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Theoretical physics explains physical reality by making use of concepts and methods that are encoded in mathematical 
language. It has close ties with experimental physics, because ultimately the success of a theory is measured by its 
agreement with experiments. As theoretical physics is unified by methodology, the physical systems studied at the 
Institute range from the smallest scales where quantum corrections to gravity are expected, to the largest scale 
possible, i.e., the universe. In between these extremes lie quantum and soft-condensed matter, which study the 
emergent properties of many-body systems.
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Strings & Quantum Gravity 
String theory, and other theories of quantum gravity such as causal 
dynamical triangulation, are possible candidates for unifying Einstein’s 
theory of general relativity with quantum mechanics. 

Can string solitons probe the shape of space-time?

What can we learn from dual black holes?

Cosmology 
Cosmology studies our universe at the largest scale. Topics 
of study are the nature of dark matter and dark energy, 
baryogenesis, cosmic inflation, and the large-scale structure of 
the universe. 

Will our universe 
expand forever?

Elementary Particles
The standard model describes the elementary particles 
and their mutual interactions.

Will the Large Hadron Collider at  
CERN find the Higgs boson?  
Will it challenge the Standard Model?

Quantum Matter
Quantum condensed matter is concerned with many-body effects in 
quantum-mechanical systems. Typical examples are superconductivity 
and quantum magnetism in electron systems, and Bose-Einstein 
condensation and superfluidity in ultracold atomic gases.   

Electronics versus spintronics: What are the 
fundamental differences between currents of charge 
and of spin?

Will cold atoms unravel the 
mystery of high-temperature 
superconductors?

Soft Matter
Soft condensed matter is concerned with systems such as  
liquids, polymer solutions, colloidal suspensions, biological 
tissue and membranes, emulsions, liquid crystals, and glasses.

Can oil and water mix?

Are disordered systems solids or liquids?
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Does the cosmic
background radiation

contain signatures 
of strings?  

What do 
colloids teach us 

about  interstellar 
dusty plasmas?  

DNA  electronics: 
What are the electronic 

transport properties 
of DNA?   

Is the core of a 
neutron star a quark 

superconductor?  

Shouldn’t the
 standard model be 

supersymmetric?


