
What is your profession?” Some-
times it requires real explanatory 

talent to answer this question intelligi-
bly. Matthias Punk can confirm that. The 
34-year-old scientist has been appointed 
professor at LMU’s Chair of Theoretical 
Solid State Physics in April 2015, where 
he explores quantum mechanics, and, 
in particular, “strongly correlated many-
body systems.”

Conducting electricity without 
resistance
“For theorists, quantum mechanics is 
above all about calculating probabilities,” 
explains Matthias Punk. “Put simply, we 
investigate what can happen if a vast num-
ber of particles interact with each other.” 
A practical example of such many-body 
systems are superconductors. Depending 
on the temperature and density of the 
charge carriers, the material conducts 
electricity either without any resistance 
or functions as an insulator or can be in 
an exotic intermediate state.
With zero resistance, the flow of electric 
current in superconductors is very effi-
cient, with practically no heat develop-
ment and no loss in energy. This is the 
reason why they are of high relevance for 
a large number of electronics and com-
munication technology applications, but 
also for strong magnets in high-resolution 
imaging techniques, such as magnetic 
resonance tomography.
While conventional superconductors 
have to be cooled to only a few degrees 
Kelvin with liquid helium, special high-
temperature superconductors already 
conduct without any resistance at “high” 
temperatures around 100 degrees Kelvin 
(-173 °C). They consist of ceramic material 
and can be cooled with liquid nitrogen, 
which is significantly cheaper and easier 
to handle than liquid helium. 

Wild arithmetic expressions
For these superconductors in particular, 
Matthias Punk and his team want to un-
derstand more precisely how and why 
the resistance changes so drastically in 
the interesting transition regime between 
insulation and superconductivity. “There 
are lots of experimental data on this so-
called pseudogap phase, but they often 
seem contradictory,” explains the physi-
cist. “We develop theoretical models for 
classifying and interpreting them.”
One of the main reasons for electrical 
resistance are impurities in the crystal 
lattice, which cause the electrons to scat-
ter. Whether that happens or not mainly 
depends on two factors:  the probability 
that an electron moves from A to B and 
the probability that it scatters off such an 
impurity. Matthias Punk has described 
his approach once to a friend as follows: 
“We add the probabilities of all possible 
paths which an electron can take on its 
way through the crystal lattice. This re-
sults in pretty wild expressions, which we 
try to compute in order to obtain detailed 
information on the resistance of a certain 
material.”

Back to Munich
Matthias Punk’s interest in quantum 
physics was aroused by the highly in-
teresting lectures of Professor Wilhelm 
Zwerger, which he attended while study-

ing physics in his home town of Innsbruck. 
When Zwerger moved on to TU München 
shortly after, Punk followed him for his 
diploma and doctoral thesis. This was 
when Matthias Punk first heard of NIM –  
with Professor Zwerger being one of the 
founding members of the cluster of excel-
lence. He then spent two and a half years 
as Postdoc at Harvard University and one 
year at the University of Innsbruck before 
he eventually received a call from LMU 
and thus returned to the familiar city of 
Munich.
“I am very happy about having been given 
the chance to do research at LMU,” says 
Matthias Punk. “The working conditions 
are excellent, which for us theorists above 
all means that there are many other out-
standing scientists around with whom 
you can exchange knowledge and that 
there are interested and motivated stu-
dents.”  
Just as his doctoral supervisor before, 
Matthias Punk will without doubt manage 
to fill his young students with enthusiasm 
for quantum mechanics. He most certain-
ly has the talent to explain to newcomers 
what the subject is all about. 

Resistance is futile 
Matthias Punk – of the quantum 
physics of superconductors

People at NIM

9


