Emulating black holes using surface gravity waves

Georgi Gary Rozenman'+?, Freyja Ullinger®#, Matthias Zimmermann*, Maxim A.
Efremov>4, Wolfgang P. Schleich3, Lev Shemer!, and Ady Arie!

UIby and Aladar Fleischman Faculty of Engineering, Tel Aviv University, Tel Aviv 69978,
Israel
2Raymond and Beverly Sackler School of Physics & Astronomy, Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv 69978, Israel
3Institut fur Quantenphysik and Center for Integrated Quantum Science and Technology
(IQST), Universitat Ulm, 89081 Ulm, Germany
4Institute of Quantum Technologies, German Aerospace Center (DLR), 89081 Ulm, Germany

S>Hagler Institute for Advanced Study at Texas A&M University, Texas A&M AgriLife
Research, Institute for Quantum Science and Engineering (IQSE), and Department of

Physics and Astron- omy, Texas A&M University, College Station, TX 77843-4242, USA

It is the occurrence of a logarithmic phase singularity in the proximity of a horizon that lies
at the heart of Hawking and Unruh radiation. Recently, these effects have been related to
a simple quantum system with a parabolic barrier [1]. Here we demonstrate experimentally
that freely propagating waves can also display a horizon and a logarithmic phase singularity.
While black hole singularities have already been related to various analog systems, such as
hydraulic and acoustic black holes, as well as thermal BEC black holes [2]. In contrast to these
experiments, our results indicate that a simple physical system is sufficient to provide funda-
mental insights into a very complex problem. We tackle this problem by utilizing Weber wave
packets, which are the eigenstates of the inverted harmonic oscillator system. An interesting
observation is that even without a potential, an initial state that is an energy eigenstate of the
inverted harmonic oscillator (i.e., a Weber wave packet) would evolve in free space until it
reaches an amplitude singularity, accompanied by a logarithmic phase singularity. These ex-
periments predict that similar physics can be observed for optical, acoustic, and matter waves
[3]. In my talk, I will review the intriguing analogies between quantum mechanics, surface
gravity waves, and optical systems, as well as present our latest results on several topics, and
discuss new measurements and directions.
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