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Our research focuses on the question: How did galaxies emerge in the early Universe, and 
how did they evolve to attain the enormous variety in properties we see in the present-day 
Universe? This research field is mostly driven forward through the interpretation of cutting-
edge data and requires a firm understanding of a broad range of areas in astrophysics 
(cosmology, radiation processes, stellar evolution, collisionless systems, plasma physics, …)

The following MSc thesis projects are available:

• Detect and interpret outflows of ionised gas, powered by supernovae, from galaxies
(Co-supervised by Dr. Caroline Straatman)

• Analysing photometry and spectroscopy of 10,000 galaxies in the present-day Universe to quantify their stellar populations
(Co-supervised by Dr. Francesco D’Eugenio)

• Cross-correlation clustering of high-redshift galaxies to infer their connection to the underlying Dark Matter distribution
(Co-supervised by Dr. Aaron Wilkinson)

• Construction and interpretation of dynamical models for massive, high-redshift disk galaxies and gravitational lenses
 (Co-supervised by Dr. Francesco D’Eugenio)

• Identification and characterisation of Active Galactic Nuclei
  (Co-supervised by Dr. Caroline Straatman)

Don’t hesitate to bring up your own ideas!

International mobility can be arranged through our large, international network of collaborators in Germany, The Netherlands, 
Italy,  U.S.A., Canada, Japan and Australia. 

Λ

Our research group uses the largest telescopes in the world (such as the Very Large Telescope, in Chile) and space telescopes 
(such as the Hubble Space Telescope) to observe high-redshift galaxies. We develop and apply advanced data analysis tools to 
interpret these data and reconstruct how galaxies formed and evolved in the context of the CDM cosmological model.Λ

(HδA>2), extremely young (HδA>8), and typically old
(HδA�2) galaxies, as well as young galaxies without
emission-line detections or old galaxies with emission lines.
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galaxies at larger look-back times (z > 2), which will allow us to apply our techniques developed for LEGA-C to 
reconstruct the main star formation of even the oldest galaxies.  

2) Why does the growth of galaxies decouple from the growth of their dark matter halo hosts (a.k.a. as 
‘quenching’) at some point in their evolutionary history?  

Up to z = 1 the most massive galaxies are not producing new stars at a relevant rate – their growth has halted – 
but their dark matter halos, in contrast, keep growing through merging with other halos . The leading idea for this 1

decoupled growth is that the massive black hole at the centre of a galaxy injects energy into the halo through 
launching a large-scale jet, which keeps the gas in the halo from cooling and falling onto the galaxy. As a result, 
there is no gas left in a state to fuel further star formation.  

Direct observational evidence of this process is extremely difficult to come by (see, e.g., Barisic, van der Wel et al.
2018, 2019), and most progress is made through phenomenological studies. What is clear is that not all galaxies 
reach a quiescent state by following the same evolutionary pathway. The stellar population information extracted 
from LEGA-C, in combination with structural information from HST, show that there are (at least) two separate 
channels of evolution for z ~ 1 galaxies (Wu, van der Wel et al. 2018b, 2020): 1) a dramatic change in stellar mass 
distribution through the formation of a young stellar body in the center the galaxy, followed by a rapid truncation of 
star formation; 2) a gradual decline of star formation without a change in stellar mass distribution in disk-shaped 
galaxies.  For a significant majority of other galaxies – those that already became passive (non-star-forming) at a 
much earlier cosmic time, at z > 2 – the LEGA-C data are not sufficient to resolve the star-formation history, and 
their evolutionary paths remain unknown. How is it possible that during the epoch when galaxy growth reaches its 
peak a sizeable subset of galaxy ceases to form stars? With JWST will be able to see how the the stellar mass is 
distributed in these systems, which, in combination with their star-formation histories (discussed in the context of 
the first question above), informs us about the evolutionary pathways these galaxies took.  

3) What aspects of the evolutionary history of galaxies explain the large variety in their properties?  

Galaxies with identical stellar masses can vary 
enormously in their appearance and properties: 
some rotate like disks, while some only show 
quasi-random motions. This extends to at least z 
~ 1 (Bezanson, van der Wel et al. 2018a) and 
likely beyond z ~ 2. In order explain this we 
need to connect the galaxy populations at 
different epochs (SDSS at z ~ 0, LEGA-C and z 
~ 1 and JWST at z > 2) to each other, by 
reconstructing their star formation histories while 
keeping track of changes in stellar dynamical 
structure. Figure 4 shows an example from 
LEGA-C. On the basis of hundreds such 
measurements we concluded that old galaxies 
steadily decrease their rotation from z~1 to the 
present day. Extending this to earlier cosmic 
times  is enormously challenging – even with 
JWST – but an ambitious observing program will 
be able to be make a decisive contribution by 
obtaining spatially resolved stellar kinematic 
information of galaxies at redshifts z > 2. 

 Galaxies also keep growing through merging, but at a much slower rate than during the preceding star-forming phase.1
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Fig. 4:One of >2000 stellar dynamical measurements of 
z~0.8 galaxies from the LEGA-C project (from Bezanson, 
van der Wel et al. 2018a). The black data points 
represent Doppler shifted velocity measurements w.r.t. 
the centre of the galaxy; the red data points represent 
velocity dispersions (2nd moment of velocity distribution 
of stars along the line of sight). We construct dynamical 
models to infer the total mass and degree of rotational 
support of the stellar system.
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Figure 2. Stellar rotation curves (black) and velocity dispersion profiles (red) for the 35 highest mass (logM⇤/M� > 11) quiescent
galaxies, ordered by ascending velocity. The rotational velocity is defined as the velocity of the best-fitting arctangent function at a radius
of 5 kpc from the central pixel. Rotational support can be visually estimated for each galaxy by comparing the vertical height of the gray
band with the central velocity dispersion (central red symbol).
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Figure 2. Stellar rotation curves (black) and velocity dispersion profiles (red) for the 35 highest mass (logM⇤/M� > 11) quiescent
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of 5 kpc from the central pixel. Rotational support can be visually estimated for each galaxy by comparing the vertical height of the gray
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1. Star-formation and assembly histories of galaxies

2. The puzzling lack of star formation in the most massive galaxies

3. Identify and characterise the high-redshift progenitors of present-day galaxies

The specific research topics we address are:

Research Group:


