressure stripping
	Radio continuum component

	Coma cluster

	Data analysis
	Software and scripts
	Datasets
	Regions of jellyfish galaxies
	Noise estimates
	Methods

	Contour maps
	Overlays on optical images

	Radio continuum properties of galaxies
	Integrated flux densitites
	Projected tail length
	Projected width


	Comparison with H data
	Comparing integrated flux densities
	Comparing tail length

	Conclusions
	Appendix

