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Quantum synchronization 
 

Synchronization of self-oscillators is a universal phenomenon that is important both in fundamental 
studies and in technical applications. 
Recent experimental progress in optomechanical systems has motivated the study of synchronization in 
quantum systems.  I will discuss some approaches to this question and will then describe our own work 
[1-3]. 
 
We have studied the synchronization of a van der Pol self-oscillator with Kerr anharmonicity to an 
external drive [1,2] and have shown that this system exhibits genuine quantum signatures like multiple 
resonances in both phase locking and frequency entrainment not present in the corresponding classical 
system. Recently, we have predicted a novel quantum phenomenon in synchronization which we called 
quantum synchronization blockade [3]. Classically, the tendency towards spontaneous synchronization 
is strongest if the natural frequencies of the self-oscillators are as close as possible. We have shown that 
this wisdom fails in the deep quantum regime, where the uncertainty of amplitude narrows down to the 
level of single quanta. Under these circumstances identical self-oscillators cannot synchronize and 
detuning their frequencies can actually help synchronization. 
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Christoph Bruder studied physics at TU München and the University of Sussex. After receiving his diploma in München in 
1985 (diploma thesis on superfluid 3He with D. Vollhardt and P. Wölfle), he joined T.M. Rice's group at ETH Zürich as a 
graduate student. He finished his PhD thesis on Andreev scattering in unconventional superconductors in 1989. After that, 
he spent two years as a postdoctoral fellow at the University of Pennsylvania in Philadelphia working with T.C. Lubensky, 
G. Mele, and A. Brooks Harris. In 1991 he joined Gerd Schön's group at University of Karlsruhe, where he obtained his 
Habilitation (on mesoscopic superconductivity) in 1995. In 1998 he became associate professor at University of Basel, and 
in 2004 he was promoted to full professor. In 1997, he received the Klaus Tschira Award for Achievements in Public 
Understanding of Science; in 2001 the 200 k$ Swiss-Korean Outstanding Research Efforts Award (together with Prof. 
Mahn-Soo Choi, Korea University), and in 2009 the Outstanding Referee Award of the American Physical Society. 
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