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Quantum theory of symmetry breaking and
restauration in atoms and molecules by electric
fields and laser pulses

PhD Project description:
Symmetry breaking is a fundamental and ubiquitious phenomenon in nature [1]. The goal
of this PhD project is to discover new ways of symmetry breaking and restauration in
atoms and molecules, by means of electric fields and laser pulses, using quantum
simulations. This type of symmetry restauration is fundamentally new.
To explain the challenges of the PhD project for a simple example, consider the
hydrogen atom in the 2s state. Its isotropic symmetry may be broken by switching on and
off a z-polarized electric field. The degeneracy of the 2s and 2p orbitals implies that
eventually, the initial 2s orbital is converted into the final anisotropic spz hybrid orbital.
The new challenge is to restore isotropic symmetry by means of laser pulses, using the
methods of Ref. [2]. Analogous but more ambitious applications are to Rydberg atoms,
see e.g. Ref. [3].
Symmetry breaking and restauration in molecules shall be investigated for molecules with
symmetric ground states supported by symmetric double well potentials, such as
ammonia NH3. Symmetry may be broken by a sufficiently strong z-polarized electric field
[4]. The task is to design optimal electric fields or laser pulses for restauration of
symmetry. This investigation should be extended to more demanding molecules [5].
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Language requirements:
PhD study in English possible, required IELTS 6,5 or TOEFL 95

Academic requirements:
Master degree in Theoretical Chemistry or Theoretical Physics.
Documented experience with quantum simulations of atoms and/or molecules in electric
fields and/or laser pulses is seen as an advantage.
Information of the professor or research group leader:
http://userpage.fu-berlin.de/~agpaulus/
Please note:
In a first step the complete application should submit to the Beijing Office for evaluation
by January 4th, 2016. Please don’t contact the professor before. He/She will get in contact
with you after having received the complete application in January.

