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Smallest light portions at the touch of a button
Physicists at the University of Stuttgart are developing the first single-photon source that works with atomic gases at room temperature.

	

Researchers of the Center for Integrated Quantum Science and Technology IQST at the 5th Institute of Physics at the University of Stuttgart (Head: Prof. Tilman Pfau) have developed a novel, promising variant of a light source for the smallest possible energy packages - a so-called single-photon source. Their work has been published in the latest issue of the journal Science.*
A photon is the smallest conceivable amount of light. Classical light sources such as light bulbs or the sun emit many photons simultaneously, in random order. A single photon source on the other hand, emits only a single photon in a controlled way. Such light sources have been known for about 20 years, but the various approaches (e.g. quantum dots or nitrogen defect centers in
diamonds) are hot topics in research worldwide. The special feature of this 
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The rubidium atoms are excited to their Rydberg states in a compact and robust glass cell at room temperature. The volume between the glass plates is so thin that colored interference rings are visible to the naked eye. Photo: Universität Stuttgart/Max Kovalenko



new light source is that it can be operated without expensive cooling methods that need liquid gases or lasers.
The secret lies in the glass cell
The Stuttgart-based single-photon source works with atomic gases at room temperature for the first time. The secret lies in a credit card-sized glass cell filled with a vapor of rubidium atoms. The quantum character of the generated light is based on strong interactions between the individual atoms in the vapor cell. In order for the atoms to interact strongly, they are brought into highly excited Rydberg states by laser light. These are states in which the outermost electron of each atom is particularly far away from the rest of the atom. Due to their enormous size, the interaction between two Rydberg atoms is very strong. A single Rydberg excitation does not allow another Rydberg atom in its vicinity and thus blocks the entire atomic cloud. "Since the atoms are trapped in a microscopically small glass cell, only one Rydberg excitation can ever occur in this cell - no matter how many atoms are trapped in the cell," explains Fabian Ripka, a PhD student at the 5th Institute of Physics at the University of Stuttgart. When this single excitation subsides again, a single quantum of light - a photon - is emitted. The Stuttgart researchers can specifically control the Rydberg excitation and the emission of the photon.
Individual photons already play an important role in quantum technology applications. Since they cannot be copied unnoticed, they are suitable, for example, for tap-proof quantum communication and are used in quantum cryptography. Prof. Tilman Pfau also sees great potential for single photons in so-called quantum computers. "In photonic networks, single-photon sources will be an essential component for performing quantum algorithms," says the quantum physicist.
	
Original publication:
Fabian Ripka, Harald Kübler, Robert Löw, Tilman Pfau: A room-temperature single-photon source based on strongly interacting Rydberg atoms, Science from 26.10.2018, Vol. 362, Issue 6413, pp. 446-449, DOI: 10.1126/science.aau1949

About IQST
[bookmark: _GoBack]The Center for Integrated Quantum Science and Technology IQST, a center for quantum sciences funded by the state of Baden-Württemberg, is a consortium of the Universities of Stuttgart and Ulm and the Max Planck Institute for Solid State Research in Stuttgart. The aim of the center is to promote synergies between physics and related natural and engineering sciences and to represent quantum science from the basics to technological applications.
Researchers at the 5th Physics Institute led by Prof. Tilman Pfau are investigating the quantum properties of atoms in the IQST and are trying to control them in a targeted way in their search for new states of matter or possible applications for quantum information technology and quantum optics. 
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