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Main Research Fields

Cosmology:

First proposal of a dynamical Dark Energy (quintessence) (1987).
Proposal of Dark Energy — Dark Matter coupling (1995).

Investigation of time variation of fundamental constants in
quintessence models (1987). Analysis of the role of Early Dark Energy
for CMB and structure formation. Possible solution of “why now
problem for dark energy” by growing neutrino mass. Inflation as
transition from higher dimensions to effective four dimensions (1983,
with Q. Shafi). Cosmon inflation. Universe without expansion.

Great emptiness in the beginning of the Universe.

Particle Physics: Neutrino masses and oscillations, proposal of triplet mechanism as

alternative to seesaw.

Explanation of three generations of quarks and leptons by higher
dimensional chirality index (1983) (e.g. used in superstring theories).
Spinor gravity as proposal for quantum gravity.

Quantum Gravity: Prediction of Higgs boson mass from asymptotic safety (with M.

Development

Shaposhnikov).
Gauge invariant flow equation.
Quantum scale symmetry.

Modern form of functional renormalization (effective average action)

of new methods: (1993).

Quantum theory: Emergence of quantum physics from classical statistics. Quantum

computing with classical bits.

Phase transitions:  Proposal of crossover replacing electroweak phase transition (1983,

with M. Reuter). Investigations of transition to quark gluon plasma.




Non-equilibrium Proposal of prethermalization (2004, with J. Berges, St.Borsanyi)
Quantum Field
Theory:

Ultracold atoms: Investigation of BCS-BEC crossover by functional renormalization.
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2006 - 2017: Speaker, Transregional Project TRR33 “The Dark Universe” (Bonn,
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1998 - 2008: Member Selection Committee for Alexander von Humboldt Awards

1996 - 1998: Member Scientific Council DESY
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