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The Programme in a Nutshell
o you are interested in the programme
condensation, novel techniques used study
S“Experimental
Physics” here at Utrecht
complex materials down to the atomic level,
University? Excellent! The Experimental
Physics programme offers access to an exciting range of topics at the intersections and
extremes of modern science including: elementary particles, self-organizing complex
structures, biophysics, nano-Kelvin cold
condensates and nano-photonics. In mastering
this
demanding
programme, you will gain
an deep understanding of
current hot topics in physics research and the stateof-the-art
experimental
setups needed to study
these topics.
During your studies we that is Programme Director
Prof. Raimond Snellings
(top), Programme Coordinator Dr. Gerhard
Blab, and the student ambassadors - will be
there to help with all small and not-so-small
problems you may encounter. The procedures of applying and following the programme are actually quite simple, or at least
not much more difficult than solving a discrete logarithm, in this booklet we want to
offer you some information about the programme and its research groups, the general
layout of this master's programme, and give
you a head start by answering some frequently asked questions.

or even sub-atomic particles, and microscopy techniques that allows you to follow
biological processes on a nm scale. Hand-inhand with these experimental methods, you
will also learn to apply advanced data analysis techniques and computer modelling.

About Experimental Physics

Free Electives
An additional 15 EC of the programme consists of courses referred to as ‘secondary
electives.’ You may chose any course offered
by the Graduate School of Natural Sciences
(GSNS) to deepen or widen your study. With
permission from the programme director
you can even venture outside our school to
explore, for example, adjacent subject in the
Geo- or Life sciences. If you are so inclined,
you can also obtain these credits by performing a short (3 month) internship at another university or in a company.
Secondary electives may also be used to
make up for deficiencies (small gaps in basic
proficiencies).

Experimental Physics is a field that offers
both scientific and technological challenges.
You will learn about the scientific theories
that describe the world around, and be
trained in the design and use of advanced
instrumentation, or computer simulations,
which are needed to test them.
This Master's programme offers courses
with a strong link to the research carried out
by experimental research groups in the Department of Physics and the Debye Institute
of Nanomaterials Science. As a student in
Experimental Physics, you will gain hands
on experience with the latest technologies in
e.g. laser cooling to study Bose-Einstein
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General Layout of the Programme
As you might infer from its name, the programme has a strong focus on the experimental aspects of physics and thus half of
its 120 EC are used for a research project that
you will undertake during your second year;
But before you can go ahead working on your
Nobel Prize-worthy work, you first have to
master the theoretical foundations of Experimental Physics!
Required Reading
The largest chunk of your course work (45
EC) is meant to guide you towards one of the
three directions embodied by the research
groups in the programme: Particle Physics
(PP), Atomic and Molecular Optics (AMO also known as Nanophotonics), and Soft
Condensed Matter and Biophysics (SCMB).
The programme is not officially split into
‘tracks,’ but on the last page of this booklet
you can find a table indicating to which of
these tracks we think that the mandatory
courses and primary electives belong.
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Research Project
The second half - and second year - of your
master's study is dedicated to a research
project in one of the research groups participating in the programme. The groups are
introduced later in this booklet.
The project is split into two parts; at the end
of the first part (15 EC) there is a intermediate evaluation (pass/fail, or if you will
go/no-go). The second part ends with a
thesis describing your research.

Mandatory
Courses
22 EC
Primary
Electives
23 EC

Research
Project

60 EC

in 2 parts: 15 EC + 45 EC

Secondary
Electives

15 EC

optional:
Profile
30 EC

Honours Programme
In case you are looking for an extra challenging curriculum, you have the option to apply for our honours programme, which in
effect is a three-year, double master's Experimental Physics & Nanomaterials. If you
are interested, please make an appointment
with the programme coordinator!
Profiles
If all those possibilities confuse you, then
here is one more: for the last few years we
have developed short (30 EC) ‘profiles,’
which are sets of theoretical and practical
courses that will give you a chance to venture
outside the realm of physics, but which follow one common thread or concept. Successfully finishing a profile will be recorded
on your diploma. There are currently three
such profiles; these profiles have several
things in common: (i) you need to apply and
be accepted into the profile by its coordinator, (ii) they are meant to be finished within
the total course load of the programme which essentially means that you lose the
right to chose your secondary electives, and

(iii) your thesis research is similarly
shortened or modified to allow you to do interdisciplinary research or teach in a school.
We currently offer the following three profiles:
Complex Systems
An interdisciplinary profile for ambitious
students from different Master’s programmes, who want to work on modelling
systems within the field of Complex Systems. This profile gives you the opportunity
to broaden your view and knowledge from an
interdisciplinary angle and widens your opportunities for further development. It
provides you with valuable transferable
skills for a career in interdisciplinary fields.
Applied Data Science
Applied Data Science is a multidisciplinary
profile for students who are not only interested in broadening their knowledge and
expertise within the field of Data Science,
but are also eager to apply these concepts in
relevant projects within their research domain. You will investigate data science
methods and techniques through case studies and applications throughout the life sciences & health, social sciences, geosciences,
and the humanities. Therefore, to apply for
this master’s profile you should have an affinity for this multidisciplinary approach.
Educational Profile
If you are passionate about sharing your
knowledge, and you would consider a career
as a teacher in secondary education, this
profile might be right for you.
If you have already completed an ‘educational minor’, or if you obtained a second
degree (i.e., a limited teaching degree allowing you to teach until 9th grade) in
teaching elsewhere, your educational profile
will lead to a first degree teacher certificate.
The educational profile is primarily targeted
towards teaching in the Dutch school system
and, by default, the courses and the internships are in Dutch. However, limited placement
opportunities
in
bilingual
or
international schools will be available.
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Soft Condensed Matter & Biophysics
SCMBF are actually two groups - Soft Condensed Matter (SCM) and Molecular Biophysics (MBF) - located on the Ground Floor
of the Ornstein Building. They are part of the
Debye Insitute of Nanomaterials Science.

strongly synergistic approach.
Our research group brings together experts
in the synthesis of new colloidal particles, in
characterizing the particles and their
(quantum) response on a single particle
level, in studying and manipulating their self
assembly in a wide range of conditions, in
developing computer algorithms to "track"
the particles in 3D microscopy data, as well
as in developing models for their self assembly that can be explored using computer
simulations.

Molecular Biophysics (MBF)

colloid.nl

Soft Condensed Matter (SCM)
The emphasis in the Soft Condensed Matter
group lies on the development and characterization of new model colloids and the
quantitative 3D real-space analysis and manipulation of their self-assembly. Motivation comes both from the use of these
systems as condensed matter model systems, and from their use as advanced materials
in
applications
like
photonic crystals
and electronic-ink.
In
addition
to
electron
microscopy and spectroscopy
techniques,
we
perform computer
simu-lations and
theory
on
soft
condensed matter
systems and try to
bring these together with the
experiments in a
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The Molecular Biophysics group has
a strong multi-disciplinary character that is based on the group’s
long-standing
background
in
fluorescence spectroscopy. About
fifteen years ago, the first steps were made
to extend the fluorescence spectroscopy
work to the microscopic level. This resulted
in the current programme that focuses on
the application and development of novel
fluorescence spectroscopy-based imaging
methods as well as the characterization and
development of luminescent labels. The
mission of the group is to develop and exploit
fluorescence
spectroscopy-based
techniques in microscopy. In our vision the
future of fluorescence microscopy lies in the
combination of fluorescence imaging and
spectroscopic techniques. The novel imaging
methodologies
under
development in the group
utilize
advanced
light sources, nonlinear
excitation
methods and contrast
based
on
fluorescence
spectroscopy.
The technical developments by the
group are to a
great extent driven
by biological and
biophysical problems which cannot
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be imaged with conventional techniques.
Fluorescence spectroscopy relies on the
ability to incorporate luminescent molecules
in a chemically specific way into the sample.
Moreover, the application of spectroscopic
contrast techniques requires knowledge of
their photophysical characteristics. For these
reasons the group also works on the characterization and development of luminescent
labels. Conventional organic dyes are studied
and characterized spectroscopically. Importantly, a number of collaborations were
started that use novel luminescent particles
such as quantum dots and dye-doped colloids as labels. Both types of luminescent
particles offer interesting perspectives for
use in imaging experiments.

Courses
EX-417/419M Physics and Application of
Light- and Electron Microscopy
HC Gerritsen, M van Huis, GA Blab
This combo of lecture ("Physics") and
practical ("Application") is meant to get
students of both Natural and Life
sciences acquainted with the theory
behind, and the application of, modern
microscopes.
TP-432M Modelling and Simulation

Recent Theses
Strategies for Signal Optimization and
Bleaching Reduction in STED microscopy
Jacob Seifert (supervisor: HC Gerritsen)
Super resolution techniqes - methods that
allow to truely resolve structures below the
optical resolution limit of a confocal
microscope - usually require rather extreme
imaging (long times, high excitation
intensities) to obtain their goal. Using both
simulation and experiment, we explore
which conditions allow for high quality
imaging, while at the same time minimizing
damage to the studied sample.

M Dijkstra, and L Filion
An important aspect of physics research is
modeling: complex physical systems are
simplified through a sequence of controlled
approximations to a model that lends itself
for computations, either analytic or by
computer. In this course, the origin of a
number of widely used models will be
discussed. Insight into these models can be
obtained through a number of ways, one of
which is computer simulation. During the
course, simulation methods for these models
will be discussed in the lectures as well as in
computer lab sessions.
Prerequisite:
Elementary
programming
skills and statistical physics.
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Nanophotonics

T

he Nanophotonics group, which is part
of the Debye Institute of Nanomaterials
Research, studies the interaction of light and
matter on the scale of a wavelength and
below. We use light to probe and manipulate
ultracold atoms, to image objects through
scattering materials, to track and trap
nanoparticles in complex flows, and to
characterize and modify material surfaces.
We aim to deepen our knowledge of these
complex interactions to enable applications
in the areas of sustainability and life
sciences.

Ultracold Atoms and Photons
The interaction of laser light with atoms can
be used to cool and trap atomic gases to
nanokelvin temperatures, and then to excite
and non-invasively study the trapped gas. In
our laser cooling and trapping experiments
we are able to study quantum
phenomena such as Bose-Einstein
condensation
and
reveal
subtle
oscillations of the condensed atoms.
Bose- Einstein condensation can also
occur in the photon gas itself, and we
study
light-matter
and
light-light
interactions in such condensates.
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New nonlinear photonic systems
The non-linear response of atoms and
semiconductor materials could be an
important ingredient in energy-efficient
optical communication and information
processing systems. We study this highly
complex nonlinear response in a variety of
systems including photonic crystals and
atomic vapors. While most nonlinear
phenomena require high powered pulsed
lasers, in finely tuned photonic crystal
resonators we observe strongly nonlinear
behaviour at microwatt laser powers.
Controling Scattered Light
Random scattering of light by small particles
is what gives paper its opaque white color,
and what makes it difficult to see objects
inside a glass of milk or inside biological
tissue. In most cases such a scattering
material
makes
imaging
of
objects
impossible. We have pioneered methods to
focus and image through scattering
materials by adapting the phase of the
incident laser light, allowing us to obtain a
sharp image of hidden objects. Key to this
work are correlations in the scattered light,
which carry information even if it seems that
scattering fully randomized the light field.
Intense Light-Matter Interaction
High energy laser pulses drastic changes in
matter, temporarily turning insulators into
conductors or vice versa. We use such
pulses to temporarily or permanently
change the properties of surfaces and of
photonic crystals. In laser ablation the
change is even permanent as part of the
material evaporates in an industrially
relevant process that has fascinating
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multiple time-scale dynamics, which we
study using several modes of time-resolved
imaging.
Nanoparticle Tracking and Trapping
Many chemical and biochemical reactions
happen at the surface of nanoparticles or
nanosized protein complexes. By tracking
these
objects
using
scattering
and
fluorescence we aim to learn more about
their
behaviour
even
as
they
are
participating in reactions. This tracking and
trapping
technology
may
also
find
applications in medical diagnostics.

U-Fab

Sanli Faez

The Ornstein laboratory hosts a
rapid-prototyping facility (3Dprinter, laser cutter, blade
plotter, CNC) where students
and staff can build their own models and
experiments. The mission of the "Fab Lab" is
to build an open-collaboration platform. We
hope to build a local community of all those
creative and enthusiastic people who like to
learn modern physics through experiments.
Contacts:
Sanli Faez @ FabLab
Gerhard Blab @ BlabLab

s.faez@uu.nl
g.a.blab@uu.nl

Gerhard Blab

The LinXscope contains parts made in
the Ornstein Fab Lab - if you have a fun,
programme-related
(or
at
least
-adjacent) project in mind, please
contact Sanli or Gerhard!

Recent Theses

Courses

Superresolution Ptychography

NS-EX418M Photon Physics

Vasileios Gouliaditis (Supervisor: AP Mosk)

P van der Straten, AP Mosk

Ptychography is an efficient technique for
reconstructing complex objects by capturing
a set of diffraction patterns and using an
iterative phase retrieval algorithm. With the
help of a set of diffraction images in place of
a
single
measurement,
the
method
introduces an increased redundancy into the
acquired data and thus has shown improved
imaging performance beyond the limit
defined by its optical elements. In this
project, we focus on developing a reflection
based microscopic ptychography setup with
resolution beyond the NA limit of the optics
by making use of a-priori information.

Wave properties of light; quantum properties
of atoms, spontaneous emission, line width;
energy levels and radiative properties of
molecules, liquids, and solids: absorption,
stimulated emission, Einstein coefficients,
detailed balance; laser amplifier: population
inversion, threshold, rate equations, optical
pumping, particle pumping; laser resonators: cavity modes, stability, Gaussian
beams, Q-switching, mode-locking, selfphase modulation; examples of lasers: Tisapphire laser, diode laser, fiber laser; nonlinear optics: second harmonic generation,
self focusing, phase matching. Capita
selecta: laser cooling, optical lattices,
confocal microscopy, ultrafast dynamics of
photonic crystals.
page 7

Master's Programme "Experimental Physics"

Sub-Atomic Physics (SAP)
Would you like to find out what are the new
states of matter at exceedingly high density
and temperature and what could be their
connection to the early universe? This is one
of the questions we are trying to answer at
the Institute for Subatomic Physics (SAP),
located on the second floor of the Ornstein
Building.

The research focus of the SAP group is to
understand
Quantum
Chromodynamics
(QCD), the theory of the strong force, which
is one of the pillars of the Standard Model of
Particle Physics. In particular, the research
area is experimental heavy-ion physics at
the Large Hadron Collider (LHC) at CERN.
The LHC is the world's most powerful
particle accelerator, installed in a 27 km circumference underground ring straddling the
border between Switzerland and France near
Geneva. The group is part of one of the four
major scientific collaborations of the LHC,
called ALICE that stands for "A Large Ion
Collider Experiment''. The ALICE collaboration was established in 1992 and the Utrecht
group joined in 1994.
Currently ALICE consists
of about 1,800 physicists
(including about 300 PhD
students), engineers and
technicians from 174 institutes in 41 countries
around the world.
The main aim of our
group is to investigate
new states of nuclear matter at high temperatures and densities. One of our primary
motivations for this effort is the creation of
the quark-gluon plasma (QGP), a state of
nuclear matter that pervaded the early uni-
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verse in the first few microseconds after the Big Bang.
Within a QGP, quark and
gluon degrees of freedom are not any more
confined inside hadrons (e.g protons, neutrons). This so-called strong phase transition
from normal nuclear matter to a QGP takes
place beyond a critical energy density (of
around 0.5~GeV/fm3, about 4 times larger
than the nuclear density) and temperature
(of 155 MeV or 1012 degrees, about 100.000
hotter than the core of the Sun) based on
lattice-QCD calculations. These conditions
can be reached in a controlled way in the
laboratory by colliding two heavy ion beams
e.g. lead on lead (Pb-Pb) accelerated almost
at the speed of light. These highly Lorentz
contracted (the Lorentz factor of around
2500 at the LHC) ions collide and create a
soup of quarks and gluons that form a collective medium that expands and flows like a
relativistic hydrodynamic fluid whose properties we are trying to constrain. Eventually
the QGP being short lived (exists for around
10fm/c or 10-21 sec, a fraction of a zeptosecond), dissolves and forms final state
particles that stream freely to a state-ofthe-art detector system, such as the one we
use at ALICE, that surrounds the collision
point. The ALICE detector stands 16 meters
tall, 16 meters wide and 26 meters long, and
weighs approximately 10.000 tons. This
system is capable of detecting the vast majority of particles produced in a typical
heavy-ion collision at the LHC e.g. at the
highest
centre-of-mass
energy of √sNN = 5.02
TeV more than 20000
particles are being emitted from the interaction
region in a Pb-Pb collision. From the analysis of
data of heavy-ion collisions during the last
couple of decades we have
already a pretty good idea of what the QGP,
is: a hot and dense system that behaves as an
almost perfect liquid as reflected in its exceptionally small value of the specific viscosity. However, this is not the end of the
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story since we just started to scratch the
surface. Our physics ambitions and research
activities continue: we enter the era of precision measurements in the field of heavyion physics, an era that will allow us to put
stringent constrains on various properties of
this primordial state of matter. Improving
this knowledge might have profound implications on our understanding of how the
early universe evolved but could also have
connections with cosmological objects such
as neutron stars where in the interior a cold
QGP is expected to be formed. These improvements will come by developing clever
and innovative analysis techniques and by
further improving our detectors. Our group
is currently leading the upgrade of one of the
major detectors of ALICE, the Inner Tracking
System or ITS. This activity is being pursued
at Nikhef (the national institute for subatomic physics) in Amsterdam and gives the
possibility to students to get involved in
testing and controlling state of the art detectors that will be used by the LHC experiments in the following years.

Recent Thesis
Open Heavy-Flavour Production in HighEnergy Proton-Proton and NucleusNucleus Collisions At CERN-LHC Energies
Luuk Vermunt (Supervisor A Mischke)
All of the matter we observe in today’s universe is made up of atoms, the first reference
to which atoms came from the ancient Greek
philosophers (ατομον "uncuttable", "indivisible"). Today we know that these indivisible
atoms are actually composite.
In this thesis, a measurement of the production cross section of the D*+ meson (a heavy
particle containing the charm quark) with
the ALICE detector is performed. The ALICE
experiment, one of the four main experiments located at the LHC, is a dedicated experiment for the study of the quark-gluon
plasma. Recently collected data samples,
containing the data of hundreds of million
proton-proton, proton-lead, and lead-lead
collisions, can help to shed light on the open
issues.

Courses
EX-404M Particle Physics II
P. Christakoglou
The Dutch ALICE group consists of physicists
from Utrecht University and from Nikhef. It
is one of the most productive groups within
ALICE with key contributions at various
levels of the collaboration e.g. physics coordinator, physics group conveners, editorial board and conference committee
members. The SAP group has a long experience with teaching and personal supervision
of students within an informal and collegial
atmosphere. We offer a broad range of experimental topics within an international
research environment. Our students are very
successful (more than 80%) in getting a PhD
position in the field of heavy-ion and
particle physics. The remaining percentage,
profiting from the skills acquired during the
MSc years, continues either in industry or
somewhere else (e.g. government).

This course is a natural continuation of
Particle Physics I and allows to complete the
Standard Model of particle physics by
examining the theory that describes the
strong interactions, Quantum Chromodynamics or QCD. The students are
introduced to symmetries and group theory,
after which we dive in the world of QCD: we
derive the Lagrangian density of the theory
from where we discover the Feynman rules
that allow us to calculate cross sections of
various processes. The course introduces
how coloured objects, such as quarks and
gluons, interact through colour factors
before focusing on two of the most profound
features
of
QCD:
confinement
and
asymptotic freedom. During the lectures, a
direct connection between theory and
experimental results from e.g. deep inelastic
scattering experiments is clearly made.
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Research Institutes

I

n addition to the research groups above,
you can choose other research facilities in
the Netherlands (or even abroad) for your
research project.

Debye Institute
At the Debye Institute for Nanomaterials
Science, chemistry and physics meet in the
study of materials at the nanoscale. The institute specifically focusses on three themes:
Catalysis, Colloid Science
and
Nanophotonics.
The
institute is named in
honour of a true pioneer of the physical
chemistry / chemical
physics field: Dutch
scientist and Nobel
laureate Peter Debye
(1884-1966).
The researchers in the
Debye Institute seek to apply fundamental
knowledge and the results of the applied
research to achieve a sustainable society,
and to provide both master's students and
PhD candidates with high-level education,
integrating experiments, theory and computer simulations in a multidisciplinary approach.
In addition to the SCMB and Nanophotonics
groups described earlier, the Debye Institute
consists of a number of chemistry groups
focussed on nanomaterials. For you thesis,
you are free to choose project from any of the
groups - physics or chemistry - from the
Debye Institute.
Research Outside the University
Our programme is also closely connected to
two research institutes at the Amsterdam
Science Park: the Dutch institute for subatomic physics (NIKHEF), and the institute
of atomic and molecular physics (AMOLF),
the latter being a renowned center of biophysical research. Please be aware that for
every research project outside Utrecht University, you still need two examiners from
within the UU to grade your thesis!

The research groups in the
Debye Institute focus on
shared themes: catalysis,
colloids, and nanophotonics.

Programme Ambassadors

The
programme
has
two
student
ambassadors this year: Amber and Bart.
When not reading Douglas Adams novels
(Bart) or working in numerous internships
(Amber),
they
help
the
Programme
coordinator in representing the programme
at our Open Days, on school visits or at fairs
in the Netherlands. In the first few weeks of

Hi there, I am Bart, your
friendly
neighbourhood
nerdy metalhead. I am currently working on my master thesis at the photon
physics group here in
Utrecht and will be a student ambassador for Experimental Physics this year.
In the past I've work in a metric ton of committees, an experience I can recommend to
anyone.* Another experience I can recommend is skydiving, but make sure there are
no spaceships with an infinte improbability
drive near, since you don't want to turn into
a whale.#
If you have any question about whatsoever
this year, don't hesitate to ask!

*
#
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this claim is rated at 2.718 μLenat
odds are 8'767'128 to one against
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Courses
www.nikhef.nl

EX-416M Particle Physics I
dr. W. Huisbergen (Nikhef)

amolf.nl

the year they will also guide prospective
students - that is you! - and act as your
contact point for all small problems and
complaints.
The programme also has its own WhatsApp
group chat which is administered by the two
ambassadors.

Hi everyone, I'm Amber,
currently second year student Experimental Physics
and one of your student
ambassadors! I'm excited to
help you out with any questions you may have this
year. Me and Bart have both
tried out a lot of courses this past year, so we
have great inside information... After finishing up some retake courses at the TU/e, I'm
hoping to start my master thesis in the
photon physics group starting November.
About the master program you are about to
start: it all depends on the courses you
choose; some will be easy and some hard.
Being able to discuss ideas with your classmates will save you about half the work,
though! What I'd recommend most is that
you enjoy yourself! Remember, this is one of
the final steps before you start working and
your life is over ;)."

The lectures start with an overview of the
history of particle physics. After that
scattering theory is introduced at the hand of
Fermi's golden rule leading to a prescription
for the calculation of cross sections and
decay widths using Feynman diagrams. The
scattering theory is then applied to the case
of quantum electro-dynamics, first for
spinless particles and then for particles with
spin. The weak interaction is discussed
leading to the calculation of the muon decay
width. We introduce the concept of local
gauge invariance to describe the unified
electro-weak interaction. The last part of the
lecture
is
dedicated
to
Electroweak
symmetry breaking (the Higgs mechanism)
and
experimental
and
theoretical
discussions on the Higgs boson.

FAQ
What are the requirements to be accepted
into the programme? In addition to a solid
knowledge of basic physics and maths, we
ask for advanced bachelor level skills in
Quantum Mechanics and Statistical Physics,
as well as knowledge of Subatomic Physics,
Solid State Physics and (Soft) Condensed
Matter Physics on a general bachelor level.
Is the course XXX at my university sufficent
for your programme requirements? There is
no easy answer to this; level (or year) 2 and 3
courses from a research university should be
sufficient; if in doubt, contact the programme director and attach a link to the
course curriculum of your school.
If I did not follow one of the courses above
in my bachelor, can I still apply? Yes! There
are actually two ways to make up for what we
call 'deficiencies': if there are at most two,
you can follow an advanced level bachelor
course on that topic and have it count as an
elective. The cleaner way is a custom tailored
pre-master (up to one year) in which you remove the deficiencies. After successful completion, you are automatically accepted into
the programme.
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Nikhef course (Amsterdam)

Utrecht course

OSIRIS Onderwijscatalogus

Programme website

Looking for a course?
Utrecht: OSIRIS http://tinyurl.com/3e9yo35
Amsterdam: Datanose http://tinyurl.com/yc7nz3gx
Questions or Complaints?
Coordinator: Gerhard A. Blab, Ornstein 057
030/253 2409 or coordinator.exph@uu.nl

Datanose (Amsterdam)

