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Timeline 
Fall 2014:  
• Preparation and orientation 
• Pre-selection of research topic 

Jan 2015:  
• Formal selection of research topic & supervisor 
9 Feb – 30 June 2015:  
• “Full-time” research 
• Writing up the report 
• Presenting the results 



Schedule on the Website 
http://home.strw.leidenuniv.nl/~brandl/BO/Bachelor_Onderzoek.html 



Research Project 

• This will be hard work for 5 months – take it 
seriously from the start! 

• Traditionally done in groups of two (except dual BSc) 

• Formal supervisor has to be a staff member 

• Daily supervision can be done by a PhD student 
or postdoc 



Topics 

We will maintain/update the list of topics on the 
course website 

• Subject: stellar, galactic, extragalactic 

• Approach: theoretical, numerical, 
observational, instrumental 

• Wavelengths: radio, infrared/visible 



Research Approaches 

• theoretical, analytical 

• numerical 

• observational 

• instrumental 



Information Carriers 

• Radio (ALMA, WSRT, LOFAR, ...) 

• Infrared (Herschel, VLT, ...) 

• Visible/optical (WHT+INT, VLT, ...) 

• X-ray (XMM-Newton, Chandra) 

• Particles (HESS, Amanda) 

• Gravitational waves (LIGO, VIRGO) 



Astronomy in the Netherlands 
Main research foci: 

• Leiden: galaxies, cosmology, formation of stars and 
planets, interstellar medium, exoplanets, 
instrumentation 

• Groningen: galaxies, cosmology, star formation  

• Amsterdam: (extreme) stars, astro-particle physics, 
planet formation 

• Nijmegen: stars, astro-particle physics 



Astronomy in Leiden 

• ~ 20-25 staff, ~50 postdocs, ~75 PhD students 

• largest astronomy university institute in NL 

• among top-ten astronomy research institutes in the 
world 

• many, but not all, research areas 



Extragalactic Science in Leiden 

• Milky Way: dynamics, stellar populations 
(Brown, Portegies Zwart) 

• Nearby galaxies (ISM, starbursts, stellar 
populations) 
(Israel, van der Werf, Brandl, Brinchmann) 

• Dark matter, gravitational lensing 
(Kuijken, Hoekstra) 

• Distant galaxies, galaxy evolution 
(Franx, Bouwens, van der Werf, Schaye, 
Röttgering, Brinchmann) 

• Active Galactic Nuclei 
(Rossi, Jaffe, Röttgering, Van der Werf) 

• Galaxy clusters 
(Jaffe, Röttgering) 



Galactic Science in Leiden 

• Formation of stars and planets 
(van Dishoeck, Hogerheijde) 

• Molecular clouds, dust, ISM 
(Tielens, Van Dishoeck, Israel, Brandl) 

• Exoplanets 
(Snellen, Kenworthy, Keller) 

• Laboratory astrophysics 
(Linnartz) 



Theory in Leiden 

• Galaxy formation 
(Schaye) 

• Numerical dynamics 
(Portegies Zwart) 

• Radiative transfer, hydrodynamics 
(Icke, Schaye) 

• Black holes and their surrounding 
(Rossi) 

Onderzoek aan de Sterrewacht 12 



Instrumentation in Leiden 

• Infrared instrumention 
(Brandl, Kenworthy) 

• Visible-light instrumentation 
(Keller, Stuik) 

• Astrometry (GAIA) 
(Brown, LePoole) 

• Laboratory astrophysics 
(Linnartz) 



Approaching Supervisors/Groups 

• Check out the group’s website 

• Check out some recent publications 

• Join a group meeting 

• Make a specific appointment to meet 



What to watch out for … 

• BO topic  interest 

• Scope of the project (tools, literature, data, …) 

• Availability of supervisor(s) 

• Project timing  group deadlines 

• Working environment 

• …. 



Project 1 

. 

Supervisor: Harold Linnartz 

Broadband cavity enhanced absorption spectroscopy and the 
secret of the diffuse interstellar bands.  
 
In the Sackler Laboratory for Astrophysics we have a BO project 
available for a student A, N or A/N to use a running setup ('BB-
DIB') to search for carriers of the so called diffuse interstellar 
bands. The research involves the use of vacuum technology, 
plasma expansions, and broad band optical spectroscopy. The 
students job is to help in recording spectra and to compare results 
with the known DIB positions.  



Project 2 

The variability of Centaurus A at radio frequencies 
 
The aim of this project is to investigate the known variability of 
the supermassive black hole nucleus of the nearest radio galaxy 
Centaurus A at high radio frequencies (20 - 400 GHz), and its 
effect on the spectral index - an important clue to its nature. 
Practical work involves reduction and analysis of five sets of 
short observations with the Australia Telescope (ATCA) on five 
frequencies (20-100 GHz), using both the AIPS and MIRIAD 
reduction packages.  

Supervisor: Frank Israel 



Project 3 

. 

Supervisor: Frans Snik/Christoph Keller 

Quantitative spectroscopy with the iSPEX smartphone add-on.  
 
The iSPEX add-on for smartphones has been developed to enable 
citizen science measurements of atmospheric aerosol properties 
through polarimetric observations of the blue sky. The unique 
implementation of the iSPEX optics makes that it is also a 
spectrograph. It will be your job to calibrate the iSPEX add-on and 
the smartphone to enable quantitative spectroscopy, much in the 
same way as the calibration of major spectroscopic instruments at 
large telescopes. The end goal is to show the applicabilty of 
spectroscopic iSPEX measurements for a multitude of interesting 
applications; e.g. color measurements of lamps, paint, water, etc. 



Project 4 

. 

Supervisor: Tim Shimwell/Huub Röttgering 
Low frequency radio observations of a galaxy cluster.  
 
Radio emission from the intracluster medium was recently 
discovered in the galaxy cluster Abell 1550. This type of emission 
very rare and is thought to be caused by shocks and turbulence 
accelerating intracluster electrons to produce substantial 
synchrotron emission. In this project we will conduct the first 
study of the very low frequency radio emission from this cluster. 
Our aims will be to a) learn the aspects of radio astronomy that are 
required for challenging low frequency radio observations; b) 
refine the procedure used to produce high quality radio images; c) 
interpret the observed cluster radio emission. 



Project 5 

. 

Supervisor: Michiel Hogerheijde  
ALMA observations of protoplanetary disks 
 
Newly formed stars are surrounded by disks of gas and dust. 
Inside these disks, planetary systems are thought to form. The 
Atacama Large Millimeter / submillimeter Array (ALMA) is ideally 
suited to study the cold gas and dust for signatures of planet 
formation. In this project the students will calibrate an ALMA 
data set of one or more protoplanetary disks, reconstruct the 
image cube, and analyse the continuum emission from the dust 
and the line emission from the gas. We will look at the structure 
and kinematics of the disk, and compare this to theoretical 
expectations. 



Project 6 

. 

Supervisor: Walter Jaffe 

Design a dispersion corrector for a MATISSE Fringe Tracker 
 
To remove atmospheric fluctuations from interferometric 
observations we to correct the chromatic effects in 
refraction.. The project will study the chromatic effects of 
different atmospheric components, and propose hardware 
solutions to remove them. 



Project 7 

. 

Supervisor:  Ignas Snellen 

Probing the varying sky with the Multi-site All-Sky CAmeRA 
MASCARA 



Project 8 

. 

Supervisor: Jarle Brinchman  
The sizes and abundance of ultra-faint galaxies in MUSE 
datacubes 
The MUSE instrument on the VLT has just entered operations and will 
be used in part to observe ultra-faint galaxies out to z~6.5. In particular 
the 30 hour exposure we have on the Hubble Deep Field South gives us 
an unprecedented view of the very faint and distant galaxy population 
and it allows us to see extended emission around galaxies - this is light 
coming from emission lines that extend further than the stellar light of 
the galaxies. The main goal of this project is to determine what fraction 
of galaxies show this extended emission and how this correlates with 
basic properties of the galaxies. Are these halos of extended emission 
associated with starburst galaxies, or maybe post-starburst galaxies? 
To do this it is necessary to find the objects so to test and possibly 
develop/improve methods to find objects in the MUSE data cubes and 
thereafter to measure the extent and estimate the basic physical 
parameters of the galaxies (if not available from other sources).  



Project 9 

. 

Supervisor:  Henk Hoekstra 
Search for strong lensing by the BCG in low redshift galaxy 
clusters. 
Strong gravitational lensing provides a direct measurement of 
the enclosed mass on the scales probed by the lensed images. 
For low redshift clusters these images probe small physical 
scales. As a consequence the brightest cluster galaxy (BCG) 
complicates finding the strong lensing cases, but with high-
quality data the light from the BCG can be subtracted. We have 
collected data for a large sample of nearby clusters and the aim 
of this BO project is to model the BCG light and find strong 
lensing cases. These can then be used to select the best 
candidates for follow-up and detailed modelling. 



Project 10 

.  

Supervisor: Massimo Viola/Koen Kuijken  

Discovering galaxy groups and clusters in the KiDS data  
 
In this project the student will look for galaxy groups and 
clusters using mainly optical images from the Kilo Degree 
Survey. The primary goals will be to confirm small groups 
candidates already identified using spectra from the GAMA 
survey and to find more systems at higher redshifts. Some 
preliminary cluster catalogues will be available at the time the 
project will start. If time will allow it, the student will also be to 
measure the luminosity and the stellar mass content of the 
groups/clusters and their masses using weak gravitational 
lensing.  



Project 11 

Simulated annealing for drift scanning: a new thermal 
background subtraction technique  
This project is related to background calibration techniques for 
METIS (E-ELT). Drift scanning is an approach to remove the high 
thermal background, due to the sky and telescope, from an 
observation without chopping or nodding with the telescope. Drift 
scanning moves the source across the detector by moving an 
internal mirror in METIS. Due to this movement we can deduce 
several aspects of the observation such as the background level 
and the flat field of the detector. The goal of this project is to use 
certain algorithms to retrieve the background level and flat field 
without the knowledge of what is observed. 

Supervisor: Stephanie Heikamp/Christoph Keller 



Project 12 

.  

Supervisor: Martin Børstad Eriksen/Koen Kuijken  
Photometric redshifts  
The accelerated expansion of the universe is an open question, which 
potentially can be caused by dark energy, modified gravity or another 
form of unknown physics. To understand the expansion observers 
perform large galaxy surveys, probing the properties of dark energy and 
dark matter through galaxy clustering, redshift space distortions (RSD) 
and weak lensing (WL). The KiDS galaxy survey (Pi K. Kuijken, Leiden) is 
an ongoing lensing survey with a large contribution from the Leiden 
cosmology group. To extract cosmological information, one need to 
determine the galaxy distance. Because the number of galaxies required 
for a lensing survey, spectroscopy is infeasible. Instead lensing surveys 
rely on measuring the galaxies in multiple broad band and estimate low 
resolution distances using algorithmic techniques (photo-z). The student 
is expected to work on photo-z, focusing on improving the performance 
and understanding of the distance determination on KiDS data.  



Project 13 

.  

Supervisor: Simon Portegies Zwart  

What is the time scale on which external enrichment on a star 
diffuses throughout the star or is blown away in the wind. 



Project 14 

. 

Supervisor: Jorryt Matthee/Huub Röttgering 
Searching for extended Lya haloes in KiDS  
In this project, the student will search for Lyman alpha haloes at 
redshifts z~2-3 using broadband ugr data from the KiDS survey. Lyman 
alpha (Lya) haloes are among the largest individual structures in the 
Universe, the largest being ~100 kpc, and are also very luminous (~1044 
erg/s). The nature of these haloes is enigmatic and it is still uncertain 
what is the powering source, which could be either AGN, high star 
formation or even large gas inflows. Lya haloes are detected around high 
redshift radio galaxies, but are also blindly found using narrow-band 
surveys. A major limitation is the current sample size, which originates 
from the limited probed volume by narrow-band surveys. Because the 
Lya haloes are so bright, they are even visible as blue, extended sources 
in broadband data. By using the optimal combination of survey depth 
and area provided by KiDS, this project will be a major step forward in 
terms of probed volume and can lead to discoveries of new Lya haloes. 



Project 13 

. 

Supervisor: Frans Snik/Christoph Keller 

Polarimetric upgrade of a hyperspectral imaging instrument  
 
Commercial remote-sensing instruments often only measure 
(part of) the spectral information for a given scene, while also 
the polarization of the collected light contains crucial 
information. You will work with us and a consortium of industrial 
partners to develop a polarimetric upgrade to a state-of-the-art 
hyperspectral imaging system. You will design and test the 
opto-mechanical system, perform calibrations, develop data 
reduction routines, and perform the first hyperspectro-
polarimetric imaging measurements ever of various scenes, 
particularly in the context of Crime Scene Investigation.  



Project 14 
Suitability of the material KBr as a instrument/cryostat window 
Cryostats for astronomical instruments need windows to allow the 
signal to enter the instrument optics inside the vacuum vessel. However, 
the transmission of most materials is limited to a relatively small 
wavelength range. The instrument METIS for the E-ELT requires a 
window which transmits from 1 - 22 microns. One material with the 
proper transmission peroperties is KBr, which is, however, very 
hygroscopic. Manufacturers have claimed that the crystal can be 
protected against dissolution by coating layers but this has never been 
demonstrated. This project requires a test setup for a series of 
measurements of the transmission, reflection, and homogenity of the 
KBr and possible changes with time (humidity). The measurements have 
to be done within the NOVA O/IR group in Dwingeloo and should be 
done by a single student (not a team of two). 

Supervisor: Lars Venema/Bernhard Brandl  



Project 15 

.  
Measuring the Milky Way in Brown Dwarfs  
 
Deep near-infrared surveys with the Hubble Space Telescope 
have found small brown dwarf stars far out into the outer 
reaches of our Milky Way. The project is to model the disk of 
the Milky Way using the MCMC fit program to determine the 
size and thickness of the brown dwarf disk of the Milky Way. 

Supervisor: Benne Holwerda/Matt Kenworthy 



Project 16 

The measured efficiency of the X-Shooter instrument on the VLT.  
There appears to be a mismatch between the measured efficiency 
of the X-Shooter instrument on the VLT and the sum of the 
efficiencies of all of its optical components as given by the 
manufacturers. This discrepancy could be due to non optimal 
performance of the coatings at cryogenic temperature, but also 
due to polarization effects. A setup to measure polarisation (could 
be a simple polarizer or wire grid) has to be developed to derive 
the transmission properties of witness samples at low 
temperatureto measure. The measurements have to be done 
within the NOVA O/IR group in Dwingeloo and should be done by 
a single student (not a team of two). 

Supervisor: Ramon Navarro/Bernhard Brandl  



Project 17 

.  
The size of z~8 Galaxies  
 
z~8 is only a few hundred million years after the big bang, yet 
already galaxies have formed and may have the typical 
maximum luminosity of galaxies for the next few billion years. 
The project is to measure the sizes of z~8 galaxies (selected 
based on their colors) and determine their sizes. Only a brief 
cosmic time later (z~7), we see a distribution of sizes tailing off 
to large (>kpc) galaxies. The goal is to see if this is true at z~8. 

Supervisor: Benne Holwerda/Rychard Bouwens 



Decision Time 
• Don’t panic – Everyone will get a BO project 
• Usually, projects are assigned on a “first come, first 

serve”-basis 


