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The Riemann Zeta Function and Quantum Mechanics 
Abstract:  

  The Riemann zeta function ζ plays a crucial role in number theory as well as physics. Indeed, the distribution of 
primes is intimately connected to the non-trivial zeros of this function. We briefly summarize the essential properties 
of the Riemann zeta function and then present a quantum mechanical system which when measured appropriately 
yields ζ. We emphasize that for the representation in terms of a Dirichlet series interference [1] suffices to obtain ζ. 
However, in order to create ζ along the critical line where the non-trivial zeros are located we need two entangled 
quantum systems [2]. In this way entanglement may be considered the quantum analogue of the analytical 
continuation of complex analysis. We also analyze the Newton flows [3, 4] of ζ as well as of the closely related function 
ξ. Both provide additional insight [5] into the Riemann hypothesis. 
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Dr. Wolfgang Schleich is a Chair-Professor of Theoretical Physics, University of Ulm and Acting Director of Ger-

man Aerospace Center (DLR), Institute of Quantum Technologies. During his 40 year career of demonstrated 

leadership and groundbreaking research, Dr. Schleich has been holding broad areas of research interests which 

include theoretical quantum optics, physics of cold atoms and analogies to solid state physics, fundamental 

questions of quantum mechanics, general relativity, number theory, statistical physics and nonlinear dynamics.  

Dr. Wolfgang Schleich was selected as Fellows of the Optical Society of America (OSA,1997), the Institute of 

Physics (IOP,1999), the American Physical Society(APS,2000) and the European Society of Optics (2007). In 2013, 

he was awarded as Texas A&M University Institute for Advanced Study (TIAS) Faculty Fellow. 

Dr. Wolfgang Schleich was elected to the German Academy of Sciences Leopoldina (2002), Heidelberg Academy 

of Sciences (2005), Royal Danish Academy of Sciences and Letters and the Austrian Academy of Sciences 

(Corresponding Members), Academia Europaea (2008) and the Hungarian Academy of Sciences (Honorary Mem-

ber, 2019). He received many awards, prizes and medals such as Max Planck Research award (2002), Willis E. 

Lamb Award (2008), Gottfried Wilhelm Leibniz Prize from German Research Foundation (1995) and Prize of the 

German Physical Society (1991), Otto Hahn Medal (1983) and Ernst Abbe Medal (1991). 

Most recently, Dr. Schleich is recognized “for pioneering contributions to topics including gyroscopes and gen-

eral relativity, Schleich-Wheeler oscillations, quantum state engineering, quantum optics in phase space, Gauss-

sum factorization and wave packet dynamics and the red shift controversy resolution in atom interferometry” 

and received 2021 Herbert Walther Award from the Optical Society (OSA) and the Deutsche Physikalische Gesell-

schaft (DPG). 
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